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Foreword

There are few accomplishments more satisfying for a foot and ankle surgeon than
achieving a successful, long-term correction of a disabling and/or painful deformity
in a child or adolescent’s lower extremity.

Podopediatrics is a growing area of most foot and ankle surgeons’ practices.
The importance of addressing deformities early in their development has long
been recognized for more severe lower limb, ankle, and foot deformities but
now is being more fully explored, identified, and treated in many mild-to-
moderate conditions. Surgery in the child or adolescent patient is much more
than just “surgery on a small adult.” The surgeries are often done on a grow-
ing lower extremity and foot and require careful planning with considerable
attention to detail to achieve a lasting, good, long-term outcome. The timing
of the surgery must often be deliberated and can affect the final result.
Additionally, if present, neuromuscular disease can affect the treatment
options and should be considered. The goal of surgery in the pediatric patient
population often cannot entirely resolve a gait abnormality, neuromuscular
disease, or pedal condition but should strive for lasting improvement in the
quality of life for the juvenile patient.

The editors of this textbook have gathered together an outstanding, accom-
plished, and experienced group of surgeons who regularly perform foot and
ankle surgery in the pediatric patient population. Among these authors are
leading surgeons, traumatologists, professors, researchers, and most impor-
tantly parents. They clearly understand the trepidation of any parents electing
to proceed with foot and ankle surgery on their child. Many of these authors
have also given their time to medical mission trips to foreign countries, where
surgery on the pediatric and adolescent foot and ankle are among the most
common procedures performed.

This textbook has been carefully laid out to highlight the more common
procedures done for this juvenile patient population. However, children are
like “snowflakes,” and no two congenital abnormalities or pediatric traumas
are identical, further highlighting the criticality of proper patient and proce-
dural selection. Therefore, this textbook is best used as a foundation for
improving one’s knowledge base in this continuously evolving and changing
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Foreword

area of foot and ankle surgery. The editors and authors of this fine textbook
have certainly achieved this goal and have successfully completed their
mission.

Michael S. Downey, DPM, FACFAS
Division of Podiatric Surgery

Penn Presbyterian Medical Center
Philadelphia, PA, USA

Department of Surgery
Temple University of Podiatric Medicine
Philadelphia, PA, USA

The Podiatry Institute
Decatur, GA, USA



Preface

It is with great excitement that we present this textbook on the pediatric foot
and ankle. We are extremely grateful for our teachers and mentors throughout
our education, training, and careers. Without them, we would not have our
passion for teaching and our thirst for knowledge to share with students, resi-
dents, and our fellow colleagues. It is because of our great educators and role
models that we had the ambition and chose to embark on this great endeavor
so that we can pay it forward to our profession.

We were very fortunate to have completed a 4-year surgical residency spe-
cializing in reconstructive surgery of the foot, ankle, and leg. One aspect of
training that our residency initially lacked, however, was the evaluation and
management of pediatric foot and ankle deformities. Then, with a stroke of
luck and good fortune and a lot of efforts by our attendings, especially Dr.
Kieran Mahan, we gained privileges at the Temple Children’s Hospital in
Philadelphia, PA, and our eyes were opened to a whole new realm of medi-
cine. This amazing opportunity helped us broaden our skills and become
well-rounded physicians and surgeons, encompassing all aspects of foot and
ankle care.

The pediatric population is a very special patient group, and we have
found them to be some of the most rewarding. When these patients endure
surgery, it is usually because of significant deformity and/or trauma. And
although most of these patients are a true pleasure to treat, their deformities
and pathology can be quite challenging. Their physiology and psychology are
very different from the adult; therefore, they have to be treated differently
than the adult. We do, however, have to deal with adults, as parents and chap-
erones of these patients, so the problem as a whole can be very complex. It
takes a very patient and understanding physician to encompass the entire
family, address their concerns, and gain their trust in treating their beloved
child. But once that trust is achieved, an incredible relationship is created.

The goal of this textbook is to be all encompassing including normal anat-
omy and development and evaluation and management of most pediatric foot
and ankle entities. The chapters include clinical and radiographic evaluation
and treatment options, both conservative and surgical. The most common
pediatric problems from digital deformities, neurological abnormalities,
clubfoot, flatfoot, sports medicine, and trauma have been included.

This textbook has been a labor of love. It has been a true honor and plea-
sure to work with such talented authors, we are proud to call our friends and
colleagues, as they have shared their areas of expertise for the benefit of us



Preface

all. It is our hope that this textbook will be a valuable and practical resource
and provide you with great knowledge and assist you in evaluating and treat-
ing your pediatric patients. To be able to improve a juvenile’s lifestyle, keep
them mobile, eliminate or at least decrease their pain, and even return them to
the athletic field makes a heart happy like no other. We hope you gain as much
joy from treating this patient population as we do.

Kingstree, SC, USA Michelle L. Butterworth, DPM, FACFAS
Brighton, MA, USA John T. Marcoux, DPM, FACFAS

The updated online version of this book can be found at
https://doi.org/10.1007/978-3-030-29788-6_15
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The Pediatric History and Physical

Examination

Edwin J. Harris

Introduction

The purpose of the pediatric history and physi-
cal examination is to collect information. The
objectives of the history are to identify and
fully understand the chief complaint or com-
plaints and all of their ramifications, acquire
pertinent past medical and surgical information
relevant to the chief complaints, identify other
factors that may influence diagnosis and treat-
ment, and begin the formation of a differential
diagnosis. Obtaining the history is not a pas-
sive process. The examiner questions the his-
torian, and the historian responds. Answers to
the questions lead to new questions and the data
base grows. The differential diagnosis is nar-
rowed based on this information. If the history
is properly obtained, the physical examination
can be focused to support one of the diagnoses
or rule several out.

Diagnostic errors can result from misinterpre-
tation of these data but more often result from
inattention to detail and failure to appreciate the
importance of information obtained in the history.

E. J. Harris (><)

Loyola University Chicago, Stritch School
of Medicine, Department of Orthopedics and
Rehabilitation, Maywood, IL, USA

Rosiland Franklin University of Health Sciences,

Dr. William M. Scholl College of Podiatric Medicine,
Department of Podiatric Surgery and Applied
Biomechanics, North Chicago, IL, USA

© Springer Nature Switzerland AG 2020

The Historian

In pediatric practice, the patient is rarely the
historian. The child may provide some use-
ful information and the examiner should try to
obtain as much information from the child as
possible taking the child’s age into consider-
ation. Somebody other than the person experi-
encing the problem is relating the information
and may be interjecting his or her own personal
experiences and biases complicated by misin-
formation volunteered by well-meaning friends
and relations, medical students, nurses, resident
physicians, primary care physicians, referring
physicians, and Internet searches. On occasion,
the historian may even purposely withhold
information because he or she finds it embar-
rassing or may think that those data are none of
the examiner’s business.

The historian’s command of English may
require an interpreter who is versed in translat-
ing medical concepts. Professional interpret-
ers make every effort to translate verbatim, but
circumstances may arise when an appropriate
word may not be available and the interpreter is
forced to improvise. Friends and family mem-
bers, especially children, make very poor inter-
preters, and their services should not be used.

M. L. Butterworth, J. T. Marcoux (eds.), The Pediatric Foot and Ankle,

https://doi.org/10.1007/978-3-030-29788-6_1
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The Information

Certain portions of the past medical history take
on special significance. Some concerns are devel-
opmental in origin and possibly hereditary, add-
ing importance to the developmental and family
histories. Gait disturbances may really be move-
ment disorders, prompting the examiner to search
for risk factors suggestive of neurological pathol-
ogy. Some might be the result of past medical
conditions that have left permanent anatomical
change, while others may be the residual of past
trauma.

Organizing the Medical History
The Chief Complaint or Complaints

More diagnostic errors occur at this portion of
the workup than anywhere else by failing to fully
understand the chief complaint or complaints.
There may be communication problems resulting
from misunderstanding or the examiner may fail
to recognize that there are actually several com-
plaints that may or may not be related. The result
is failure to identify the problem or problems cor-
rectly, leading to incorrect diagnosis and faulty
treatment.

The chief complaint or complaints should
be expressed in lay terminology. Medical terms
offered by the caregiver should be changed into
simple non-medical terms that are easily under-
stood and agreed on by both the historian and the
physician because, more often than not, the his-
torian does not really understand the meaning of
these terms. Worst-case scenario is that the his-
torian is inadvertently relating incorrect second-
hand information obtained from other sources.
Mindful that the information is most likely not
provided by the child, the historian may superim-
pose his or her own ideas based on personal expe-
rience, interpretation of the situation, or both.

Careful study of the chief complaint may
reveal that there are actually several complaints.
The inexperienced physician may make the
incorrect supposition that all of the complaints

are related when they may be separate isolated
complaints with different etiologies. Each of
these must be carefully explored and prioritized.

The History of the Chief Complaint or
Complaints

All complaints have a natural history that aids
in their understanding. The age of the patient at
the onset of symptoms is important, since many
orthopedic abnormalities are clustered in specific
age groups. For example, most of the intoeing
and outtoeing problems recognized before the
child begins to walk are usually found in the
foot. Between the ages of 1 and 2, rotational limb
abnormalities are most likely in the tibiofibular
segment. Past the age of 2, intoeing problems are
more likely in the femur.

The history of the chief complaint or com-
plaints should include their manifestations, onset
of the symptom, the circumstances in which they
developed, and any treatment rendered to date.
This includes the location, quality, severity, tim-
ing, circumstances producing the symptom, and
associated manifestations. Timing should include
onset, duration, and frequency. Significant nega-
tives will also help in the differential diagnosis.
At this point in the workup, it is acceptable to
begin to formulate a list of differential diagnoses
that will help guide the remainder of the history
and focus the physical examination.

The Past Medical History

The past medical history has two components —
the immediate or current medical history and the
more remote past medical history. Since many
problems encountered in pediatric practice are
acute, it is better to start with current events.

Overall Impressions

Asking the parents for their impression of the
child’s general health may reveal more about the
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caregiver’s impression of the child than the actual
medical state. This helps the examiner to better
interpret what the caregiver relates. As an exam-
ple, the caregiver may state that the child’s gen-
eral health is poor but, when questioned in detail,
may actually indicate behavioral issues, dietary
problems, or social interactions. Conversely, the
caregiver may have a very cavalier attitude about
more serious issues such as seizures, chronic dis-
eases, and other illnesses.

Medications

All medications past and present should be
reviewed. These may have immediate health
implications or may suggest diseases that
may have been forgotten or deliberately not
divulged. Caregivers may be under the impres-
sion that only prescription drugs are important,
but inquiries about over-the-counter medica-
tions, homeopathic remedies, and other alterna-
tive medications should be made. Some may be
innocuous, but others have unappreciated phar-
macological properties. The caregivers may be
reluctant to report these medications because
they fear that they might meet with physician
disapproval. The same can be said for nontra-
ditional medical treatments. As a part of the
inquiry on medications, the examiner must
specifically explore the effects of these medi-
cations both on the disease being treated and
on the child in general. This should include the
name of the medication, the dose, the response,
the course of treatment, and the reason why the
medication was used. This is especially impor-
tant for medications having more than one
indication. How far back in time the examiner
probes the medication history is dictated by the
chief complaint.

Alternative medical care includes massage
therapy, acupuncture, chiropractic care, homeo-
pathic medications, herbal medications, and
vitamins. Most infants and children take vitamin
supplements, but the clinician should be aware
that certain vitamin therapies can become exces-
sive and may actually be harmful.

Allergies

Allergic reactions can be caused by medications,
foods, and environmental allergen including
latex and other contact allergens. The examiner
must attempt to determine whether an adverse
response to any of these is a true allergy, an
idiosyncrasy, or a parental concern not based in
fact. As examples, caregivers often relate that the
child is allergic to penicillin. Penicillin is a broad
term and it should be remembered that native
penicillin is rarely used today because of anti-
biotic resistance. Most exposure is to the semi-
synthetic penicillins and cephalosporins. In some
cases, penicillin-related antibiotics are avoided
because another family member supposedly has
an allergy to these medications. In this case, there
is no documented allergy for that child. In other
cases there may be nausea or vomiting follow-
ing use of a drug that is actually the result of the
disease being treated and not the medication.
Other adverse responses are clearly allergic in
nature. Respiratory difficulty, generalized urti-
caria, angioedema, and anaphylaxis result from a
severe allergic reaction. In some cases, the care-
giver will report somnolence or euphoria follow-
ing ingestion of certain medications. Here, a true
allergy is questionable. Similarly, macular rashes
on the chest with certain antibiotics may be a non-
allergic response. There is a fine line between an
allergy and an idiosyncrasy. Placing the child at
risk for subsequent adverse response is not jus-
tified. However, denying a child an entire class
of medications when no true allergy exists is
equally problematic. If a true allergy exists, this
is an excellent educational opportunity to stress
the need for immediate medical attention as soon
as symptoms develop and to have injectable epi-
nephrine on hand.

Childhood llinesses

Childhood diseases for which vaccinations are
available include rubella, rubeola, varicella, per-
tussis, mumps, poliomyelitis, diphtheria, and tet-
anus. Vaccination programs are highly successful
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and carry very little risk. As the result, these dis-
eases are uncommon in the community.

Other childhood illnesses include type I dia-
betes, scarlet fever, rheumatic fever, roseola,
fifth disease, hand-foot-mouth disease, asthma,
and other forms of reactive airway disease,
respiratory syncytial viral infections, Asperger
syndrome, autism, and learning and behavioral
disorders.

Immunizations

Immunizations protect both the child and the
community from the communicable diseases
of childhood. These include mumps, measles,
pertussis, polio, rubella, varicella, haemophilus
infections, hepatitis B, and tetanus. Some parents
refuse vaccinations based on religious beliefs or
concerns that vaccinations may be harmful to the
children. At the current moment, there is no sup-
portive evidence that vaccinations cause autism
or any of the group of illnesses purportedly
caused by the vaccination programs. The harm
of withholding vaccinations exceeds the theoreti-
cal risks. Every effort should be made to insure
that the child’s vaccinations are up to date. It
should be kept in mind that some parents choose
to decline vaccinations for their children and are
unlikely to be persuaded.

Special inquiries about tetanus immunization
and last booster injection are critical pieces of
information when penetrating trauma is the chief
complaint. Recent data suggests that certain vac-
cinations do not confer lifetime immunity and
boosters are necessary.

Surgical History

The surgical history identifies past surgical dis-
eases and responses to anesthesia. Caregivers
remember major interventions, such as tonsil-
lectomy, adenoidectomy, appendectomy, intus-
susception, hernia repair, and similar procedures.
They often forget about others such as tympa-
nostomy, dental procedures, and revision of cir-
cumcisions or do not consider these surgical even

though they require general anesthesia. The same
can be said for upper and lower endoscopies,
urological imaging procedures, examination
under anesthesia, and MRI. Infants and young
children require general anesthesia or deep seda-
tion for these procedures. Searching for the rea-
son for these interventions often yields forgotten
information regarding general health issues.
Responses to anesthesia may help plan further
lower extremity procedures and help select the
appropriate facility for their performance.

Trauma

Fractures, lacerations, and other injuries should
be noted. This includes the nature of the trauma,
how it happened, treatment, and the sequel. The
examiner should always be aware of repeat or
unusual patterns of injury that might suggest
non-accidental trauma.

Admissions

The dates and reasons for hospital admissions
as well as the treatment rendered should be
obtained. If indicated, medical records should be
requested. Emergency room and urgent care vis-
its should be identified as well.

Social and Developmental History

The number of siblings, their ages, and the
patient’s position in the sibship should be deter-
mined. This requires compassionate questions
about the number of pregnancies and the num-
ber of live births and surviving children. Since
the causes of sibling demise include stillborns,
genetic events, childhood disease, and trauma, if
possible, the cause of demise should be identified.

The living situation should also be explored.
The number and relationships of other house-
hold dwellers should be determined. This may
be important when other family members bring
the child for examination and treatment. The
principal responsible caregiver should be iden-
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tified. If the principal caregiver is not a parent,
the examiner must determine whether that per-
son is empowered legally to give consent for any
invasive treatment or even the initial physical
examination.

Inquiry should be made about the child’s
educational status. This includes the academic
year; performance in school; interaction with
peers; in-school occupational, physical, and
speech therapy; and any special educational
needs. The examiner should also inquire
about sports participation, hobbies, and other
avocations.

Certain information including smoking, alco-
hol consumption, drug, and sexual activity may
be difficult to obtain. These are not encountered
in the very young children, but may be activities
engaged in by preteens or teenagers. The patient
would be extremely unlikely to divulge this infor-
mation in the presence of a parent or other care-
giver. Separating the child from the caregiver to
obtain this information is a technique employed
by the primary care provider or pediatrician, but
is usually not an option for a specialist.

The Developmental History

The developmental history is the chronology of
the child’s progression from fetal state to the cur-
rent time. The status of the mother’s health at the
time of conception is important. Medications pre-
scribed for the mother’s health during pregnancy
(sometimes before pregnancy is recognized) can
have adverse effects on the developing fetus. For
example, the effects of thalidomide were not
recognized for several years. Recreational drug
use, alcohol, and tobacco smoking also adversely
affect the fetus.

Complications occurring during pregnancy
affect fetal development and survival. Premature
labor is often a sign of fetopathy. Uterine abnor-
malities such as bicornuate uterus and fibroids
can also influence pregnancy. Placenta previa,
placenta abruption, nuchal cord, and malposition-
ing can influence the survival and development
of the fetus and increase the risk of neurological
damage during delivery.

Length of gestation has significance. Labor
may be premature, spontaneous, or induced.
If induced, the examiner should determine the
reason. Prolonged labor may be a factor in cen-
tral nervous system pathology as the result of
hypoxia and intracranial bleeding.

Assisted vaginal delivery can result in clavic-
ular fractures and brachial plexopathy. Cesarean
section carries its own set of risks and is not
the method of choice for most pregnancies. If a
cesarean section is required, the examiner should
determine the reason.

Breech presentations carry their own sets of
risks. Abnormal positioning can be corrected
immediately prior to delivery with obstetrical
maneuvers, but certain other presentations are not
deliverable vaginally. Not only do these require
cesarean section, but they carry their own ortho-
pedic morbidities. For instance, frank breech
presentation is often associated with the triad of
hip dysplasia/dislocation, knee subluxation, and
calcaneovalgus foot deformity.

Infant data associated with delivery include
length, weight, and Apgar scores [1] (Table 1.1).

Identifying the length of stay after delivery
may also give valuable information. A healthy

Table 1.1 Apgar score

Color
Blue, pale 0
Body pink, extremities blue 1
Completely pink 2
Heart rate
Absent 0
< 100 beats per minute 1
> 100 beats per minute 2
Response to nasal stimulation
No response 0
Grimace 1
Sneeze, cough 2
Respiratory effort
Absent 0
Slow, irregular 1
Crying 2
Muscle tone
Limp 0
Some extremity flexion 1
Active movement 2

Scores determined at 1 and 5 minutes after birth. Healthy
7-10, mild to moderate depressed 4-6, seriously ill 0-3
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neonate is usually discharged home with the
mother within 48 hours. If there is significance
post-delivery icterus, the length of stay may be
increased. Initial difficulties with feeding and
respiration and workup for neonatal fever and
infection will increase the length of stay. These
latter may require blood cultures, special imag-
ing, and spinal tap.

Major motor landmarks include development
of head control, rolling from prone to supine and
supine to prone, sitting, crawling, standing, cruis-
ing, independent walking, speech, development
of cerebral dominance, and bowel and bladder
training (Table 1.2).

Family History

The examiner should begin by inquiring about
the occurrence of the same or similar problems
in other family members. Additional questioning
searches for anemia, bleeding disorders, diabetes,
hypertension, asthma, ischemic heart disease,

Table 1.2 Developmental milestones

Head control
One month moves head from side to side while
prone
Two months holds head and neck up begins to push
while prone
Three months will control head when supine and
lifted by arms
Pushing up well on arms while prone
Rolling over
4-5 months rolling over first prone to supine
5 months rolling over both ways
Sitting
Six months sitting independently
Crawling
Seven months crawling, scooting, army crawling
Standing
Seven to nine months pulls to stand
Cruising
Nine to ten months cruising around objects
Walking
Twelve to thirteen months independent walking
Cerebral dominance
Twenty-four months develops hand preference
Bowel and bladder control
Thirty to forty months bowel and bladder trained

tuberculosis, hypercholesterolemia, liver disease,
cerebral vascular accident, renal disease, hepatic
disease, cognitive dysfunction, immune diseases,
epilepsy, alcohol and drug abuse, cancer, the vari-
ous forms of arthritis, and blood dyscrasias. Inquiry
about sickle cell trait and disease should be made
in patients who are genetically prone. Questions
about other family member response to general
anesthesia might give information about possible
malignant hyperthermia. Giving the caregiver
some prompts by systems makes going through a
long list unnecessary. The examiner needs to be
aware that the historians may withhold informa-
tion if they feel threatened by its revelation.

Systems Review

A general review includes both objective and
subjective information such as nutritional status,
weight stability, weakness, fatigue, unexplained
fever, loss of appetite, and information on general
well-being.

Information about the head includes such
things as headache, dizziness, and history of head
injury.

Assessment of the eyes includes the patient’s
perception of his or her vision, the use of glasses
or contact lenses, redness, burning, excessive
tearing, loss of vision, glaucoma, and cataracts.

Evaluation of the ears includes loss of hearing,
tinnitus, and episodes of otitis.

The review of nose problems includes fre-
quent upper respiratory infections, sinusitis,
obstruction, discharge, and epistaxis.

Appraisal of the throat includes status of the
dentition, mobility of the tongue, swallowing,
throat pain, and hoarseness.

The neck is evaluated for known deformities,
pain on range of motion, and general tender-
ness. Questions about thyroid pathology are also
included.

Lymphatic pathology may occur in the neck,
axilla, and inguinal and popliteal areas. Questions
about local masses and pain will help identify
generalized lymphatic pathology. The location of
the involved nodes often identifies the remote site
of the real pathology.
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Pulmonary review includes presence of cough,
dyspnea, wheezing, pain on inspiration or expira-
tion, cyanosis, and exposure to chronic pulmo-
nary diseases such as tuberculosis.

Cardiovascular evaluation includes chest pain,
rhythm disorders, extremity edema, hyperten-
sion, and history of known cardiac disease such
as rheumatic fever, murmur, and syncope.

Gastrointestinal review includes dysphagia,
pain on swallowing, nausea, vomiting, abnormal
bowel patterns, rectal bleeding, icterus, disease
of the liver and gallbladder, and hepatitis.

Urinary tract review includes hematuria, dys-
uria, nocturia, and polyuria, incontinence, and
urinary tract infection.

Genital tract review for males includes his-
tory of hernia, testicular pain, scrotal masses, and
sexually transmitted diseases. For females, age at
onset of menarche, history of sexually transmit-
ted diseases, pregnancy, and use of contracep-
tives are explored.

Musculoskeletal review includes congenital
and acquired deformities, joint pain, stiffness,
edema, and history of fractures.

Neurological review includes syncope, sei-
zures, muscle weakness, altered sensations,
decreased sensation, loss of sensation, paralysis,
tremors, and headaches.

Psychiatric review includes anxiety, night-
mares, irritability, depression, learning difficul-
ties, and behavioral disorders.

Endocrine review places particular emphasis
on disease of the thyroid, adrenals, and diabetes.

Hematologic exploration includes anemia,
abnormal bleeding, unexplained ecchymoses, and
sickle cell status in the genetically predisposed.

The Physical Examination

Like the history, the physical examination can be
tailored to meet the needs of the chief complaint
or complaints. Subject to the complaint, the
examination may be problem focused or compre-
hensive. However, all levels of physical examina-
tion have basic common components.

The physical examination often has to be
modified depending on the child. The compre-

hensive nature of the examination must be main-
tained, but the examiner should not feel bound
by any particular format. In general, components
of the examination requiring patient cooperation
should be performed first while the child’s focus
can be maintained. Portions of the examination
based on observation should also be performed
early in the encounter. Particularly in the young
child, manipulation and position changes should
be minimized. As much as possible, it should be
performed in one anatomical position. This often
means that the sequence of the examination needs
to be modified. Unpleasant or painful portions of
the examination should be performed last. As a
final note, the safest place for an apprehensive or
uncooperative child is on the parent’s lap.

Vital Signs

Vital signs are considered integral to all physi-
cal examinations, and most electronic medical
records systems require them with every patient
encounter. These include temperature, heart rate,
respiratory rate, height, weight, BMI, and pain
rating.

Temperature

Temperature can be measured by a number of
routes utilizing a variety of instruments. Mercury
glass thermometers have been largely replaced
with electronic digital thermometers because
of the hazards of mercury. Procedures include
oral, rectal, axillary, tympanic membrane, fore-
head skin, and temple artery routes. Tympanic
and forehead skin measurements are not reli-
able. Temporal artery, tympanic membrane, and
axillary measurements suffice for screening but
lack reliability. Elevated measurements by these
routes should be verified by repeating the oral
or rectal routes. Current recommendations are
the oral route for children 4 years and older and
the rectal route for infants, toddlers, and children
under 4 years of age. Results can be recorded
in degrees Celsius and Fahrenheit (Table 1.3).
When sequential temperatures are monitored,
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Table 1.3 Temperature equivalents Fahrenheit to Celsius

98.2 °F 36.8 °C
98.4 °F 36.9 °C
98.6 °F 37.0°C
98.8 °F 37.1°C
99.0 °F 372°C
99.2 °F 37.3°C
99.4 °F 37.4°C
99.6 °F 37.6 °C
99.8 °F 37.7°C
100.0 °F 37.8 °C
100.2 °F 379 °C
100.4 °F 38.0°C
100.6 °F 38.1°C
100.8 °F 38.2°C
101.0 °F 38.3°C
101.2 °F 38.4°C
101.4 °F 38.6 °C
101.6 °F 38.7°C
101.8 °F 38.8 °C
102.0 °F 38.9°C
102.2 °F 39.0°C
102.4 °F 39.1 °C
102.8 °F 39.3°C
103.0 °F 39.4 °C

Table 1.4 Fever thresholds by route
Fever is present if:

Oral temperature is over 99.5 F (37.5 C)
Rectal temperature is over 100.4 F (38.0 C)
Axillary temperature is over 99.0 F (37.2 C)*
Tympanic membrane temperature is over 100.4 F
(38.00C)
Temporal artery temperature is over 100.4 F (38.0 C)*
Pacifier temperature is over 100.0 F (37.8 C)
Thermocrystal forehead temperature not
recommended

2Accuracy of axillary, tympanic membrane and temporal
artery temperatures is questionable and should be verified
by oral or rectal route

all recordings should be determined by the same
method — avoiding mixing oral and rectal routes.
Fever thresholds by route are listed in Table 1.4.

Heart Rate

Heart rate can be measured by palpating an
artery or by auscultating the chest. Radial, dor-
salis pedis, posterior tibial, and popliteal arteries

are considered peripheral arteries, while carotid,
brachial, and femoral arteries are considered
central and are the sites preferred for seriously
ill children in shock. The rate and rhythm can be
verified both by palpating an appropriate artery
and by auscultation. The quality of the pulse
can only be determined by palpation. The rate is
best determined by counting the beats in 30 sec-
onds and multiplying by 2. If there is an obvious
unusual rhythm, the rate should be counted over
1 minute.

Blood Pressure

Blood pressure can be measured at any age. Cuff
size is the most important factor in accurately
determining pressure. Neonate and infant cuffs
average 5.5 cm in width in order to appropriately
fit the middle of the upper arm. Toddlers and
children can be measured utilizing cuff width of
7 cm. A 10 cm width cuff is appropriate for older
children and preteens. Past that age, a 14 cm
adult cuff will suffice. Systolic and diastolic pres-
sures are recorded along with the pulse pressure.
Abnormalities include pulsus paradoxus defined
as an abnormal decrease in systolic pressure
during inspiration and abnormal pulse pressure
reflecting the state of systemic vascular resis-
tance. Occasionally, Korotkoff sounds cannot be
heard. It helps to raise the arm above the shoul-
der before inflating the cuff. Otherwise, systolic
pressure is determined by palpation of the radial
artery as cuff pressure is lowered. Minimum sys-
tolic pressure in children is determined by the
formula P = 70 mm/hg + age in years X 2.

Respiratory Rate

Determining respiratory rate is problematic
because the child often alters the rate and rhythm
if he is aware that respiratory rate is being
observed. There are two ways of avoiding this
error. The first technique is to spend 30 seconds
determining pulse rate by radial palpation. Next,
the examiner spends 30 seconds measuring respi-
ratory rate by observing chest excursions during



1 The Pediatric History and Physical Examination

respiratory effort while continuing chest auscul-
tation. The second technique is to auscultate the
heart and count respirations at the same time.

Height

Height is recorded in inches or centimeters and
is usually done with the shoes off. A number of
wall charts and similar devices are commercially
available. Height can be recorded in conjunction
with age to give a percentile rank for the child
comparing other children of the same gender.

Weight

Accurate weight is important for maintaining
correct vital statistics and for dosing medica-
tions. Parents are likely to incorrectly estimate
the child’s weight, so it is better to place the
child on a scale. Weight is recorded in pounds or
kilograms. Conversions are as follows: pounds
to kilograms multiply pounds by 0.45 and kilo-
grams to pounds multiply kilograms by 2.2.

BMI

The formula for calculating body mass index is
the child’s weight in kilograms divided by the
child’s height in centimeters squared. This is
rather cumbersome to do manually, and there
are a number of available online programs that
will calculate based on age, gender, weight in
kilograms, and height in centimeters. Many elec-
tronic medical records programs calculate this
automatically when vital signs are entered.

Pain Estimation

Estimation of the severity of entrance level pain
is determined using the Visual Analog Pain Scale.
The examiner shows the child a chart of multiple
facial expressions ranging from happy smiling
to severe distress. Many children will greatly
overestimate the severity of the pain on initial

evaluation and rate it higher than the examiner’s
estimation of his affect.

The General Physical Examination
The Head

The head and face are easily examined as a unit
for symmetry and shape. The head is examined
for microcephaly and macrocephaly. Head cir-
cumference is measured and recorded. This can
be graphed for determination of percentile rank.
Asymmetry of the eyes, plagiocephaly, and other
variations of symmetry suggest in utero molding.
The fontanels are examined for fullness, flatness,
and size. Muscle weakness of the face is easily
assessed independent of examination the cra-
nial nerves. Certain facial characteristics such as
slanting of the palpebral fissures and thickness of
the tongue are diagnostic for conditions such as
Down syndrome and are immediately recognized
by simple inspection.

The Eyes

The eyes are examined for symmetry of the
pupils, roundness, response to light, and accom-
modation. The extraocular movement patterns
are also easily examined. The sclerae are exam-
ined for color and presence of icterus. Lids are
examined for ptosis and globes for proptosis.

The Ears

Ears are examined for position on the head,
patency of the canals, tenderness, evidence
of discharge, and the status of the tympanic
membranes.

The Nose

The nares are inspected for patency. The septum
is evaluated for position and lesions. The mucosa
is examined for color. Any discharge is noted.
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The Mouth and Throat

The lips are evaluated for color and presence of
lesions. The dentition is inspected for carries.
Buccal and gingival mucosa are evaluated for
color, presence of lesions, and hypertrophy. The
tongue is evaluated for lesions, fasciculations,
and mobility. The uvula is inspected for position
and mobility. The tonsils are inspected for size,
color, and the presence of inflammation.

The Neck

The neck is examined for range of motion and
the presence of pain. Obvious deformities such
as high riding shoulders and torticollis are easily
identified. The cervical, submental, and supra-
clavicular lymph nodes are palpated for size,
mobility, and tenderness. The trachea should be
in midline. The thyroid should be smooth, sym-
metrical, and nodule-free. The carotid arteries are
usually not palpated in children.

The Chest and Lungs

The chest is inspected for symmetry and obvi-
ous deformities such as pectus excavatum and
carinatum. Breath sounds over the large airway
passages and the periphery are evaluated by aus-
cultation. Percussion and evaluation for fremitus
are performed as indicated.

The Heart

The heart is examined for rate and rhythm. S1
and S2 should be easily heard. Other adven-
titious sounds such as S3 and S4, opening
snaps, and ejection clicks should not be heard.
Murmurs are occasionally heard and their sig-
nificance depends on their volume, frequency,
and location. Frequently, on inspiration, S2 is
split at the base. This is not considered patho-
logical in most cases.

The Abdomen

The abdomen should be inspected visually first.
The umbilicus should be midline. The presence
of surgical scars and abnormal venous patterns
should be noted. Next should come auscultation
of bowel sounds, the renal arteries, the aorta, and
common iliac arteries. Percussion and palpation
should always follow auscultation. Superficial
and deep palpation is performed to detect masses
and the position of the liver and spleen.

The Spine

The child stands with his back to the examiner.
The spine should be straight and the shoulders
level. The iliac crests should be level, the natal
cleft vertical, and the inferior gluteal folds at
the same level. The back is examined for mid-
line lesions such as hair patches, dimples, lipo-
mas, and hemangiomas that might suggest cord
pathology. The child is then examined from the
side noting the amount of thoracic kyphosis and
lumbar lordosis.

The Upper Extremities

The upper extremities should be evaluated for
skin and nail lesions, joint tenderness, range of
motion, tone, and muscle strength. Obvious skel-
etal deformities are also noted.

The Neurological Examination

The general neurological examination begins
with an assessment of cognitive function.
Interaction with the examiner, degree of alert-
ness, and orientation in space and time are all
easy observations to make.

The cranial nerve should be grossly tested
(Table 1.5).

Gait should be evaluated for the overall pat-
tern (full-flat toe-off, heel to toe, toe to heel,
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Table 1.5 Cranial nerves

Cranial nerve I  Olfactory nerve and tract
Test: sense of smell
Optic nerve and tract
Test: visual acuity

Test: Perimetry

Oculomotor, trochlear, abducens

Cranial nerve II

Cranial nerves
IIL, TV, Vi
Test: finger following for ocular
muscle movement

Test: accommodation

Test: light reflex

Test: consensual light reflex
Trigeminal

Test: sensation

Test: corneal reflex

Test: chewing to evaluate masseters

Cranial nerve V

Cranial nerve Facial
VIl
Test: smile, whistle
Test: taste
Test: facial symmetry
Cranial nerve Acoustic

VIII
Test: hearing acuity
Test: Webber and Rinne tests
Test: vestibular tests

Cranial nerve IX Glossopharyngeal
Test: gag reflex
Cranial nerve X Vagus

Test: sensory exam of pharynx

Test: carotid sinus reflex

Spinal accessory

Test: shrug shoulders and rotate head
Test: observe muscle symmetry
Hypoglossal

Cranial nerve XI

Cranial nerve
XII

Test: examine tongue for symmetry,
atrophy, tremors

and toe-toe). The direction of the foot to the line
of progression should also be noted. Balance,
unusual movement patterns, muscle shape, bulk,
and strength all round out the general motor por-
tion of the examination.

The sensory examination includes evaluation
of sharp dull, two-point, hot/cold, and vibration.
Position in space and time and balance using the
Romberg test identify posterior column lesions.

Upper and lower deep tendon reflexes and
search for pathological reflexes round out the
neurological examination. Superficial reflexes
are evaluated as indicated (Table 1.6).

Tonic and positional reflex patterns are eval-
uated as indicated. These are summarized in
Table 1.7.

Table 1.6 Superficial reflexes

Corneal Cranial nerves V and VII
Gag reflex Cranial nerves IX and X
Upper abdominal T7,8,9, 10

Lower abdominal T10, 11, 12

Cremasteric L1

Plantar S1,2

Table 1.7 Postural reflexes

Flexor withdrawal

Positioning: Patient supine, head midline, legs extended
Stimulus: Stimulate sole of foot

Abnormal response: Massive flexion of tested extremity
Involution: Age 2 months

Extensor thrust

Positioning: Patient supine, head midline, one
extremity extended, the other flexed

Stimulus: Stimulate sole of flexed foot

Response: Extension of stimulated leg

Involution: Age 2 months

Asymmetrical tonic neck

Positioning: Patient supine, head midline, extremities
extended

Stimulus: Turn head to one side

Response: Extension of limbs on face side, flexion of
limbs on occipital side

Involution: Age 4—6 months

Symmetrical tonic neck

Positioning: Patient prone over examiner’s knees
Stimulus: Ventroflex head

Response: Arms flex, legs extend

(opposite response when head is dorsiflexed)
Involution: Age 4—6 months

Supporting reaction

Positioning: Support patient in standing position
Stimulus: Bounce patient on soles of feet

Response: Increased leg extensor tone, plantarflexion
of feet

Involution: Age 4 months

Neck righting
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Table 1.7 (continued)

Positioning: Patient supine, head midline, extremities
extended

Stimulus: Turn head to one side

Response: Total body rotation in direction of head
rotation

Involution: Age 6 months

Moro

Positioning: Patient supine, limbs extended

Stimulus: Sudden noise, movement of exam table, head
drop from 1-2 inches

Response: Abduction, extension, movement of limbs to
midline

Involution: Age 4 months

Stepping reflex

Positioning: Patient suspended

Stimulus: Dorsum of foot touches underside of
examining table

Response: Flexion of knee and hip

Involution: Age 4-5 months

Parachute reflex

Positioning: Infant suspended prone

Stimulus: Sudden lowering toward table

Response: Extends arms and legs

Involution: Persists throughout life

The Lower Extremity Examination
The Skin

In the absence of disease, the child’s skin is
normal in color. Local erythema usually means
inflammatory disease such as infection in the
form of cellulitis. Any inflammatory disease of
the skin and articulations can produce erythema.
Other color changes such as rubrocyanosis are
signs of vasomotor instability. For instance, uni-
lateral rubor is frequently associated with chronic
regional pain syndrome. Generalized pallor
may be associated with anemia, blood loss, and
impending shock.

Diaphoresis can be seen in otherwise normal
children. It is usually symmetrical in both upper
and lower extremities. Changes associated with
a single extremity suggest vasomotor instability.
Excessive perspiration may lead to contact der-
matitis and other forms of skin disease. When
it occurs in conjunction with verruca, it is often
associated with mosaic types that are difficult to
manage.

Skin temperature is normally cooler distally
becoming warmer moving in a proximal direc-
tion and should be comparable from side to side.
Unusual gradations in temperature may also be a
sign of vasomotor instability.

Superficial veins are commonly seen but
should be barely noticeable and not tortuous.
Focal aggregates of superficial veins or viola-
ceous skin masses may represent hemangiomas.

Certain skin lesions suggest specific sys-
temic diseases. These include café au lait spots
seen in neurofibromatosis, hemangiomas that
can be associated with Sturge- Weber syndrome,
midline spine lesions associated with various
forms of spinal dysraphisms, linear sebaceous
nevi, periungual fibromas associated with tuber-
ous sclerosis, and unilateral hemangiomas with
overgrowth of the part characteristic of Klippel-
Trenaunay syndrome (Fig. 1.1a—c).

Nail changes are particularly difficult to evalu-
ate since so many diseases appear similar. These
include thickening of the nails, discoloration of
the nail surfaces, mycotic changes, and infections.
Onychomycosis is relatively common. However,
not every nail that is discolored, furrowed, frag-
mented and associated with subungual debris is a
mycosis. Differential diagnoses include Darier’s
disease, pachyonychia congenita, nail changes
associated with thyroid disease, contact dermati-
tis, eczema of the nail bed, lichen planus, psoria-
sis, traumatic nail disease, and yeast infections.

A variety of nevi are seen regularly on the
lower extremities. These include compound nevi,
junctional nevi, and dysplastic nevi. Size, con-
sistency of color, elevation, and definitions of
the margins are critical factors in diagnosis and
decision-making. Lesions in inaccessible loca-
tions or in areas difficult to monitor should be
excised because they may undergo transformation
without the patient aware that this is happening.

Peripheral Vascular Examination

With the exception of congenital vascular anom-
alies, peripheral arterial and venous diseases are
extremely rare in childhood. Lymphatic abnor-
malities are the exception to this rule.
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Fig. 1.1 (a—c) Certain skin lesions strongly suggest spe-
cific systemic diseases. Café-au-lait lesions (a) are the
cutaneous manifestations of neurofibromatosis. Hair
patches (b) and other midline spinal lesions suggest

underlying neural tube abnormalities. Hemangiomas (c)
with overgrowth of the part are seen in diseases such as
Klippel-Weber-Trenaunay syndrome
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Fig. 1.2 The dorsalis pedis pulse is best palpated using
the contralateral hand and placing the tips of the fingers
over the course of the artery

The assessment begins with an evaluation of
the skin color, temperature, and status of the skin
and appendages. Capillary fill time is measured
in seconds. The most important observation is
palpation of the arteries.

The Dorsalis Pedis

The dorsalis pedis is usually easily palpable on the
dorsal aspect of the foot in infants and children. The
examiner palpates the dorsum of the foot with the
contralateral hand placing the flats of the finger tips
in the area of the artery and then gently compress-
ing the skin until the pulsation is felt (Fig. 1.2).

In some children, the dorsalis pedis does not
arise from the anterior tibial artery and may either
be palpated as retrograde flow from the plantar or
it may come from the perforating peroneal artery.
Anterior tibial artery variations occur in approxi-
mately 80-90% of patients with idiopathic tali-
pes equinovarus. In some cases, the anterior tibial
artery ends above the malleoli, while in others, the
anterior tibial artery may be anomalous at any point
up to the trifurcation of the popliteal artery [2, 3].

The Posterior Tibial Artery
The posterior tibial artery may be difficult to pal-

pate in young children. This does not infer vascular
pathology, and the artery can easily be identified

Fig. 1.3 The posterior tibial artery is best palpated using
the contralateral hand and placing the tips of the fingers
below the medial malleolus. Firm pressure is applied and
slowly released until the pulsation is felt

with Doppler. The examiner inspects each foot by
using the contralateral hand. The thumb is placed
along the lateral and plantar side of the foot, and
the fingers extend over the tarsus to allow the tips
of the fingers to pass below and proximal to the
medial malleolus. Pressure is applied and then
slowly relaxed until the pulse is felt (Fig. 1.3).

Posterior tibial artery variations are reported
both in talipes equinovarus and congenital con-
vex pes valgus and other congenital deformities
[4-7].

The Popliteal Artery

The popliteal artery can be palpated with the child
in either the supine or the prone position. In the
supine position, the examiner places the thumbs
along the patella and the fingertips meet in midline
in the popliteal space. Pressure is applied in order
to compress the popliteal artery against the poste-
rior femur or the posterior tibia and then slowly
released until the pulsation is felt (Fig. 1.4a).
Alternately, the patient is placed in the prone posi-
tion and the knee slightly flexed. The popliteal
artery is felt in the popliteal space (Fig. 1.4b).

The Femoral Artery

The femoral artery is palpated in the groin.
Since this is regarded as a central rather than
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Fig. 1.4 (a, b) The popliteal artery can be palpated in two
ways. The examiner places each thumb along the patella
and his fingertips meet in the popliteal space (a). The artery
is compressed against the posterior surface of the upper

tibia until the pulse is felt. Alternately, the child is placed
prone (b), the knee is flexed slightly, and the examiner’s
fingers compress the artery deep in the popliteal space. The
popliteal lymph nodes are palpated at the same time

Fig. 1.5 On the left side, the positions of the femoral
nerve (N), femoral artery (A), and femoral vein (V) are
indicated. On the right side, the solid arrow points to the
superficial inguinal lymph nodes and the open arrow to
the superficial subinguinal lymph nodes

peripheral artery, it is a vessel of choice in emer-
gency assessment in infants and young children.
It is palpated directly below the inguinal liga-
ment. The location of the femoral artery with
respect to the nerve and vein should be recalled.
The most lateral structure is the femoral nerve.
Immediately medial to it is the femoral artery
and medial to the artery is the femoral vein
(Fig. 1.5). A simple technique for locating the
femoral artery is to stand to the lateral of the
child. On the right side, the examiner places the
thumb of the left hand on the anterior superior
iliac spine and the long finger on the symphy-

Fig. 1.6 The femoral artery is quickly located by placing
the contralateral thumb on the anterior superior iliac spine
and the long finger on the symphysis pubis. The index fin-
ger drops to the groin and usually is directly on the femo-
ral artery. The procedure is reversed for the opposite side

sis pubis. The index finger drops to the groin
and in most cases will be directly on the femoral
artery. The procedure is reversed for the left side
(Fig. 1.6).

The Lymphatics

The superficial inguinal, superficial subingui-
nal, and popliteal nodes are the three groups of
lymph nodes accessible in the lower extremity.
The superficial inguinal nodes lie just distal to the
inguinal ligament and drain the perineum, male
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and female genitalia, buttocks, and abdominal
wall below the umbilicus. The superficial subin-
guinal nodes lie on either side of the proximal
portion of the saphenous vein and largely drain
the lymphatics of the lower extremity (Fig. 1.5).
The popliteal nodes drain the lymphatics follow-
ing the anterior and posterior tibial arteries.

The superficial inguinal nodes are palpated
just below the inguinal ligament close to mid-
line, and the superficial subinguinal nodes are
palpated in the femoral triangle. Given the areas
of their lymphatic drainage, nodes are often
palpable in healthy infants and children. They
should be small, freely movable, and painless
to palpation. Since the popliteal nodes are in an
area of considerable amounts of fat, they are not
routinely identified on examination of healthy
children.

General Inspection of the Lower
Limbs

Visual inspection is performed with emphasis
on limb length, muscle size, and anatomical
position of the parts. Difference in limb length
and transverse diameter may be very obvious
and associated with other limb abnormalities.
More often, the difference is less obvious and
noticeable only when the posterior pelvic land-
marks are asymmetrical in stance or with spe-
cial limb positioning (Allis or Galeazzi tests).
Atrophy of the muscle is easily identified by
simple visual inspection, although it may be
difficult to distinguish mild muscle atrophy
from mild muscle hypertrophy. Bowing of the
lower extremities can be appreciated by evaluat-
ing the relationship of the medial femoral con-
dyles and the malleoli. Tibia varum is identified
when the malleoli touch and the medial knees
are separated. Genu valgum occurs when the
medial knees touch and the malleoli are sepa-
rated. These can be quantified by measuring the
separation in inches or centimeters, or the angle
formed by the axes of the femur and tibia can
be measured. The position of the patellaec and
the position of the foot on the lower leg are also
easily seen on simple inspection.

Enlargements of a limb can be identified by
comparing one side to the other. This could rep-
resent simple edema. It may be pitting or brawny.
Edema can have inflammatory causes but could
also be caused by lymphatic obstruction and hypo-
plasia. These latter include Milroy’s disease and
lymphedema praecox. Arteriovenous malforma-
tions can also produce edema. Hemihypertrophy
and hemiatrophy must also be considered in the
differential diagnosis. Comparison of the upper and
lower limbs may help determine whether an indi-
vidual limb is increased in size or the opposite limb
is hypoplastic. Hypertrophy of the lower limb can
be associated with macrodystrophis lipoidicum,
muscular hypertrophy, and other forms of focal or
regional gigantism. Hemiatrophy is seen in muscle
wasting disease, denervation, and congenital anom-
alies such as talipes equinovarus, tethered cord, and
other issues characterized by denervation (Fig. 1.7).

The Evaluation of Gait

The human walking pattern evolves from toddlers
to childhood and depends both on neurological
maturation and learned behavior. Toddlers walk
with wide ankle separation and external rotation
to expand the base of support. The initial gait
pattern is full-flat toe-off with exaggerated knee
and hip flexion for foot clearance during swing
phase. The heel toe pattern develops around age
2 and persists throughout life. The foot progres-
sion angle is also evolving, starting out with wide
external rotation and becoming less as the child
approaches age 2 years. The gait pattern can be
modified by neurological dysfunction in the form
of movement disorder, static limb abnormalities,
or combinations of both.

The gait laboratory may be useful for pin-
pointing gait abnormalities, but much diagnos-
tic information can be acquired through simple
observation in the clinic by viewing the patient
walking to and fro and from side to side. The
gait evaluation should be performed with the
least amount of clothing on the child as condi-
tions allow. Evaluation should be done with and
without shoes. The key elements are the position
of the foot to the line of progression, malleolar
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Fig. 1.7 (a, b) Limb hypertrophy and atrophy can usu-
ally be identified by simple inspection. Hypertrophy (a)
can be seen in the thigh, calf (arrow a), and the foot (arrow

separation in stance and gait (the angle and base
of gait), stability, and the swing-stance patterns.

Foot Progression Angle

With the exception of adduction and abduc-
tion deformities in the foot such as pes cavus,
metatarsus adductus, and forefoot abduction,
abnormal foot progression angles are almost
always supramalleolar in origin. Simple inspec-
tion identifies foot issues, and they are unlikely
causes of intoeing or outtoeing noted while the
child is wearing shoes. Further, intrinsic foot
abnormalities are usually identified and treated
successfully in infancy before the child begins to
walk. Abnormalities in tibial torsion and femoral
antetorsion (femoral anteversion) account for the
majority of intoeing and outtoeing gait abnormal-
ities in late toddlers and children.

b). Atrophy (b) in the calf (arrow c) and a small foot
(arrow d) is seen in many skeletal conditions such as tali-
pes equinovarus

Intermalleolar Distance

The amount of malleolar separation is a function
of age. Toddlers as they begin to walk have tibia
varum, bringing the malleoli close together while
the knees are separated. This may be partially
hidden by abduction of the limbs in the toddlers
in order to provide some degree of additional sta-
bility. As the child ages, the tibia varum, which
is physiologic in toddlers, gives way to genu val-
gum. This separates the malleoli when the knees
just touch.

Stability in Gait

Stability in gait is a function of neurological
maturation. Toddlers just beginning to walk are
externally rotated with a wide base of gait. This
balances the center of gravity over a larger sur-
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face area. Stability requires normal neurological
function. As central nervous system myelination
progresses, gait becomes more refined and sta-
ble. The degree of stability is also influenced by
inverter-everter control and hip and trunk stabil-
ity. As examples, peroneal muscle weakness may
result in inappropriate inversion during stance.
Weakness of the gluteus medius will result in
joint instability and a Trendelenburg gait.

Stance and Swing

The relative ratios of stance and swing phases
are easily evaluated. Abbreviated stance phase
is almost always the result of pain in the limb
and reflects the need to unload the painful limb
by shortening stance phase, inappropriate knee
extension, and early heel off. This is referred
to as the antalgic gait pattern. It may be caused
by pathology anywhere in the lower extremity.
Children from the toddler stage even up to age 8 or
9 may identify the location of the pain quite some
distance away from the actual source (referred
pain). As an example, pain originating at the level
of the hip is often referred to the medial knee. The
examination of the extremity must include at least
two joints above the apparent source of the pain.

Toddlers beginning to walk demonstrate
exaggerated hip and knee flexion during swing.
Stance phase begins with a full flat pattern fol-
lowed by toe off at the end of stance [8]. As the
child approaches age 2, the pattern becomes more
mature with a distinct heel contact followed by
full flat and toe off resembling adult gait.

There is no period in the development of gait
when toe to toe walking is considered develop-
mental and physiologic [8]. Variations from nor-
mal include premature heel off, toe to toe pattern,
and toe to heel pattern. Premature heel off is often
a finding of mild equinus deformity restricting
full ankle dorsiflexion. Abnormal pronation is a
compensatory mechanism allowing the heel to
come closer to the ground during the early part
of stance. Toe to toe pattern almost always occurs
in association with severe fixed equinus. A toe to

heel pattern results from weakness in the anterior
compartment muscles resulting in drop foot.

The Lower Extremity Examination

The first part of the examination is visual inspec-
tion to identify obvious deformity of the lower
extremities. These include abnormal digit posi-
tion, forefoot adduction or abduction, medial col-
umn sag, prominent medial talar head, inverted
and everted heel, unusual ankle positions, tibia
varum, genu valgum, and difference in limb
length. This is followed by measuring the lower
extremity ranges of motion for both diagnostic
and clinical decision-making.

Palpation for pain and edema are next.
Localized edema and erythema associated with
pain are the first indicators of local articular dis-
ease, joint sepsis, systemic disease, and trauma.
Beginning with the distal interphalangeal joints,
the entire lower extremity is palpated for local
findings and range of motion.

Forefoot Ranges of Motion

Hallux range of motion is measured with the foot
both on and off-weight-bearing looking for pain
and restricted joint mobility. The procedure is
repeated for the lesser digits.

In the absence of ligamentous laxity, there
is little midfoot range of motion available, but
the examiner may identify dorsiflexion or plan-
tarflexion of the first ray which usually signifies
some sagittal plane abnormality of part of the
medial column.

Subtalar Range of Motion

Subtalar and ankle ranges of motion are critical
to the diagnosis and treatment plans for most of
the major foot and ankle deformities.

There are several methods for measuring
subtalar range of motion, but the simplest tech-
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Fig. 1.8 (a—c) Subtalar range of motion is best measured
with the child prone. The axis of the tibia is the proximal
reference and the calcaneal bisection the distal reference.

nique is to place the child prone and measure
the line of the heel bisection against the long
axis of the tibia. When the heel bisection is
in the same plane as the tibial bisection, this
is interpreted as zero. Maximal inversion and
eversion from that point are measured and
recorded (Fig. 1.8). At the same time, the exam-
iner estimates the amount of plantarflexion and
dorsiflexion of the foot that occurs during mea-
surement of subtalar range. This helps deter-
mine the orientation of the subtalar joint axis.
Greater dorsiflexion and plantarflexion during
this portion of the examination suggest a higher
than normal position of the subtalar joint axis.
More horizontal axes will show little foot dor-
siflexion and plantarflexion.

There are many issues with trying to define
and determine subtalar joint neutrality. The
range of motion is more important. Normal com-
fortable subtalar function in children seems to
occur around the vertical heel. Most symptoms
occur when children function near, at, or in some

Inversion (supination) is measured (a), the heel bisection
is in the same position as the tibial axis (b), and eversion
(pronation) is measured (c)

cases slightly beyond the normal range of heel
eversion.

Values obtained during measurements are
both operator and instrumentation variable. A
good rule of thumb for pediatric patients is 30° of
inversion and 10° of eversion.

Forefoot to Rearfoot Relationship

Forefoot to rearfoot relationship is evalu-
ated by determining the plane of the forefoot
through the first metatarsal and fifth metatar-
sal heads and comparing it to the bisection of
the heel (Fig. 1.9). Varus relationship of the
forefoot usually indicates some dorsiflexion
in the medial column between the navicular,
the cuneiforms, and the first metatarsal base.
Plantarflexion of the medial column produc-
ing a valgus forefoot-to-rearfoot relationship is
usually associated with some degree of cavus
deformity.
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Fig. 1.9 Forefoot varus and valgus are best measured
with the child prone. A line passing along the first and fifth
metatarsal heads is measured against the calcaneal
bisection

Ankle Range of Motion

Abnormal ankle range of motion is a component
of many foot deformities. Like subtalar range
of motion measurements, the results are both
examiner and instrument dependent. Some stan-
dardization of the technique is necessary, and it
is recommended to follow the physical therapy
literature by measuring ankle dorsiflexion and
plantarflexion with the heel bisection parallel
with the axis of the tibia. Although this is some-
what artificial, any error in the technique will be
canceled out, since it is applied to all patients the
same way. Dorsiflexion of the ankle in maximal
pronation produces more motion because the
subtalar joint pronation allows the lateral margin
of the foot to dorsiflex. Conversely, measurement
with the rearfoot inverted will decrease the range
of ankle joint motion.

The technique is best performed with the
patient in the prone position. The calcaneal bisec-
tion is placed in the same plane as the tibial bisec-
tion and ankle dorsiflexion is measured using the
lateral margin of the foot and the axis of the fib-
ula as the references. This is performed first with
the patient allowing passive range of motion and
again with the patient assisting in dorsiflexion.
Plantarflexion is measured the same way.

Dorsiflexion range of motion is first mea-
sured with the knee in the extended position
(Fig. 1.10a) and again in the flexed position
(Fig. 1.10b). Since the gastrocnemius takes
much of its origin from the posterior condyles of
the femur above the level of the knee joint, flex-
ing the knee effectively lengthens the gastrocne-
mius muscle allowing evaluation of the soleus.
This is the basis of the Silfverskiold test to be
discussed later.

Dorsiflexion ranges of motion vary from
patient to patient, but the examiner should
expect at least 10° with the knee in extension
and as much as 20° with the knee in flexion.
Exaggerated range of motion occurs with liga-
mentous laxity.

The Silfverskiold test clarifies the anatomical
nature of equinus deformity [9]. By evaluating
the range of motion at the ankle with the knee
in the extended and flexed position, the vari-
ous components of the triceps mechanism can
be evaluated for contracture (Fig. 1.11a—d). Ten
degrees of dorsiflexion in knee extension and 20°
of knee flexion is a normal range of motion for
most children and indicates the absence of ankle
joint equinus.

Limitation of ankle dorsiflexion to neutral or
below in knee extension followed by additional
dorsiflexion to near normal with the knee flexed
implicates the gastrocnemius component as the
contracted portion. If surgical intervention is
indicated, some form of gastrocnemius lengthen-
ing is the procedure of choice.

Inadequate ankle dorsiflexion with the knee
extended and flexed implicates both the gastroc-
nemius and the soleus components, but with this
test, it is impossible to further isolate the gastroc-
nemius component.
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This interpretation of the Silfverskiold test is
only valid for neurologically normal children. Of
interest, Silfverskiold’s original article dealt with
children who were not neurologically normal [9].
The neurologically abnormal child, especially in
the presence of spasticity, is interpreted differ-
ently. In some cases, the issue is really hyper-
tonicity. Tone is modified by the position of the
more proximal joints and decreases distally per-
mitting more motion. The result could be misin-
terpreted, since flexing the knee might decrease

tone enough in the leg to erroneously indicate the
need for gastrocnemius lengthening alone.

Other factors can impact ankle range of
motion. Cavus deformities restrict ankle joint
motion because the plantarflexion of the fore-
foot against the rear foot raises the talus higher
in the ankle mortise. When the range of motion
is evaluated, the talar neck abuts against the ante-
rior tibia, producing a “bony block” equinus.
Alterations in the talar dome can produce a simi-
lar restriction of motion by flattening down the

Fig. 1.10 (a, b) Ankle dorsiflexion is best measured with the child prone and the heel bisection in the same plane as
the tibial axis. Ankle dorsiflexion is first measured with the knee extended (a) and repeated with the knee flexed (b)

Fig. 1.11 (a—d) The Silfverskiold test is used to deter-
mine which component of the triceps mechanism contrib-
utes most to ankle equinus. Ankle dorsiflexion with the
knee first extended and then flexed (a, b) show limited
dorsiflexion in extension but more dorsiflexion with the

knee flexed — implicating the gastrocnemius as the cause.
Ankle dorsiflexion is abnormal in both positions (¢, d)
suggesting the soleus (and possibly also the gastrocne-
mius) as the cause
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Fig. 1.11 (continued)

talar articular surface. This is a common compli-
cation following operative treatment for talipes
equinovarus (Fig. 1.12).

The Relationship of the Knee Axis
to the Ankle Axis (Tibial Torsion)

Most physicals are performed in the examin-
ing room. There is limited equipment available.
Consequently, simple cost-efficient techniques
are desirable. Although there are sophisticated
tools available for measuring tibial torsion, they
are impractical for most examinations because of
the cost in medical resources [10-23] as well as
the amount of radiation involved [24, 25].

In infancy, the ankle axis is internally rotated
to the knee axis, which progressively externally
rotates with age so that by approximately age
5, the ankle axis should be externally rotated
15-20° to the knee axis. The knee axis is easy to
define, and simple flexion and extension of the

knee will give the examiner the visual cue needed
to establish that reference. The ankle axis, on
the other hand, has no regularly occurring ana-
tomical landmarks. Flexion and extension of the
ankle does not define the axis. It has become the
standard to use a line passing between the tips
of the medial and lateral malleoli instead. This
line does not correspond to the true ankle joint
axis and there is considerable debate about the
relationship. However, it will suffice for clinical
measurement of tibial torsion.

The relationship between the knee and the
ankle axis is determined by placing the child
supine on the examining table. The hip is flexed
at right angles to the trunk. Knee extension and
flexion is ranged, and the femur is moved medi-
ally and laterally until the tibia is extending and
flexing in the sagittal plane of the body, position-
ing the knee axis in the plane of the examining
table. The tibia is gently externally rotated just to
resistance, and a gravity goniometer or any other
suitable device is placed on the tips of the medial
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Fig. 1.12 (a, b) Flattening of the talar dome restricts
ankle motion. This may produce anatomical equinus (the
heel is off the weight-bearing surface in a) or restriction

and lateral malleoli. The relationship of the ankle
axis to the knee axis is measured directly in
degrees (Fig. 1.13).

Flexion and Extension of the Knee

The normal knee hyperextends about 5° and
flexes to the limits allowed by the posterior calf
pressing against the posterior thigh (Fig. 1.14a,
b). When the knee is fully extended, the tibia
is locked in external rotation against the femur.
When the knee is flexed, there is much more
transverse plane rotation within the knee joint
itself.

The Popliteal Angle

The popliteal angle is measured with the hip
flexed at 90°. The knee is extended as much as

both due to flattening of the talar dome and forefoot equi-
nus or cavus (b)

possible. The angle formed by the axis of the tibia
and the axis of the femur is measured as the acute
angle (Fig. 1.15). Many physical therapists report
the popliteal angle as the obtuse angle. This could
cause some confusion between specialties. This
test best identifies hamstring contracture. Large
popliteal angles are also seen in conditions such
as spondylolisthesis, lumbosacral inflammatory
disease, and neuromuscular diseases producing
contractures.

Coronal or Frontal Plane Association
of the Tibia to the Femur

The normal infant tibiofemoral relationship is usu-
ally a varus angle (colloquially referred to as bow
legs). The malleoli are in contact, but the medial
femoral condyles are separated. As the infant
matures, the tibiofemoral relationship reverses so
that the medial femoral condyles touch and the
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malleoli are separated (knock knees in lay terms).
In both cases, the limbs should be symmetrical.
Assigning numerical values to these two condi-
tions without radiographs is difficult. A rough
measurement can be made by deep palpation of the

Fig. 1.13 Measuring tibial torsion by the transmalleolar
axis technique. The child is placed supine. The knee and
hip are flexed to 90°. The femur is placed vertical and the
tibia externally rotated just to resistance. The arms of the
goniometer are placed on the medial and lateral malleoli
and the rotation is measured directly

femur and tibia then placing the arms of a goniom-
eter on the two structures (Fig. 1.16). For a more
simple reference, the intermalleolar distance or
the distance between the femoral condyles can be
measured and recorded in centimeters (Fig. 1.17).
Unilateral tibia varum should raise the question of
Blount’s disease. Symmetrical deviations in either
direction outside of the normal range are findings
associated with rickets. Radiographs of the knees
are needed to further define the differential diag-
nosis between these two.

Ranges of Motion of the Hip

These include internal-external rotation, abduction-
abduction, and flexion-extension.

Fig. 1.15 The popliteal angle. The child is placed supine
and the knee and hip are flexed to 90°. The knee is gradu-
ally extended to resistance and the acute angle made by the
axes of the tibia and femur is recorded as the popliteal angle

(a, b) The axes of the tibia and femur are used to measure knee motion in extension (a) and flexion (b)
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Fig. 1.16 The tibiofemoral angle can be measured by
palpating the shafts of the tibia and femur. The arms of a
goniometer are placed over them and the angle measured
directly in degrees

Internal and External Rotation

Internal and external rotation should be mea-
sured first with the hip in full extension and then
again with the hip flexed 90° on the trunk. When
measuring the range of motion in hip extension,
the posterior femoral condyles are used as refer-
ence. When the transcondylar axis (a line along
the posterior surfaces of the femoral condyles) is
in the frontal plane, hip rotation is in the neutral
position for the purpose of measurement. Internal
and external rotation of the hips should be per-
formed on both sides at the same time in order to
stabilize the pelvis and prevent inadvertent pelvic
rotation that could affect amount of the true range
of motion. The pelvis is first leveled, the hips are
internally rotated together, and internal rotation
of each of the transcondylar axes is measured
with an appropriate instrument. External rotation
is performed in the same manner (Fig. 1.18).

Fig. 1.17 A second method is to measure the intermal-
leolar distance in inches or centimeters when the knees
just touch in genu valgum or the distance between the
knees when the malleoli touch in tibia varum

Alternatively, the child can be placed prone on
the examining table and the knee flexed at right
angles while the hip remains extended. The sag-
ittal plane becomes the reference. Movement of
the tibia laterally internally rotates the hip and
moving medially externally rotates the hip. The
angles are measured in reference to the sagittal
plane (Fig. 1.19).

Hip rotation is repeated with the hips and
knees each in 90° of flexion. The child is placed
supine on the examining table and the pelvis
is leveled. Both limbs are internally rotated at
the same time. The tibia becomes one refer-
ence point and the sagittal plane of the body
the second. A goniometer is placed on the tibia
and the other arm is placed in the sagittal plane.
The procedure is reversed for external rotation
(Fig. 1.20).
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Fig. 1.18 Hip rotation in extension (a) and flexion (b) is measured and then recorded directly in degrees with an appro-
priate instrument (c)

Fig. 1.19 Hip rotation in extension can be measured in the prone position using the axis of the tibia as the reference.
(a internal rotation; b external rotation)
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Fig. 1.20 Hip rotation in flexion is measured placing the child supine and the hips and knees flexed to 90°. (a internal

rotation; b external rotation)

Adduction and Abduction

Abduction and adduction of the hip are measured
first with the hip in extension and then in flexion.
For abduction in hip extension, both femurs are
abducted to resistance. The angle formed between
the two femurs is the perineal angle in extension
(Fig. 1.21). The hips are then flexed at 90° and
the femurs abducted at the same time. The angle
between the two femurs is the perineal angle in
flexion (Fig. 1.22). In both positions, the angles
between the two femurs and the sagittal plane
should be symmetrical. Asymmetry in either of
these two angles is usually the result of adduc-
tion contracture or subluxation/dislocation of one
or both hips.

Adduction in extension and flexion perfor-
mance is more problematic. In extension, it is
necessary to move the side not being tested into
abduction in order to allow the tested side to
move past midline. The same thing is true in the
flexed position (Fig. 1.23a, b).

Fig. 1.21 Hip abduction in hip extension. The child is
placed supine and the hips are abducted to resistance. The
total angle is recorded as the perineal angle in extension.
Each hip can be measured separately using the sagittal
axis of the body as the reference

Hip Extension and Flexion

Hip extension is measured with the patient in the
prone position. The examiner places his hand on
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the lumbar spine and the sacrum to stabilize the
pelvis and detect any increase in lumbar lordo-
sis from pelvic rotation during the test that could

Fig. 1.22 Hip abduction in flexion. The child is placed
supine with the hips and knees flexed at 90°. The hips are
abducted to resistance and the angle is recorded as the
perineal angle in flexion. Each hip can be measured in ref-
erence to a vertical axis

erroneously be interpreted as hip extension. The
hip is extended at the hip joint. When the hip
extension is complete, additional effort rotates
the pelvis in the sagittal plane, and the examiner’s
hand on the lumbosacral spine senses rotation of
the pelvis. This marks the endpoint (Fig. 1.24a).

In some cases, there may be excessive lum-
bar lordosis that can mask hip flexion contracture
and lead to erroneous interpretation. To correct
for this, Staheli modified the maneuver by allow-
ing both lower limbs to drape over the end of the
examining table [26]. This flattens out the lum-
bar lordosis and will unmask a hidden hip flexion
contracture (Fig. 1.24b).

Hip flexion contracture is identified by the
Thomas test. The patient is supine on the exam-
ining table. Both lower limbs are placed in the
knee-chest position, and the limb to be tested is
slowly extended and the knee allowed to extend.
If the thigh can reach the examining table sur-
face, there is no hip flexion contracture. If it does

Fig. 1.23 (a, b) Hip adduction in flexion and extension. The left hip is adducted while the right thigh is moved out of
the way to allow the left to clear midline (a). The left hip is adducted with the hip and knee flexed at 90° (b)
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Fig. 1.24 (a, b) Hip extension is measured with the child
prone and the limb to be tested extended (a). Staheli’s
modification is demonstrated in (b). The opposite leg is

Fig. 1.25 (a, b) The Thomas test. The test begins with
both lower limbs in the knee-chest position. The limb to
be tested is extended at the knee and hip. In the absence of

not, hip flexion contracture is present, and the
angle that the thigh makes with the examining
table is recorded as the angle of flexion contrac-
ture (Fig. 1.25).

Abduction contracture of the hip is rarely
seen, but the Ober test identifies it. The patient
is placed on the contralateral side to be tested.
Both hips and knees are flexed to 90 degrees.
The hip to be tested is extended both at the hip
and knee, and the limb should cross midline.
Abduction contracture prevents this. The proce-
dure is repeated on the opposite side (Fig. 1.26).

Rectus femoris contraction is identified with
the Ely test. The patient is placed prone and the
knee is flexed. In the absence of contracture, the
tibia can be brought close to the posterior thigh.

draped over the end of the examining table (arrow). Note
that the lumbar lordosis under the examiner’s hand has
flattened out

hip flexion contracture, the limb should rest on the exami-
nation table (a). In hip flexion contracture, the limb cannot
come down to the table (b)

If negative, the pelvis does not rotate. When posi-
tive, the pelvis rotates in the sagittal plane, the
lumbar lordosis is exaggerated, and the buttock
rises (Fig. 1.27).

The Ryder Maneuver

The relationship between the proximal femur
and the distal femur influences the position
of the remainder of the lower extremity in the
transverse plane when the femoral head is in its
functional position in the acetabulum. Although
there are sophisticated radiographic techniques
for measuring the angle between the head-neck
axis and the knee axis, Ryder developed a simple
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Fig.1.26 (a, b) The Ober test. In the absence of abduction contracture, the limb to be tested should adduct past midline
(a). In the presence of abduction contracture, the tested limb cannot cross midline (b)

Fig. 1.27 (a, b) The Ely test. The child is placed prone.
In the absence of rectus femoris contracture, the knee can
be fully flexed without altering the lumbar spine position

clinical measurement [27]. The patient is placed
supine on the examining table. The examiner
palpates the greater trochanter and internally
and externally rotates the femur in the acetabu-
lum several times until the contour of the greater
trochanter can be identified under the examiner’s
hand. Once the examiner feels that he has leveled
the head-neck axis in the plane of the examining
table, the amount of internal (or, in rare cases,
external) rotation of the knee in the transverse
plane is the angle between the proximal and dis-
tal landmarks of the femur (Fig. 1.28).

The test can also be performed with the child
prone and the knee flexed while the hip remains in
extension. As in the supine technique, the greater

(a). In the presence of rectus contracture, flexing the knee
increases lordosis and raises the buttock (b)

trochanter is palpated while the tibia is moved
medial and lateral until the proximal bony land-
marks are palpated and the greater trochanter is
in its most prominent lateral position (Fig. 1.29).
Lateral angulation of the thigh with respect to
the sagittal plane is an antetorsion value. Medial
movement is a retrotorsion value.

Hip Instability and Dislocation

Examination of the hip for subluxation and dis-
location should be a component of every infant
and toddler physical examination. The neonatal
screening program has been highly successful in
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Fig. 1.28 (a, b) The Ryder maneuver to measure femoral
antetorsion (anteversion). The examiner palpates the
greater trochanter and rotates the thigh in and out until the
greater trochanter is most prominent. The amount of knee

identifying hip dysplasia and dislocation in early
infancy, but it has not totally eliminated the inci-
dence of dislocations identified in late toddlers
and young children.

Barlow Test

This is a provocative test to identify a hip with
a femoral head that is in the acetabulum but that
can be subluxed or dislocated [28]. The infant
is placed comfortably on the back. Ideally, the
infant should be as relaxed as possible. Bottle-
feeding the infant during this portion of the exam-
ination is recommended. The examiner flexes the
thigh to be tested at right angles to the trunk and
then slowly adducts the thigh past midline at the

rotation needed to level the proximal femur is the angle of
antetorsion and can be measured directly in degrees with
the appropriate instrument

same time that he applies some downward pres-
sure against the femur. If the hip is unstable, the
examiner will feel the femoral head partly or
completely slip out of the acetabulum. The feel-
ing of subluxation is referred to as Palmen’s sign
(Fig. 1.30).

Ortolani Test

This test is used to identify a subluxed or dis-
located hip that can still be relocated [29]. The
infant is positioned as described for Barlow’s
test. The examiner places his fingers under the
greater trochanter, the hip is abducted at the
same time that longitudinal traction is placed
on the femur, and an attempt is made to slip
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Fig. 1.29 (a, b) The Ryder test can be performed with the child prone. The examiner palpates the greater trochanter as
described in the legend for Fig. 1.28, and the tibia is the reference for measurement

the femoral head back into the acetabulum if
the hip is dislocated and can still be reduced
(Fig. 1.31).

The Telescope Sign

The patient is placed supine on the examining
table. The thigh is flexed at right angles to the trunk
and is placed in the sagittal plane. In the presence
of an unstable hip or a dislocated hip that can be
reduced, the femoral head will be felt to slide along
the lateral side of the acetabulum and ilium.

Limitation of Hip Abduction

Even after a comparatively short period of time,
a dislocated hip may no longer be reducible.

This decreases the reliability of the Ortolani test.
However, when the contracture around the hip
prevents relocation, it also limits the abduction
range of motion on the involved side. The peri-
neal angle becomes asymmetrical and smaller on
the side of the dislocation (Fig. 1.32).

Galeazzi Sign

The infant is placed supine on the examining
table. Hips and knees are flexed at 90°. The pelvis
is leveled. The examiner sights across the distal
femurs and looks for shortening of the femur. If
the hip is dislocated, the proximal femur almost
always moves upward and posterior. This gives
the effect of a short femur on the side of the hip
pathology. Placing the feet on the table at the
same time will assist the examiner in determin-
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Fig. 1.30 (a, b) Barlow test. The infant is placed supine and the side to be tested is adducted (a). At the same time, the
examiner pushes down on the femur in a lateral direction to attempt to push the femoral head out of the acetabulum (b)

ing whether any difference in limb length is in
the tibia or the femur. Although usually associ-
ated with hip dislocation, the test will identify a
short femur or tibia from any cause (Fig. 1.33).

Trendelenburg Sign

The patient stands with the back to the examiner
and is requested to stand on one leg. Functioning
abductors of the hip allow the child to support on
one leg and raise the pelvis of the opposite side
or at least keep the pelvis level. In the presence
of hip abduction weakness from any cause, the
pelvis drops on the non-weight-bearing side. This
test is not specific for any disease, but merely
indicates pelvic girdle weakness that prevents
abduction on the weight-bearing side (Fig. 1.34).

Trendelenburg gait is the peculiar gait distur-
bance produced by bilateral abductor weakness.

Gower Sign

The child is asked to lie prone on the floor and
then stand without using any nearby object to
support him or facilitate standing. In the absence
of any hip extensor weakness, the child should
be able to rise from the floor without using his
hands to help extend his hips. A healthy child
can perform this maneuver three times in suc-
cession without weakness. When positive, the
child cannot rise from the floor without assist-
ing himself. The classic manner is to use the
hands and arms to “climb” up the limbs in order
to extend the knees and hips (Fig. 1.35). Like
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Fig. 1.31 (a, b) Ortolani test. The infant is placed supine  under the greater trochanter while the examiner attempts
and the side to be tested is abducted (a). At the same time, to “scoop” the femoral head back into the acetabulum (b)
upward traction is placed on the femur with the fingers

Fig.1.32 (a, b) In hip dysplasia (a) there is limited hip abduction on the involved left side. On occasion, in dislocation
(b), the adductor muscle group (arrow) is contracted

Trendelenburg sign, a positive Gower sign is not enough to totally prevent the child from ris-
not specific for any single disease. Any pathol- ing from the ground. This may be the result of
ogy weakening the hip extensors will result weakness on one side only or may be the initial
in a positive Gower sign. Gower sign may be finding of very early bilateral weakness of the
partial, indicating some degree of weakness but hip extensors (Fig. 1.36).
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Fig. 1.33 Galeazzi sign. The child is placed supine and
the knees and hips are flexed 90°. The examiner sights
over the patellae. Note that line b is lower than line a indi-
cating a short left femur

Hamstring Contracture

Contracture of the hamstrings causes inability to
fully flex the hips. This may be part of a larger neu-
rological picture or can be the result of accommo-
dation of a painful more proximal lesion either in
the hip joint itself or in the lumbar or sacral spine.
This commonly occurs in patients who have spon-
dylolisthesis. It is identified by an abnormal popli-
teal angle. In infancy, popliteal angles are usually
zero. Normals in older children are between 35°
and 45°. Hamstring contracture additionally
causes decreased ability to forward bend and loss
of physiologic lumbar lordosis (Fig. 1.37).

Adams Forward Bending Test

Scoliosis may be identified on routine examina-
tion in children and adolescents. Examination

technique is simple and takes very little time.
The child stands with the back to the exam-
iner. The height of the shoulders is examined,
followed by the iliac crest height, position of
the fingertips, and the space between the torso
and the arms. The back is examined for obvi-
ous scoliotic curves (Fig. 1.38). The child then
bends forward from the hips facing the exam-
iner. The back is evaluated for elevation of the
ribs. The procedure is repeated with the child
facing away from the examiner (Fig. 1.39). The
child is examined from the side and then in for-
ward bend to evaluate kyphosis (Fig. 1.40).

Asymmetry in shoulder height is a common
finding in scoliosis but is not pathognomonic.
Clinically significant scoliosis is further identi-
fied by having the child slowly bend forward.
A prominent rib hump indicates vertebral body
rotation (Fig. 1.41).

The convention for naming the curve is based
on its anatomical location in the spine as well as
the direction in which the convexity is facing.
For example, a thoracic curve resulting in a low-
ered left shoulder means that the convexity of the
curve is facing to the right side. This would then
be named a right thoracic curve. Most thoracic
curves are to the right. Elevation of the right ribs
on forward bending indicates axial rotation of the
vertebrae. In the absence of vertebral body rota-
tion, the heights of the iliac crests, the levels of
the inferior gluteal clefts, and the natal cleft may
point more toward a difference in limb length.

The Neurological Examination

In most pediatric physical examinations, the
purpose of the neurological component is
screening for unsuspected sensory or motor con-
ditions. Unless the chief complaint or complaints
demands more detail, the neurology portion of
the examination can be brief.

The examination can be divided into sensory
and motor components. Sensory components
include sharp dull, vibratory, and positional
senses.

The motor portion can be evaluated in sev-
eral different ways. The gait gives a great deal
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Fig. 1.34 (a, b) Trendelenburg sign. A negative finding
(a) is shown by elevation of the right buttock when the left
limb bears weight (white arrow). A positive finding (b) is

of information about the integration of motor
activity, the firing of the various muscles in
sequence, and the relative strengths.

Strength is usually measured using the
Medical Research Council grading strength
[30, 31]. If there is no muscle activity at all, the
grade is assigned as zero. If there is a flicker of
activity, grade is assigned as grade 1. If move-
ment can occur when gravity is neutralized by

shown when the left buttock falls when the right limb
bears weight (white arrow)

position, the grade is assigned as grade 2. If
movement occurs against gravity but not resis-
tance, the grade is assigned as grade 3. If there
is movement against resistance but not full
anticipated strength, the grade is assigned as
grade 4. If muscle strength is age and physi-
cal size appropriate, the grade is assigned as
grade 5. Upper and lower extremities should
be tested (Table 1.8). Root innervations for the
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Fig. 1.35 Positive Gower sign. This male with Duchenne
muscular dystrophy must use his hands and arms to help
extend his hips and knees by ‘“climbing up” the lower
extremities

major muscles below the knee are summarized
in Table 1.9.

Upper and lower deep tendon reflexes should
be elicited. In the upper extremity, these include
biceps, triceps, and brachioradialis. In the lower
extremities, patellar and tendo Achilles are elicited
(Table 1.9). An attempt is made to elicit clonus and
the plantar reflex is usually tested at the same time.

Fig. 1.36 Partial Gower sign. The child must use the left
hand in the presence of left weakness to help extend the
left hip and knee

Sensation follows a predictable cutaneous
dermatome pattern and these are summarized in
Table 1.10.

Superficial reflexes include the abdominal
skin reflex and the plantar reflex (Fig. 1.42).

In some complicated complaints, a more
complete neurological examination is indi-
cated as outlined above in the general physical
examination.
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Fig.1.37 (a,b)
Spondylolisthesis.
Stance is relatively
normal (a). On forward
bend, the lumbar spine
flattens and limited hip
flexion limits hand
position to the level of
the knees

Fig. 1.38 (a, b) The Adams bending test. Evaluation for ~ shoulder height, scapular position, arm to trunk distance,
scoliosis. The child faces away from the examiner (a) and  and fingertip level for symmetry. The spine is evaluated
then toward the examiner (b). The examiner observes for obvious curvature
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Fig. 1.39 (a, b) The Adams bending test. Evaluation for scoliosis — cont. The child bends away from the examiner (a)
and then toward the examiner (b). The examiner evaluates for rib rotation. In this case it is negative

Fig. 1.40 (a, b) The Adams bending test. Evaluation for scoliosis — cont. The child’s posture is evaluated from the side
(a). The child bends forward from the waist (b). There is mild kyphosis (arrow)
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Fig. 1.41 (a, b) The Adams bending test. Evaluation for scoliosis — cont. The child bends toward (a) and then away (b)
from the examiner. There is right thoracic rib prominence (arrows)

Fig. 1.42 (a, b) Plantar reflex. Positive Babinski sign. metatarsal heads (a). The hallux slowly dorsiflexes and
The plantar of the foot is stroked beginning on the proxi- the lesser toes fan (b)
mal and lateral heel forward and then medially under the
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Table 1.8 Grading muscle strength

0
1

Fro

Zero  No palpable muscle contraction

Trace  Palpable contraction of muscle No joint
movement when gravity is eliminated

Poor  Muscle able to move part through full
ROM, but not against gravity

Fair Muscle able to move part through full
ROM against gravity but not against
resistance

Good  Muscle able to move part through full
ROM against gravity with some resistance

Normal Muscle able to move part through full
ROM with full resistance

m Lovett and Martin [31]

Table 1.9 Deep tendon reflexes

Reflex Muscle Root level
Biceps Biceps brachii ~ Predominantly CS,
some C6

Brachioradialis Brachioradialis C6
Triceps Triceps brachii  C7
Patellar Rectus femoris, L4

Vastus lateralis,

Vastus medialis,

Vastus

intermedius
Tendo-Achilles Triceps surae S1

Table 1.10 Lower extremity dermatomes

L1

L2

L3

L4

L5

S1

Upper 1/3 of the anterior thigh below the inguinal
ligament

Middle 1/3 of the anterior thigh

Lower 1/3 of the anterior thigh above the patella
Medial 1/2 of the anterior leg and heel, medial 1/2
of posterior leg along with L3, medial plantar foot
along with LS

Lateral 1/2 of the leg, most of the dorsum of the
foot, medial plantar foot along with L4

Lateral foot, lateral 1/2 of the leg along with S2
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Radiology of the Pediatric Foot

and Ankle

Robert A. Christman

Radiographic interpretation of the pediatric foot
and ankle is challenging. Not only do radio-
graphic presentations vary at different ages, but
variation occurs from patient to patient even
at the same age, especially between male and
female. Furthermore, several bones are not yet
visible radiographically in the infant, which can
confound observation and determination of osse-
ous relationships and alignment. This chapter
will provide guidance to address these challenges
by discussing normal developmental anatomy,
developmental variants, positioning techniques
(including radiation protection and safety), and
alignment relationships.

Normal Anatomy and Development

Because bone initially develops from cartilage,
large “spaces” are seen between the bones, espe-
cially in the younger child. This is because car-
tilage is not visible radiographically and cannot
be distinguished from adjacent soft tissues [1].
As bones mature, these spaces become smaller
until only the joint spaces are visible. Bones will
change in size and shape as they develop, espe-
cially when secondary growth centers appear.
However, primary ossification centers, especially
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in the tarsus, are not small representations of a
cartilaginous anlage’s shape and position, nor
does ossification proceed symmetrically through-
out childhood [2].

Epiphyses and apophyses are secondary ossi-
fication centers. The epiphysis is found at the end
of a long bone and articulates with an adjacent
bone (Fig. 2.1a) [3]. It typically does not have
muscle or tendon attachment. The epiphysis dis-
tributes pressure from an adjacent bone and has,
therefore, also been referred to as the “pressure
epiphysis.” The adjacent physis (or growth plate)
is perpendicular to the long axis of the primary
ossification center and contributes to longitudinal
bone growth.

The apophysis is found at the future site of
a tubercle, tuberosity, or process [3]. It has also
been referred to as a “traction epiphysis,” since it
serves as the site for tendon insertion (Fig. 2.1b).
In contrast to the epiphysis, the physis adjacent
to an apophysis may be parallel or oblique to the
primary ossification center’s axis. Apophyses in
the foot are located at the fifth metatarsal proxi-
mally and the calcaneus posteriorly. They do not
participate in longitudinal growth of long bones
nor do they articulate with an adjacent long bone.

The radiolucent zone located between the
epiphysis and metaphysis of a long bone is
known as the physis (Fig. 2.2). At the metaph-
yseal edge of the physis is an area of increased
density referred to as the zone of provisional cal-
cification. Their appearances vary with each bone
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Fig. 2.1 Epiphyses. (a) Pressure epiphysis (e). (b) Traction epiphysis (aka apophysis) (a)

INT o

|

Fig.2.2 Anatomical elements of a tubular bone. Epiphysis (e), physis (p), zone of provisional calcification (z), metaph-
ysis (m), and diaphysis (d). (a) Illustration. (b) Radiograph for correlation
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as well as with age and sex [4]. However, exces-
sive narrowing or widening of a physis should be
considered abnormal, as should irregularity of
the zone of provisional calcification [4].

Ranges for ossification dates (i.e., when an
ossification center is first visible radiographi-
cally) are available in a number of publications
[5-7]. However, when viewed side to side, vari-
ability between sources is noted [8]. Tables 2.1,
2.2, 2.3, and 2.4 provide a general guideline as
to times of appearance; however, be aware that
the range of appearance (before and after the
average date of appearance) may span months or
even years. Therefore, don’t focus on the exact
ossification center time periods as much as on
the relative nature of them and their sequence of
appearance.

Most, if not all, ossification centers appear ear-
lier in females than in males, even before birth.
However, the difference is less the earlier an ossi-
fication center appears. The cuboid, for example,
appears in the male about the same time as it does
in the female. But, the sex difference increases as

Table 2.1 Ossification dates: primary centers

Bone Avg. date of appearance
Present at birth

Present at birth to 1 mo

Talus, calcaneus, metatarsals
Cuboid

Lateral cuneiform 4 mo
Medial cuneiform 15y
Intermediate cuneiform 2y
Navicular 25y
Sesamoid 10y

The dates in this table are AVERAGES of the COMBINED
male and female times of appearance and closure; gener-
ally speaking, the average female time of appearance will
be earlier than this date, the male later

Table 2.2 Ossification dates: major epiphyses

Avg. date of Avg. date of
Epiphysis appearance closure
Distal tibia 4 mo 15y
Distal fibula 11 mo 15y
Calcaneus 6.5y IS5y
(apophysis)
Posterior talus 95y 115y
Fifth metatarsal 11y 145y

(apophysis)
The dates in this table are AVERAGES of the COMBINED
male and female times of appearance and closure; gener-
ally speaking, the average female time of appearance will
be earlier than this date, the male later

Table 2.3 Ossification dates: metatarsal epiphyses

Avg. date of Avg. date of
Epiphysis appearance closure
1st metatarsal 2y 15y
(base)
1st metatarsal 25y 105y
(head)
2nd metatarsal 2.5y 15y
3rd metatarsal 3y 15y
4th metatarsal 35y 15y
Sth metatarsal 4y 15y

The dates in this table are AVERAGES of the COMBINED
male and female times of appearance and closure; gener-
ally speaking, the average female time of appearance will
be earlier than this date, the male later

Table 2.4 Ossification dates: phalangeal epiphyses

Avg. date of Avg. date of
Epiphysis appearance closure
Hallux (distal ly 15y
phalanx) 2y 15y
Hallux (proximal
phalanx)
Lesser toe 2—4 15y 145y
(proximal) 2y 15y
Lesser toe 5
(proximal)
Lesser toe 2-3 4y 13y
(distal) 35y 13y
Lesser toe 4
(distal)

The dates in this table are AVERAGES of the COMBINED
male and female times of appearance and closure; gener-
ally speaking, the average female time of appearance will
be earlier than this date, the male later

age advances; the calcaneal apophysis appears,
on average, 2 years earlier in the female than in
the male [5]. Also, skeletal maturity is achieved
earlier in females than in males [9]. Ossification
stops at approximately 12 years of age in the
female and 14 years of age in the male [10].

Two methods have been used to determine
the skeletal age of infants and utilize a lateral
radiograph of the foot and leg [11]. The Erasmie
method [12] (for up to 1 year of age) first deter-
mines the sum of the length and height of the talus
and calcaneus ossification centers and assesses
the appearance (maturity) of the cuboid, third
cuneiform, and distal tibial and fibular epiphyses;
these values are then plotted on a nomogram rela-
tive to the child’s weight. The Hernandez method
[13] (for up to 2 years of age) assigns maturity
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scores to the calcaneus, cuboid, third cuneiform,
and distal tibial and fibular epiphyses; this score
is then plotted on a nomogram relative to the
child’s age.

Ossification of the foot is fast during the first 5
years and slows thereafter. The foot reaches one
half of the adult size by 5 years of age [10]. Hoerr
et al. [14] have provided a standard of reference
for skeletal development of the foot and will not
be duplicated here. Figures 2.3,2.4,2.5,2.6, 2.7,
and 2.8 focus on what the author considers the
major ossification centers, primary and second-

ary, that are useful for determining the approxi-
mate age of a patient based upon radiographs
alone.

The tarsal bones present (or visible radio-
graphically) at birth include the talus and
calcaneus and usually the cuboid (Fig. 2.3);
occasionally, the cuboid may not appear until
up to 6 months after birth. Though the talus and
calcaneus ossification centers are consistently
visible at birth, a large portion remains cartilagi-
nous [15]. No secondary ossification centers are
present at birth [16].

T L

Fig. 2.3 Major ossification centers, primary and secondary: Birth-3 months. (a) Dorsoplantar view. (b) Lateral view.

Talus, calcaneus, and cuboid

|

Fig. 2.4 Major ossification centers, primary and secondary: 3-9 months. Lateral cuneiform and distal tibial epiphysis.

(a) Dorsoplantar view. (b) Lateral view
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Fig. 2.5 Major ossification centers, primary and second-
ary: 9 months—2 years. The distal fibular epiphysis and
medial cuneiform appear prior to the intermediate cunei-

form and Ist metatarsal and proximal phalangeal basal
epiphyses, which are just beginning to ossify. (a)
Dorsoplantar view. (b) Lateral view

Fig. 2.6 Major ossification centers, primary and secondary: 2-5 years. Navicular (arrows) and lesser metatarsal head.
Also note variant pseudoepiphyses at all lesser metatarsal bases. (a) Dorsoplantar view. (b) Lateral view

The next group of ossification centers appears
between 3 and 9 months, including the lat-
eral cuneiform and the distal tibial epiphysis
(Fig. 2.4). The distal tibial and fibular growth
plates provide most lower leg bone growth dur-
ing infancy, but after 30% of the bone growth is
achieved, it slows down and bone length comes
from the proximal growth plates [10].

The distal fibular epiphysis and medial cunei-
form ossification centers ossify around 9 months
to 2 years, followed by the intermediate cunei-
form and the 1st metatarsal and proximal phalan-
geal basal epiphyses (Fig. 2.5). Though the most
common ossification sequence order after ossifi-
cation of the cuboid and lateral cuneiform bones
is medial cuneiform-middle cuneiform-navicular,
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at least six tarsal sequences may be encountered
(Table 2.5). This is probably due to genetic dif-
ferences but also could be attributed to disease or

Fig. 2.7 Major ossification centers, primary and second-
ary: 5-9 years. Calcaneal apophysis. Lateral view: small
calcifications/ossifications are present posteroinferior to
the calcaneus

Table 2.5 Sequence of ossification: tarsal bones (after
cuboid — lateral cuneiform)

Average % of

Medial Middle cases (Boys and
cuneiform  cuneiform  Navicular girls)

1 3 70.5

1 3 2 13.5

2 1 3 6

2 3 1 5.5

3 1 2 4

3 2 1 0.5

Modification of Table 3 from: Garn et al. [17]

malnutrition [17]. Distal fibular epiphyseal ossi-
fication always appears after ossification of the
distal tibial epiphysis [18].

The navicular and the lesser metatarsal head
epiphyseal ossification centers appear in the 2-
to 5-year range (Fig. 2.6). The fibular physis is
located more proximally, at the midlevel of the
tibial epiphysis, in infancy [19, 20]; it is at or
below the ankle joint after 4 years of age [10],
which is probably related to weight bearing [20].

The calcaneal apophysis begins to ossify
somewhere between 5 and 9 years of age
(Fig. 2.7). The fifth metatarsal apophyseal ossifi-
cation center and the sesamoids ossify between 9
and 12 years of age (Fig. 2.8).

In 1966, Kump [21] described a hump along
the medial and anterior aspects of the distal tibial
physis (Fig. 2.9). This is a normal developmental
feature and has been referred to as the “Kump
hump” since then by other authors [18, 22, 23].

Developmental Variants

Developmental variants may be misinterpreted
as abnormal findings (e.g., fracture). Some are
common; others are rare. Multipartite ossification
centers are probably the best example and may
involve primary or secondary ossification centers

Fig. 2.8 Major ossification centers, primary and second-
ary: 9-12 years. Fifth metatarsal apophyseal ossification
center (arrows) and sesamoids (arrowheads). (a)

Dorsoplantar view. The tibial sesamoid ossification center
is multipartite. (b) Lateral view. The fifth metatarsal
apophyseal ossification center is multipartite
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Fig. 2.9 Kump hump (arrows). (a) Mortise ankle view. (b) Lateral ankle view

(Fig. 2.10). Sometimes the partition dividing an
ossification center is referred to as a “fissure” [24].

Clefts and the cone-shaped epiphysis are com-
monly encountered in the phalanges (Fig. 2.11).
They frequently are bilateral, though not neces-
sarily symmetrical. The term “bracket epiphysis”
(aka longitudinal epiphyseal bracket and delta
phalanx) describes the presence of an epiphy-
sis along the side of a phalanx (Fig. 2.12), not
at its base [10]. It is usually an isolated finding
associated with skeletal dysplasias and syn-
dromes [25-27].

The term “pseudoepiphysis” is applied to an
apparent secondary ossification center located
at the non-epiphyseal end of a long bone. It also
has been referred to as an accessory bone and
supernumerary epiphysis. The pseudoepiphy-
sis, when present, is more mature and precedes
formation and enlargement of the true epiphysis
at the other end of the bone [28, 29]. In contrast
to the true epiphysis and physis, the pseudoep-
iphysis is characterized by a direct extension of
metaphyseal bone through a physeal variant [30].

A pseudoepiphysis frequently is seen at the distal
end of the first metatarsal (Fig. 2.13). It appears
between 2 and 4 years of life; it later appears as
a cleft before it fully unites with the adjacent
metaphysis by 11 years of age. A pseudoepiphy-
sis may also be seen at a lesser metatarsal base
(Fig. 2.6a). Also, the posterior margins of the
lesser metatarsals (their bases) may appear very
irregular and undulating, with or without a pseu-
doepiphysis (Fig. 2.10a).

Because the calcaneal apophyseal ossification
center is so large, its appearance at varying stages
of development can look considerably different
(Fig. 2.14). When it is just beginning to ossify,
multiple small calcific densities will be seen.
And, the inferior half of the apophysis usually
ossifies prior to the superior half. The normally
developing calcaneal apophysis will appear scle-
rotic relative to the calcaneal body [31]. As devel-
opment continues, the calcaneal apophysis is
often multipartite. The inferior tubercles (medial
and lateral) are also formed within this apophysis
and may be seen as separate ossification centers.
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Fig.2.10 Multipartite ossification centers. (a) Multipartite
secondary ossification centers involving the first metatar-
sal base and multipartite primary ossification centers for
the navicular and medial cuneiform bones. The bases of
the second through fourth metatarsals are irregular, and
pseudoepiphyses are also seen. (b) Bipartite epiphyses of

Fig.2.11 Phalangeal variants of development. (a) Clefts
(arrows) are seen along the lateral aspect of the hallux
proximal phalanx head and the medial aspects of the sec-
ond and third toe middle phalangeal heads. The basal

(Persistence of a separate tubercle ossification
center is rare but has been reported as the os
subcalcis.) Generally speaking, the margins of
each partite ossification center are well-defined;
ill-defined decreased densities separating a “par-
tite” ossification center would suggest pathology

the third and fourth metatarsal heads. The second toe mid-
dle phalangeal epiphysis is cone-shaped. (c) Bipartite
basal epiphysis of the hallux proximal phalanx, which
could easily be misinterpreted as fracture (this particular
patient had no history of trauma nor were there any
symptoms)

epiphyses of the second and third toe proximal phalanges
are cone-shaped. (b) Cone-shaped epiphysis of the second
toe middle phalanx

(e.g., fracture). Another variation includes a jag-
ged metaphysis, sometimes having a “saw tooth”
appearance [10].

Sever disease is defined as inflammation of
the calcaneal apophysis. The typical presenta-
tion is of an adolescent male involved in sports
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Fig. 2.12 Longitudinal epiphyseal bracket. Though this
is not a classic example (a basal epiphysis is present), the
epiphysis (arrow) does appear to encompass nearly the
entire medial aspect of the third toe middle phalanx

who has a very painful heel. The disorder has
been associated with the radiographic presenta-
tion of a sclerotic apophysis with fragmentation
(the radiographic appearance of osteochondro-
sis). However, as noted above, the calcaneal
apophysis is normally sclerotic, and “fragmen-
tation” or partitioning is a normal variant that is
often reported in children who have no symp-
toms. Because of this, Sever disease is consid-
ered a clinical diagnosis, and the radiographic
features are considered a variation of ossifica-
tion. The debate lingers on as to whether or not
these findings are significant; in the author’s
experience, these particular findings have been
seen in many patients who had no associated
heel pain. However, according to Scharfbillig
et al. [32], this has not been investigated in a
scientific manner, and therefore, the jury is still
out, so to speak.

The fifth metatarsal proximal apophysis
(Fig. 2.15) is only visible radiographically for a
short period of time before it unites with the base.
And, its appearance is not necessarily bilateral or
symmetrical during ossification. This apophy-
sis appears as a small fleck of bone and may
be shell-shaped; it is longitudinally oriented or

slightly oblique to the long axis of the metatarsal
shaft along the plantar-lateral aspect of the base
[33, 34]. An irregular-shaped apophysis may be
normal. Although the apophysis can appear frag-
mented (partitioned), this is a variant finding,
not pathologic. In bilateral studies, the apophy-
sis may appear slightly enlarged in symptomatic
patients, with slight separation of the chondro-
osseous junction [33]. Radiographically, the sec-
ondary center of ossification is best seen in the
medial oblique view.

Iselin disease is an apophysitis of the fifth
metatarsal tuberosity [35]. It is a clinical diag-
nosis based on pain at the region of the fifth
metatarsal apophysis and is related to overuse.
Radiographs are unremarkable but are obtained
to rule out metatarsal fracture. Osteochondrosis
of the fifth metatarsal apophysis has the typi-
cal radiographic appearance of sclerosis and
fragmentation (partitioning) and is considered a
normal variant, similar to Sever disease. Positive
findings for apophyseal pathology (not Iselin dis-
ease) include ill-defined decreased density and/
or distraction from the tuberosity. In this case,
images of the opposite extremity might be useful
for comparison.

On occasion, the apophysis may not unite to
the base and persist into adulthood; this is known
as the persistent fifth metatarsal apophysis. It
may be bilateral or unilateral (Fig. 2.16). This
has erroneously (in the author’s opinion) been
referred to as the os vesalianum.

Numerous accessory ossicles can be seen in
the adult and have been described elsewhere [36].
Therefore, corresponding ossification centers
may be seen at the same locations in the child.
More common examples include the accessory
navicular (which ossifies between 7 and 11 years
of age), the os trigonum (appearing about 5 years
of age), and the os subtibiale (ossifying from 7 to
8 years of age) [10].

Small accessory ossicles may develop along
the distal fibular zone of provisional calcification,
medially and/or laterally [20]. A larger ossifica-
tion center is often seen adjacent to and lateral
to the distal fibular metaphysis, referred to as the
“fibular ossicle” [37]. It appears around 6 years
of age and eventually unites with the fibula.
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Fig. 2.13 First metatarsal distal pseudoepiphysis. (a) it is most likely attached to the metaphysis centrally. (c)
Early development of the pseudoepiphysis from small ~Asymmetrical union with the adjacent metaphysis. (d)
ossifications. (b) Appearance as a full “epiphysis”, though  Appearing as a cleft as it continues to unite
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Fig. 2.14 Calcaneal apophyseal ossification center. (a)
Ossification center is just beginning to ossify, and multi-
ple small calcific densities can be seen. (b) Inferior half of
the apophysis usually ossifies prior to the superior half.
The adjacent metaphysis is often jagged, as seen here; this
should not be considered pathologic. (¢) The apophysis is
normally sclerotic relative to the calcaneal body. It often

is partite (arrow) and develops from multiples centers of
ossification, as seen here. (d) Ossification of the bursal
projection (arrow) and inferior tubercles are also formed
within the apophysis and occur last. (e) Ossification cen-
ter for the medial tubercle (arrow). (f) Medial oblique foot
view; separate ossification center for the lateral tubercle is
identified (arrow)
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Fig. 2.15 Fifth metatarsal
apophysis. (a) DP view of
very early ossification from
multiple centers. (b)
Medial oblique view
demonstrating sclerosis.
(c) DP view; this apophysis
is smooth and
homogeneous in density.
(d) Medial oblique view;
though it is irregular,
multipartite, and sclerotic,
this apophysis was
asymptomatic and
symmetrical in appearance
bilaterally
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Some rare examples of developmental varia-
tion include the reverse calcaneal spur and the
bifid calcaneus (Fig. 2.17).

Positioning Techniques

A pediatric radiographic study should be justified
and documented. Because children have higher
radiation sensitivity than adults, apply appropri-
ate shielding to the gonads, collimate the primary
x-ray beam, and lower the kVp, mA, and time
settings accordingly for a child versus an adult.
Immobilization devices (sandbags) may be nec-
essary and should be considered in advance of
the procedure. If the child is to be restrained and/
or comforted during the study, a non-pregnant
parent, family member, or guardian should be
used, not a staff member. One could also arrange
to perform the study after feeding time, while the
child is asleep or under sedation, if warranted. A
parent may question the risk of the radiographic
study; consider having a handout (or video) avail-
able that explains the procedure and risks. One
can also refer the parent to a medical physicist for
estimation of the radiation dose [38].
Radiography is valuable for both the diagnosis
and treatment of pediatric foot deformities [39].
Standard foot radiographic images include the
dorsoplantar (DP) and lateral views. Other views,
such as oblique, axial, and lateral ankle flexion,

Fig. 2.17 Calcaneal variants of development. (a) Reverse calcaneal spur. (b) The bifid calcaneus. The two calcaneal
ossification centers in b eventually united as one ossification center, which appeared entirely normal
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are ordered depending upon the specific indica-
tions [40], which may include any of the fol-
lowing: fracture, tarsal coalition, infection, and
post-operative, to name a few [10, 31]. Routine
bilateral studies are not justified for comparison,
nor for unilateral trauma, but may be useful in
select cases (e.g., occult fracture) and may elimi-
nate the need for other studies such as nuclear
medicine, MRI, and CT [41].

Whenever possible, radiographs of the feet
(except oblique positions) should be taken with
the child standing [42]. In particular, DP and lat-
eral positioning techniques should be performed
weight bearing for assessment of osseous align-
ment relationships [31]; non-weight-bearing
views are not adequate for assessing alignment
[43]. Effort should be made to apply plantar
stress to infants and those unable to stand [15];
this may require the assistance of a positioning
device or a guardian wearing lead shielding. A
non-infant patient could be seated and bearing
partial weight (simulating weight bearing) while
the foot is placed against the image detector.
However, for infants and toddlers (3—12 months
of age), simulated weight-bearing radiographs
may result in a wide variation in angular mea-
surements unless the lower extremity and foot are
positioned at 90° [44]. Non-weight-bearing DP
and lateral views should be reserved for evaluat-
ing trauma; oblique views may also be indicated
in this case.

Generally speaking, positioning techniques
for the child are performed the same way they are
for the adult and are described in detail elsewhere
[45]. However, it is important to note special con-
siderations when positioning the child, especially
the infant; these are described below. Also, sug-
gestions are made on how to correct for align-
ment abnormalities during positioning, which is
preferred by some practitioners.

Dorsoplantar Foot Techniques

The foot is positioned such that it is perpendicu-
lar to the leg; it also should not be forcibly pro-
nated or supinated [40]. As noted above, this may
necessitate a sitting or supine position for the

infant or young child. If seated, the hips and knees
should also be flexed at 90° (Fig. 2.18a) [46]. The
lateral aspect of the hindfoot (or rearfoot) should
be placed parallel to the edge of the image recep-
tor. If bilateral images are required for an infant,
one image can be obtained of both feet to limit
exposure. In this case, the knees should be held
together so that the lower extremities are not
rotated; the legs should be perpendicular to the
image receptor and parallel to one another [47].
(If forefoot adduction is present, the knees may
need to be slightly separated to accommodate the
forefoot deformity.)

For clubfoot deformity, Simons [46] also rec-
ommends forcing the foot into a 15° dorsiflexed
position (which may require that the tube head be
angulated 30° from vertical). He believes that, by
holding the pre-operative foot as close as possi-
ble to the maximally corrected position, the talo-
calcaneal angle will be more accurate. Kite [48]
performed the standard technique with no cor-
rection; in fact, Merrill’s Atlas of Radiographic
Positioning & Procedures [49] recommends that
no attempt be made to correct the deformity.

Clues have been identified to determine if the
foot was not positioned properly for the DP posi-
tioning technique [46, 50]. If the tibial and fibular
shafts are identified, and/or the anterior ends of
the talus and calcaneus are greater than 2—3 mm
apart from one another longitudinally, then the
foot was probably positioned in plantarflexion.
The foot may have been inverted or supinated
if the metatarsals are overlapping significantly.
In all cases, one must correlate the radiographic
image to the foot itself to verify if the technique
was performed properly.

Lateral Foot Techniques

The lateral foot projection can be performed such
that the medial side of the foot is placed against
the image receptor. However, if the forefoot is
adducted, such as in a clubfoot, the ankle and
hindfoot will become externally rotated relative
to the image receptor; the result is the appear-
ance of a flattened talar dome (this can be con-
firmed as a positional “deformity” if the fibular
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malleolus is identified posteriorly relative to the
tibial malleolus). In this case, the lateral projec-
tion can be performed as one would position the
extremity for the lateral ankle projection, such
that the ankle joint axis is perpendicular to the
image receptor or the hindfoot is parallel to the
edge of it [10, 15, 31]. For clubfoot deformity,
since hindfoot measurement is most important,
Simons [46] additionally recommends full dor-
siflexion of the ankle joint (while the heel stays
on the cassette). This technique holds the foot
as close as possible to the maximally corrected
position (pre-operatively). If the technique is
performed as simulated weight bearing, the lat-
eral side of the foot can be positioned against the
image receptor, which negates any forefoot effect
on the position of the hindfoot. If seated, the hips
and knees are flexed at 90°.

For the infant or young child that is seated or
supine, the leg and foot should be positioned per-
pendicular to one another (i.e., the ankle joint is
at 90°). To achieve this, a plastic board can be
used to push against the sole of the foot with one
hand while stabilizing the leg with the other hand
(Fig. 2.18b) [43, 47]. Radiographs of each foot
should be obtained separately, not simultane-
ously as in the “frog leg” position.

Clues have been identified to determine if the
foot was not positioned properly for the lateral
positioning technique [46, 50]. As mentioned
above, if the fibular malleolus is located pos-
terior to the tibial malleolus in the radiograph,
then the hindfoot was externally rotated relative
to the image receptor. If the metatarsals appear

Fig.2.18 Simulated
weight-bearing views in an
infant (IR = image
receptor). (a) DP view. (b)
Lateral view. A plastic
board (PB) is pushed
against the sole as the other
hand stabilizes the leg. The
lateral side of the foot is
positioned against the

image receptor //

stacked upon one another (i.e., they are not over-
lapped), then the foot may have been inverted
or supinated. If the tibia is not perpendicular to
the foot, then the foot was either dorsiflexed or
plantarflexed. As with the DP view, one must cor-
relate the radiographic image to the foot itself to
verify if the technique was performed properly.

There are times when one will want to obtain
lateral views with the foot maximally flexed.
The lateral forced dorsiflexion technique is used
to assess vertical talus and clubfoot; the lateral
forced plantarflexion technique is used for verti-
cal talus evaluation [42].

Calcaneal Axial Techniques

Several tube head angulations have been recom-
mended for the calcaneal axial projection. The
standard technique positions the tube head at 25°
from vertical. However, this technique may not
produce visibility of the posterior and middle
talocalcaneal joints. In order to view these joints,
Harris and Beath [51] positioned the tube head
at 45° while the patient dorsiflexed the ankle and
flexed the knee. Grissom [40] recommends a 25°
tube head angulation with the foot dorsiflexed
and 40° if not.

Melamed [52] recommended a modification of
the Harris-Beath technique for viewing an avulsion
fracture of the navicular tuberosity or the acces-
sory navicular. The extremity is internally rotated
approximately 20-25° such that the forefoot is
pointed inward. The tube head is angulated at 45°

I

PB
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from vertical, and the central beam is directed
toward the navicular. However, a similar image of
the accessory navicular can be obtained with the
non-weight-bearing lateral oblique foot view [36].

Hindfoot varus or valgus has been measured
by using one of two specialty views, the hindfoot
alignment view or the long leg calcaneal axial
view [53].

Hindfoot Alignment Techniques

Cobey [54] described a posterior view of the
foot, modifying the Harris-Beath calcaneal axial
view such that distortion was minimized (by
directing the x-ray beam perpendicular to the
image receptor). The patient stood on a radiolu-
cent platform, and a 14 x 17-inch image recep-
tor was positioned anterior to the patient and
extending partially below the platform such that
it was tilted 15-20° from vertical (Fig. 2.19a).
The x-ray tube head angulation was 15-20°
from horizontal and directed caudally, which
positioned the x-ray beam parallel to the fore-
foot axis (i.e., the foot was positioned pointing
straight ahead). The central beam is directed
toward the ankle. Mendicino et al. [55] modi-
fied the Cobey technique such that the feet are
placed in angle and base of gait.

Buck et al. [56] modified Cobey’s technique
by placing the image receptor perpendicular to
the floor (vertically) such that the x-ray beam is
angled at 20° from horizontal (not perpendicular
to the image receptor). The foot was still posi-
tioned pointing straight ahead (Fig. 2.19b). They
preferred this technique because they felt that the
resultant tibial and calcaneal axes would be more

accurate and that it eliminated the forefoot and
midfoot from the image. Johnson et al. [57] fur-
ther modified the Buck et al. technique such that
the foot was placed in a natural position of stance
(angle and base of gait), which they believed
“more closely measures ‘true’ coronal hindfoot
alignment” compared to the techniques described
by Cobey and Buck et al., where the foot was
positioned pointing straight ahead.

Long Leg Axial Technique

The long leg axial study (Fig. 2.19c), derived from
the Harris-Beath, posterior tangential, and suro-
plantar views [51, 58, 59], is performed (prefera-
bly) with a 14 x 17-inch image receptor to include
the lower leg; the tube head is angled 45° caudally,
and the central beam is directed toward the subta-
lar joint [55]. The foot may be dorsiflexed at the
ankle; however, Kleiger and Mankin [58] found
that the subtalar joint is seen just as well without
dorsiflexion. Care must be taken by the radiog-
rapher not to supinate or pronate the foot when
positioning. Reilingh et al. [53] believe that the
long axial view is more reliable than the hindfoot
alignment view (better interobserver reliability).

Ankle Positioning Techniques

The standard ankle views are anteroposterior (AP)
and lateral. Oftentimes mortise and/or 45-degree
medial oblique views are acquired. For alignment
assessment, ankle techniques should be performed
weight bearing or, if an infant, simulated. Osseous
detail is better assessed non-weight bearing [10].

Fig.2.19 Calcaneal axial techniques. (a) Hindfoot align-
ment view, Cobey method. The tube head is angled
15-20° from horizontal and the image receptor is angled
15-20° from vertical. (b) Hindfoot alignment view, Buck

modification. The tube head is angled 20° from horizon-
tal, but the image receptor is vertical. (¢) Long axial view.
The tube head is angled 45°, and the image receptor is
horizontal
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Alignment Relationships
Terminology

Alan Oestreich [60] published a short primer
to evaluate and measure foot positional rela-
tionships in the two-dimensional radiograph.
Some of the definitions differ when compared
to the same terms used for the three-dimen-
sional, clinical biomechanical analysis of the
foot. The following explanations and examples
are drawn from his primer, applying the terms
universally.

Varus and valgus refer to angulation of a distal
bony segment to the proximal segment relative to
the body’s midline. (The coronal plane of the leg
translates to the transversal or axial plane in the
foot.) Hindfoot varus and valgus refer to the posi-
tion of the calcaneus relative to the talus. Forefoot
varus and valgus refer to the position of the first
metatarsal relative to the talus. Metatarsus pri-
mus adductus refers to the first metatarsal being
in varus relative to the medial cuneiform. And,
hallux valgus refers to the position of the hallux
relative to the first metatarsal.

Adduction and abduction do not represent a
relationship between different adjacent segments
(or bones) of the body, as do varus and valgus.
They refer to a deviation of a body part toward or
away from the body’s midline. Therefore, meta-
tarsus adductus refers to the forefoot deviating
toward the midline of the body.

The term hallux abductovalgus combines
these concepts: abducto meaning that the hallux
deviates away from the body’s midline, and val-
gus refers to the position of the hallux relative
to the first metatarsal (if the first metatarsal is
aligned with the body’s midline, then the hallux
would be pointing away from it, i.e., in valgus).

Axes

For assessment of alignment, the foot is divided
radiographically into three segments: hindfoot,
midfoot, and forefoot [10, 61, 62]. The hind-
foot is composed of the calcaneus and talus
and includes the tibiotalar and talocalcaneal

joints. The midfoot is made up of the navicular,
cuboid, and cuneiform bones and includes the
talonavicular and calcaneocuboid joints. The
metatarsals and phalanges make up the forefoot,
which also includes the cuneiform-metatarsal
and cuboid-metatarsal joints. There also are two
columns, medial and lateral. The medial column
includes the talus, navicular, three cuneiforms,
and first and second metatarsals. The lateral col-
umn includes the calcaneus, cuboid, and third
through fifth metatarsals. Osseous axes, for the
most part, are drawn in a fashion similar to that
of the adult. However, there may be some spe-
cial considerations, especially in the young child,
which are outlined below.

DP View

The talar axis is commonly drawn as a bisec-
tion of the talus (Fig. 2.20a). However, Howard
and Benson [63] warn that the ossification cen-
ter in infants, which is in the anterior talus, may
not reflect the true axis but that of the neck.
Furthermore, Bleck [64] states that, in the new-
born, the talar neck is more medially deviated
relative to the body than in the adult (30° in the
newborn versus 18° in the adult). As a result,
some have endorsed drawing the axis along the
medial aspect of the ossification center in the
younger child [43, 61].

Relative to the first metatarsal base, the
bisected talar axis should run through it or just
medially [10, 43]. The talar axis, in an older
child, also can be represented by a bisecting per-
pendicular line to a line that connects two points
along the medial and lateral margins of the talar
head articular margins [62]. This is also known as
the talar head articulation axis (Fig. 2.21).

The calcaneal axis (Fig. 2.20a) could be drawn
as a bisection in the younger child. However,
Howard and Benson [63] again caution that, since
the ossified nucleus of the calcaneus is obliquely
oriented in the infant, its axis may be skewed.
Drawing the axis along the lateral aspect of the
calcaneus ossification center has been advocated
by some [43, 61]. The calcaneal (mid-body) axis
should nearly bisect the cuboid and should par-
allel the fourth metatarsal or pass through the
fourth metatarsal base [10, 43].
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Fig.2.20 DP view
axes. (a) Talus (T),
calcaneus (C), and
intermediate cuneiform
(IC) bisections; lateral
calcaneal surface (Cs)
axis. (b) Lesser tarsus
(solid line), metatarsal,
and phalanx axes

The navicular articulation axis (Fig. 2.21) is a
bisecting perpendicular line to the line that con-
nects two points at the medial and lateral mar-
gins of the navicular articular surface for the talar
head [62]. The intermediate cuneiform axis is
drawn as a bisection (Fig. 2.20a).

The lesser tarsus axis (Fig. 2.20b) is drawn as
follows:

* Connect the following medial two points by a
straight line: the most medial aspect of the
first metatarsal-medial cuneiform articulation
and the most medial aspect of the talonavicu-
lar articulation.

e Mark a point representing the bisection of
this line.

e Connect the following lateral two points by a
straight line: the most lateral aspect of the fourth
metatarsal-cuboid articulation and the most lat-
eral aspect of the calcaneocuboid articulation.

* Mark a point representing the bisection of this
line. A line connecting the two bisections plot-
ted above is the lesser tarsus transection.

* Draw a perpendicular to this line to obtain the
lesser tarsus longitudinal axis.

Each metatarsal axis is drawn centrally and
parallel to its shaft as a bisection (Fig. 2.20b).
Plotting points at the proximal and distal ends of
the shaft, forming lines between the distal points
and proximal points, marking bisections on these
lines, and connecting the bisections is the method
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Fig. 2.21 DP view, talar axis (T) perpendicular to talar
head articular surface; navicular articular surface axis (N)
perpendicular to the navicular articular surface

used to draw the axis. Phalangeal axes are drawn
in the same manner (Fig. 2.20b).

Lateral View (Fig. 2.22)

The talar axis is drawn through its midsection.
The talus is directed more vertical at birth but is
less so by 4 years of age [10]. The talus will then
point toward or parallel the first metatarsal shaft
[43]. The calcaneal axis can be drawn through its
midsection or along its inferior surface; the two
lines should run parallel to one another [43]. The
first metatarsal axis is drawn through its shaft and
is nearly parallel to its superior border. The tibial
axis is drawn parallel to its shaft.

Calcaneal Axial Views (Including

Hindfoot Alignment and Long Leg)

In the newborn, the calcaneal ossification center
is oriented vertically and beneath the fibula; the
talus ossification center is oriented horizontally
and beneath the tibia [59].

There have been different methods for drawing
the calcaneal axis. Sensiba et al. [65] and Cobey
and Sella [66] chose the simplest methods, i.e.,
using a line parallel to either the lateral or medial
aspect of the calcaneus, respectively (Fig. 2.23a).
The medial side is used on a posterior coronal
MRI image since it is less variable [67]. The
other methods are more complicated. For exam-
ple, Johnson et al. [57] used an overlaid egg-
shaped elliptical to determine the coronal axis of
the calcaneus. Robinson [68] accounts for both
the calcaneal body and the posterior calcaneus
by using a 60:40 bisection point for the posterior
calcaneus, which compensates for the prominent
medial expansion of the medial tuberosity, based
upon their anatomical anthropometric results;
Reilingh et al. [53] defined levels for the marks
from the inferior calcaneal edge at 7 mm for the
posterior calcaneus and 20 mm for the calcaneal
body (Fig. 2.23b). And, Buck et al. [69] drew the
calcaneal axis on the long calcaneal axial view
in this manner: a line was formed between two
points plotted at the lateral and medial aspects of
the lateral and medial tubercles, respectively; a
second line was formed between points plotted
at the lateral aspect of the posterior talocalcaneal
joint and at the spot where the sustentaculum tali
joins the calcaneal body medially; a third line
connecting the bisections of the first two lines
represented the calcaneal axis (Fig. 2.23c).

The tibial axis runs centrally and parallel to
the tibial shaft (Fig. 2.23).

Angles and Other Positional
Relationships

Radiographs are a valuable adjunct for effective
diagnosis and treatment of pediatric foot defor-
mities [39]. The radiographic diagnosis is, for
the most part, based upon angular (quantitative)
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Fig.2.22 Lateral view
axes. Talar (T), calcaneal
(C), first metatarsal (M),
and tibial (Ti) axes

relationships. Due to developmental ossification,
bones are not fully visible and the relationships
(anatomic and functional) between bones, espe-
cially in the tarsus, may change [15]. Talus, cal-
caneus, and navicular bone ossification does not
begin in the center of the bones’ cartilaginous
anlagen [2]; this helps explain why the talocalca-
neal angles in the DP and lateral views decrease
with age, as you will see below. Also, each mea-
surement technique has varying degrees of reli-
ability and validity. For example, Radler et al.
[44] found high, sometimes as much as 30%,
interobserver discrepancy in measurement of the
pediatric foot, especially in the infant; therefore,
quantitative values alone should not be used to
make a definitive diagnose nor to indicate surgi-
cal intervention in the very young, though they
are useful for comparison during treatment and
follow-up. As patient age increased, however,
interobserver reliability tended to improve.
Despite their limitations, radiographic measure-
ments are useful for describing malalignment in
the pediatric foot and may aid in clinical decision-
making and outcome assessment [62, 70, 71].

DP Foot View

Talocalcaneal Angle (Fig. 2.24a)

The talocalcaneal angle assesses hindfoot align-
ment. It is formed by the talar and calcaneal
axes. The standard range varies between 10°
and 55°: Dobbs and Beaty [72] use between
30° and 55°, Grissom [40] between 25° and
50°, and Templeton [47] between 15° and 50°,
and Beatson and Pearson [73] reported a range
between 10° and 50°.

Even though the range for this angle var-
ies in the literature, there is consensus that the
angle is higher at birth and decreases with age:
Vanderwilde [74] reported a linear decrease
with age, averaging 42° in the 6-month-old
(ranging between 27° and 56° at 2 standard
deviations (SD)) and decreasing to 24° in the 9+
year old (ranging between 12° and 35°); Simons
[75] reported between 20° and 40° in the young
child less than 5 years of age; and Templeton
[47] reported between 30° and 50° in infants
and young children and between 15° and 30° in
children older than 5 years of age. Radler et al.
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Fig. 2.23 Calcaneal axial view, calcaneal axes. (a) Lines parallel to either the medial or lateral surfaces. (b) Method
according to Reilingh et al. (¢) Method according to Buck et al.

[44] reported 35 + 9° in the birth to 3-month
age group, 36 = 9° in the 3-month to 3-year-
old group, 28 + 7° in the 3—7-year group, and
23 + 4 in the 7-14-year group.

Talus-First Metatarsal Angle (Fig. 2.24a)

The talus-first metatarsal angle assesses hindfoot/
forefoot alignment. It has also been used to mea-
sure metatarsus adductus in infants. This angle
is formed between the talar and first metatarsal
axes. Lee et al. [70] determined that the talus-first
metatarsal angle is a reliable and valid measure
for discriminating between hindfoot varus and
valgus deformity.

Generally speaking, the first metatarsal axis is
either parallel to the talar axis or slightly valgus,
ranging from 0 to 20 degrees valgus [75]. (The
terms varus and valgus are preferable to nega-

tive and positive values due to discrepancies in
the literature and to avoid confusion.) Taking
into account 2 SD, Vanderwilde [74] reported
the range to extend from 10° varus to 30° valgus,
decreasing with age (between 6 months and 9+
years old) and averaging between 5° and 20° val-
gus. Others list the normal angle between 5° and
15° valgus [72, 76] and averaging 10 + 7° (range
of —3 to 28°, between ages 5-17 years) [62]. Xu
et al. [77] reported an average of 16 + 10° with a
range between —5 and 49° (mean age, 10 years;
range, 8—16 years). Radler et al. [44] reported a
slightly valgus first metatarsal axis from birth to
7 years of age (between 5 and 9 + 8 to 13°) and
approximately O + 9° from 7 to 14 years of age.
Ideally, the angle approaches 0° in the adoles-
cent, and the talar axis will be collinear with the
first metatarsal axis.
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Fig.2.24 DP view
angles. (a) Talocalcaneal
(T), talus-first metatarsal
(F), second metatarsal-
intermediate cuneiform
(E), calcaneus-fifth
metatarsal (Y), and
calcaneus-second
metatarsal (V) angles.
(b) Hallux abductus (H),
intermetatarsal 1-2 (K),
metatarsus adductus
(M), and first-fifth
metatarsal angles (FF)

Metatarsus Adductus Angle (Fig. 2.24b)

The traditional metatarsus adductus angle utilizes
the lesser tarsus bisection relative to the second
metatarsal. This method is better applied in the
older child when the tarsal bones are all ossified.
Normally this measurement is 22—-25° at birth but
decreases to 10-21° in the adult [78].

Second Metatarsal-Intermediate

Cuneiform Angle (Fig. 2.24a)

A simplified method for measuring the metatarsus
angle uses the second metatarsal relative to the
intermediate cuneiform. This angle is 3° greater
than the traditional method (abnormal would be
greater than 24°) [79]. Crawford and Green [80]
caution against using the intermediate cuneiform
due to poor correlation compared to traditional
techniques of metatarsus adductus measurement.

Calcaneus-Fifth Metatarsal Angle

(Fig. 2.24a)

The calcaneus-fifth metatarsal angle, like the
talus-first metatarsal angle, has been used to
measure hindfoot/forefoot alignment as well
as to assess metatarsus adductus in infants.
Vanderwilde [74] found this measurement to
average between 0° and 4° in children between
6 months and 10 years of age. La Reaux [78]
states that the calcaneus-fifth metatarsal angle is
normally 5° and considered abnormal if greater
than 10°. Radler et al. [44] reported a negative
average in younger children that later became
positive: —4 + 11° (in the birth to 3-month-old
group), —3 + 10° (in the 3- to 12-month-old
group), —4 = 8° (in the 1- to 3-year-old group),
2 + 7° (in the 3- to 7-year-old group), and 1 £ 5°
(in the 7- to 14-year-old group).
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First-Fifth Metatarsal Angle (Fig. 2.24b)
Another method used to measure the metatarsus
adductus angle in infants is the first-fifth meta-
tarsal angle. Normally this angle is around 22°;
a measurement greater than 27° is considered
abnormal [81].

Calcaneus-Second Metatarsal Angle

(Fig. 2.24a)

Ganley [82] preferred using the calcaneus-second
metatarsal angle to assess the forefoot adduc-
tus relationship in the infant (normally 12-18°).
Simons [83] uses a slightly higher normal range
for this angle: 15-20°.

Talonavicular Coverage Angle (Fig. 2.25)

The talonavicular coverage angle is formed
between the talar and navicular articulation axes.
The angle has been used to assess both hindfoot
and midfoot alignment [70, 84]. In patients rang-
ing between 5 and 17 years of age (mean age
10 years), the average is 20 + 10° (range 5-39°)
[62]. The talonavicular coverage angle was deter-
mined to be a reliable and valid measure for dis-
criminating between hindfoot varus and valgus
deformity [70]. Xu et al. [77] reported an aver-
age of 25 + 11° with a range between 2 and 51°
(mean age, 10 years; range, 8—16 years).

Talocalcaneal Divergence/Overlap

(Fig. 2.26)

Talocalcaneal divergence was described by
Simons [83] and refers to the position of the
anterior ends of the talus and calcaneus relative to
one another. Normally, a small cleft will be seen
between the two bones [50]; there should be no
overlap or separation, which is measured in 1/4
increments.

Cuboid Position (Fig. 2.27)

LeNoir [85] described abnormal alignment of
the cuboid relative to the calcaneal axis as the
“cuboid sign.” Simons [86] took this a step fur-
ther and described a radiographic grading system
for calcaneocuboid malalignment. The calca-
neal axis (bisection) normally runs through the
midsection of the cuboid ossification center; this
is considered grade 0. A second line along the

Fig. 2.25 Talonavicular coverage angle (Z)

medial border of the calcaneus and parallel to
the calcaneal axis, referred to as the medial tan-
gent, lays along the medial aspect of the cuboid.
Malalignment occurs when the cuboid midsec-
tion is positioned medial to the calcaneal longi-
tudinal axis. The position of the cuboid midpoint
relative to the calcaneal longitudinal axis and
medial tangent are used to grade the malalign-
ment (Table 2.6).

Navicular Position (Fig. 2.28)

The navicular (if visible) and talar head should be
directly opposite to one another [43]. As with the
cuboid position, Simons [83] expands upon the rela-
tionship between the navicular bone and talar head.
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Fig. 2.26 Talocalcaneal divergence/overlap. (a) Varus (—1 overlap). (b) Normal (0, no overlap or divergence).
(c) Valgus (+2 divergence). (Adapted from Figure 2 in: Simons [83])
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Fig. 2.27 Cuboid position. (a) Normal alignment. (b, +1 grade. (c¢) +2 grade. (d) +3 grade

Table 2.6 Cuboid position (grading system according to
Simons, 1995)

Cuboid midpoint relative = Cuboid midpoint
to calcaneal longitudinal  relative to medial
Grade axis tangent
0 Centered Lateral
1 Medial (axis runs thru Lateral (tangent runs
lateral half) thru medial half)
2 Medial (entire cuboid Medial (tangent runs
medial to axis) thru lateral half)

Medial (entire
cuboid medial to
tangent)

3 Medial (entire cuboid
medial to axis)

Grading is based upon the position of the navicular
relative to the diameter of the talar head which is
divided into quarters. A grade of 0 is assigned when
the center of the navicular aligns with the center of

the talar head (Fig. 2.28b). A grade of —1 is used
if the navicular is displaced medially by 1/4 of the
talar head diameter, —2 if 1/2, etc. (Fig. 2.28a); a
laterally displaced navicular is either a grade of +1,
+2, etc. if displaced laterally (Fig. 2.28c). A grade of
—2 to +2 is considered satisfactory.

If the navicular bone is not yet ossified, the
position of the talar axis relative to the first meta-
tarsal is used. A grade of 0 is when the talar axis
passes through the first metatarsal base and is
considered normal (Fig. 2.28b). If it passes lat-
eral to the base by 1/2 the latter’s width, a grade
of —1 is given, a grade of —2 if lateral by the
full width of the metatarsal base (Fig. 2.28a).
The same parameters are applied if the talar axis
passes medial to the base, but a positive (+) num-
ber is applied (Fig. 2.28c).
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Fig. 2.28 Navicular position, dorsoplantar view. (a) —2 grade. (b) grade O (normal). (c) +2 grade

Hallux Abductus Angle (Fig. 2.24b)
The hallux abductus angle is formed between
the first metatarsal and hallux proximal phalanx
axes. Hardy and Clapham [87, 88] reported nor-
mal values for children between the ages of 4
and 15 years: 10 = 4° (4-5 years old), 10 = 5°
(67 years old), 12 + 5° (8-9 years old), 13 + 5°
(10-11 years old), and 14 + 5° (12—15 years old).
The average between 4 and 15 years of age was
12 + 5°, with an expected range (at 2 SD) of
2-22°; in the adult the average was 15 + 6°.
Piggott [89] used 15° as an “artificial” division
between normal and abnormal in the adolescent;
he felt that the normal foot was better differen-
tiated from pathologic hallux valgus based on
congruity of the first metatarsophalangeal joint
surfaces (versus deviated or subluxated).

Intermetatarsal Angle (Fig. 2.24b)

The intermetatarsal angle is formed between
the first and second metatarsal axes. Hardy and
Clapham [87, 88] reported the following normal
values: 7 + 2° (4-11 years old) and 8 + 2° (12—
15 years old). The average between 4 and 15 years
of age was 7 + 2°, with an expected range (at 2
SD) of 3—12°; in the adult the average was 9 + 3°.

Hallux Interphalangeal Angle

The interphalangeal angle is formed between the
hallux proximal and distal phalanx axes. Hardy
and Clapham [87, 88] used an arbitrary displace-
ment measurement; no angular measurement was
used.

Other Positional Relationships

The metatarsal bases converge and overlap
slightly near the midfoot; there also is mild
splaying of the metatarsals [40]. The calcaneal
axis normally intersects the fourth metatarsal
base, and the talar axis parallels the first meta-
tarsal [10].

Aside from Hardy and Clapham, very little
attention has focused on the radiographic angles
used to assess hallux valgus in the child. In fact,
most literature addresses the adolescent (10 years
of age and older), whose foot has nearly fully
achieved the adult form [71, 90, 91].

Lateral Foot View
Talocalcaneal Angle (Fig. 2.29)

The lateral view talocalcaneal angle assesses
hindfoot alignment, as does that same angle in
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Fig.2.29 Lateral view
angles. Talocalcaneal (A),
talus-first metatarsal (B),
tibiocalcaneal (C),
tibiotalar (D), talar
declination (E), and
calcaneal declination (F)
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the DP view. The angle averages between 38°
and 45°, according to Vanderwilde [74]; the
range is between 25° and 55° at 6 months of age
and 30-50° at 9+ years of age. Simons [75, 83]
lists the normal range as 35 to either 50° or 55°;
Heywood [92] reported between 35° and 50°
also but states that 20—40° is normal. Templeton
[47] uses 25-50°; Beatson and Pearson [73]
reported a range between 15° and 55°. Radler
et al. [44] reported the following values: 46 + 11°
(3-12 months), 43 + 6° (1-3 years), 47 + 7°
(3-7 years), and 43 + 7° (7-14 years). Davids
et al. [62] reported an average of 49 + 7°, rang-
ing between 36° and 61° in children between the
ages of 5 and 17 years. Xu et al. reported an aver-
age of 39 + 8° with a range between 13 and 62°
(mean age, 10 years; range, 8—16 years).

The maximum dorsiflexion talocalcaneal
angle is used to measure the cumulative effects of
equinus and varus in the clubfoot [74]. Dobbs [72]
lists the range as 25-50°. According to Hammer
[10], this angle is largest from birth to 2 years
of age, averaging 45°, and decreases to approxi-
mately 33°. Vanderwilde [74] demonstrated an
average between 45° at 6 months of age (23-55°
range) and 41° at 9+ years of age (31-51° range),

a slight decrease over time. However, Radler
et al. [44] did not see an age-related decrease
and found that dorsiflexion did not influence the
talocalcaneal angle significantly: 47 + 9° (birth
to 3 months), 48 + 7° (3—12 months), 48 + 8°
(1-3 years), 45 = 8° (3-7 years), and 44 + 8°
(7-14 years).

Talocalcaneal Index

The talocalcaneal index is the sum of the DP and
lateral view talocalcaneal angles. Beatson and
Pearson [73] first reported its use for evaluation
of clubfoot deformity; they found considerable
overlap between normal and clubfoot talocal-
caneal angles (DP and lateral), but not with the
summation of the two. Their reported normal
range was between 40° and 85° for the talocalca-
neal index; less than 40° was considered abnor-
mal. Vanderwilde [74] reported a range between
45° and 103°, averaging between 65° and 85°.

Talus-First Metatarsal Angle (Fig. 2.29)

As in the DP view, the lateral talus-first meta-
tarsal angle is used to assess hindfoot/forefoot
alignment [62]. The normal range is higher in
the infant and decreases thereafter. The angle,
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according to Vanderwilde [74], averages from
18° at 6 months of age (range — 2 to 39°) to 5°
at 9+ years of age (range 18 to —7°). (A nega-
tive value results when the first metatarsal axis
is plantarflexed relative to the talar axis.) Simons
[83] and Katz [39] use the range of 0-20°. In chil-
dren 5-17 years of age, Davids et al. [62] found
an average of 13 + 8° (range 1-35°). Radler
et al. [44] reported averages of 16 = 15° (3 to
12 months old), 8 + 6° (1-3 years old), 10 + 7°
(3-7 years old), and 5 + 6° (7-14 years old). Xu
et al. [77] reported an average of 3 = 11° with a
range between —33 and 29 (mean age, 10 years;
range, 8—16 years).

Tibiocalcaneal Angle (Fig. 2.29)

The tibiocalcaneal angle is used to assess equinus
and hindfoot alignment [62]. It is normally less
than 80° [42]. According to Vanderwilde [74], the
angle averages 77° at 6 months of age (range of
60-95°) and 67° at 10 years of age (range 64—75°).
In children ranging between 5 and 17 years of
age, Davids et al. [62] reported an average of
69 + 8° (ranging from 44 to 86°). Radler et al.
[44], mentioning that the measurement is very
dependent on foot position, reported the fol-
lowing: 73 + 15° (ages 3—12 months), 77 + 9°
(ages 1-3 years), 68 + 11° (ages 3-7 years), and
67 £ 7° (7-14 years). Xu et al. [77] reported an
average of 71 + 10° with a range between 50 and
101° (mean age, 10 years; range, 8—16 years).

At maximum dorsiflexion, the tibiocalcaneal
angle averages 41° at 6 months of age (range
of 25-60) and 50° at 9+ years of age (range of
40-60°) [74].

Tibiotalar Angle (Fig. 2.29)

The tibiotalar angle measures the position of the
talus relative to the tibia and can also be used to
determine ankle joint range of motion. It aver-
ages 116° (range of 86—145°) at 6 months of age
and slightly decreases to 108° (range of 95-123°)
at 10 years of age [74]. Radler et al. [44] reported
an overall average of 115° that is very dependent
on ankle joint position with the following break-
down: 121 + 10° (ages 3—12 months), 119 + 8°
(ages 1-3 years), 114 £ 11° (ages 3—7 years), and
110 + 8° (7-14 years).

Ankle range of motion should normally be
greater than 30°; this can be determined by mea-
suring the tibiotalar angle with the foot in both
dorsiflexion and plantarflexion (and subtracting
the former from the latter). In dorsiflexion, the
normal range is 70 to 100° and 120 to 180° in
plantarflexion [50].

Talar Declination (Talohorizontal) Angle

(Fig. 2.29)

The talar declination angle is formed between the
talar axis and the plane of support; it decreases
slightly over time. Vanderwilde et al. [74] reported
an average of 35° (range of 14-55°) at 6 months of
age and 25° (range of 15-36°) in the 10-year-old.
Radler et al. [44] reported 37 + 13° (3—12 months
old), 33 + 6° (1-3 years old), 30 + 7° (3—7 years
old), and 26 + 6° (7-14 years old).

Calcaneal Declination (Pitch) Angle

(Fig. 2.29)

The calcaneal declination angle is formed
between the calcaneal axis and the plane of sup-
port. Though the measurement is widely used and
reliable, it is not as valid as other measurements
for assessing hindfoot alignment [70]. In children
between the ages of 5 and 17 years, Davids et al.
[62] reported an average angle of 17 + 6° (range
of 5-32°). Radler et al. [44] reported the follow-
ing averages: 9 + 14° (ages 3—12 months), 10 £4°
(ages 1-3 years), 16 = 5° (ages 3-7 years), and
18 + 4 (7-14 years). Xu et al. [77] reported an
average of 12 + 5° with a range between 1 and
23° (mean age, 10 years; range, 8—16 years).

Naviculocuboid Overlap (Fig. 2.30)

Naviculocuboid overlap is used to assess hind-
foot/midfoot alignment [70]. It is measured in
the following manner: a line is made between
two points (a, b) plotted at the superior and
inferior margins of the cuboid, respectively; a
third point (c) is plotted at the inferior margin of
the navicular; naviculocuboid overlap = ac/ab
x 100% [62]. Lee et al. [70] determined that
naviculocuboid overlap is both a reliable and
valid method for distinguishing between hind-
foot varus and valgus; however, they caution
that the measurement does not distinguish
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Fig. 2.30 Naviculocuboid overlap. (See text for further
description)

d

Fig. 2.31 Navicular position, lateral view. (a) Grade 0
(normal). (b) +1 grade. (c) +2 grade. (d) +3 grade. The
grading can be based on the navicular bone, if visible, or
the first metatarsal axis, if not visible

Fig. 2.32 Metatarsal stacking angle (a)

between the severity of a severe varus or valgus
deformity. Davids et al. [62] reported an aver-
age 47 + 14% (ranging between 22 and 85%).
Xu et al. [77] reported an average of 40 + 20%
with a range between —8 and 103% (mean age,
10 years; range, 8—16 years).

Navicular Position (Fig. 2.31)

The center of the talar head should normally
align with the center of the navicular. Simons
[83] also described a grading scale for the posi-
tion of the navicular bone relative to the talar
axis in the lateral view. Normal is grade 0. If
the navicular is displaced superiorly 1/3 of its
height, grade + 1 is applied, +2 for 2/3, and + 3
for 100% displacement (dislocation) superiorly.
If the navicular is not yet ossified, then the first
metatarsal axis is compared to the position of the
talar axis in a similar fashion.

Metatarsal Stacking Angle (Fig. 2.32)

The axes used to determine the metatarsal
stacking angle are made as follows: points are
plotted at the inferior aspects of the first and the
fifth metatarsal heads and at the inferior aspect
of the fifth metatarsal base; the metatarsal head
points are each connected to the fifth metatar-
sal base point to form two lines. The angle is
used to describe forefoot alignment. Davids
[62] reported an average of 8 + 3° with a range
between 1° and 13° (mean age 10 years, range
5-17 years). Xu et al. [77] reported an average
of 1 + 8° with a range between —30° and 25°
(mean age, 10 years; range, 8—16 years).
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Fig. 2.33 Medial-lateral column ratio. The medial col-
umn (M) length in this example is 4.45 inches, and the
lateral column (L) length is 4.42 inches. The ratio is,
therefore, 4.45/4.42 = 1.01

Medial-Lateral Column Ratio (Fig. 2.33)

The medial-lateral column ratio describes
the relative lengths of the medial and lateral
columns. The medial column line is formed
between two points marked at the anterior end
of the first metatarsal and the posterior-inferior
edge of the talar dome. The lateral column line
is formed between two points marked at the
anterior end of the fifth metatarsal head and the
posterior-superior corner of the calcaneal bur-
sal projection [62]. The ratio is the length of
the medial column line divided by the lateral
column line. Davids [62] reported an average
ratio of 0.9 + 0.1, with a range between 0.8 and
1.1 (mean age 10 years, range 5—17 years). Xu
reported an average ratio of 1.0 £ 0.1, with a
range between 0.9 and 1.2 (mean age, 10 years;
range, 8—16 years).

Other

The metatarsals normally overlap distally; it
should be difficult to trace out metatarsals two
through four. The metatarsals should not appear
ladder-like [10, 40].

Hindfoot Alignment Views

Hindfoot Alignment Angle (Fig. 2.34)

The tibial shaft axis and the calcaneal axis are used
to form the hindfoot alignment angle. The normal
angle is between 0° and 5° valgus; any amount of
hindfoot varus is considered abnormal [93].

Fig. 2.34 Hindfoot alignment angle. This angle (J) is
formed between the tibial and calcaneal axes

Coronal Plane Tibiocalcaneal

Displacement (Fig. 2.35)

Saltzman and El-Khoury [94] modified a mea-
surement technique used by Cobey and Sella
[66] to quantify heel valgus. They measured the
perpendicular distance between the tibial axis
and the most inferior point of the calcaneus (i.e.,
the “apparent moment arm” or tibial/calcaneal
displacement). If the tibial axis was medial to
the inferior calcaneal point, a positive value was
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Fig. 2.35 Coronal plane tibiocalcaneal displacement. It
is the distance (horizontally) between the tibial axis
(dashed line) and the most inferior aspect of the calcaneal
tuberosity (0)

assigned; if the tibial axis was lateral, a negative
value was used. With the foot pointing straight
ahead, the mean apparent moment arm length
was —3.2 mm. With the foot in its natural posi-
tion (angle and base of gait), the mean apparent
moment arm length was —1.6 mm.

Ankle AP View

There may be slight valgus angulation of the
distal tibial articular surface relative to the tibial
shaft axis at birth and in young children [95].
It should approach a 90-degree angulation by

Fig. 2.36 Tibiotalar angle. The angle is formed between
the talar dome superior surface (solid line) and a perpen-
dicular to the tibial axis (dotted line; dashed line is the
tibial axis). In this instance, since the talus is in valgus
relative to the tibia, the resultant measurement will be a
positive value

10 years of age [10], though a slight varus posi-
tion may be seen at maturity [95].

Tibiotalar Angle (Fig. 2.36)

The tibiotalar angle is formed between a line along
the superior aspect of the talar dome and a perpen-
dicular to the tibial axis [62]. Davids et al. [62]
used this angle to assess hindfoot alignment and, in
children between 5 and 17 years of age, reported an
average of 1 +4° in children between the ages of 5



2

Radiology of the Pediatric Foot and Ankle

73

and 17 years. The range was between —9° and 12°;
a negative value is assigned to a varus attitude of
the talus relative to the tibia; a positive value is val-
gus. Beals and Skyhar [96] reported an average of
90 (or, 0) degrees at 1 year of age, which increased
to about 8° (valgus) at 12 years of age, ranging
between —6 and 14°. Xu et al. [77] reported an
average of —6 + 6°, with a range between —20° and
8° (mean age, 10 years; range, 8—16 years).
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Neurological Abnormalities of the
Pediatric Foot and Ankle
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Cerebral Palsy

Cerebral palsy represents the largest group of
neuromuscular disorders in the United States.
The incidence is 2 per 10,000 live births in the
United States [1]. There are approximately
25,000 new cases per year with an economic bur-
den of $921,000.00 per person [2]. Appropriate
diagnosis and management of these individuals
utilizing the best evidence available is necessary
for the foot and ankle surgeon to help contain
these costs and be most efficient with the treat-
ment recommendations that are made.

Cerebral palsy is defined as a disorder of pos-
ture and movement caused by a non-progressive
defect or lesion in the immature brain. Although
the condition is considered ‘“non-progressive”
from a lesion standpoint, it clearly is clinically
progressive from a functional standpoint.

Classic etiology can be broken down into three
phases, prenatal, natal, and postnatal (Table 3.1).

The most common prenatal etiologies
are erythroblastosis fetalis and fetal anoxia.
Premature birth is the most common natal
cause, and in the postnatal phase, encephali-
tis and meningitis are most common. Preterm
infants are particularly vulnerable, and delivery
prior to 32 weeks of gestation is associated with
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33% of cases of cerebral palsy [2]. Magnesium
sulfate given prior to delivery has been shown
to reduce the risk of preterm infants developing
cerebral palsy [3]. In more recent years, MRI
has been used to give more specific information
about the diagnosis of cerebral palsy [4]. Bax
et al. in 2006 demonstrated with MRI that 43%
of white matter damage occurred with prematu-
rity and 20% of the cerebral damage was due to
obstetric mishap [5].

The clinical evaluation of patients with cere-
bral palsy involves the understanding of how the
condition affects the various extremities involved
and the individual as a whole. For example,
highly functional patients with CP will improve
with surgical intervention where patients with
learning disabilities and severe types of CP will
need more palliative forms of surgical interven-
tion to improve their quality of life.

There are specific types of cerebral palsy and
each has a unique clinical presentation [6]. The
most common form is spastic which affects about
65% of patients with this condition. This type is
primarily associated with a cerebral lesion and
responds extremely well to various types of med-
ical and surgical management. The most common
presentation is spastic diplegia or monoplegia
(Figs. 3.1 and 3.2).

In rare circumstances patients may present
with spastic quadriplegia. The dyskinetic type
(athetoid) involves about 25% of cases and is
typically confined to the midbrain. Many of these
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Table 3.1 Etiology

Prenatal
Congenital brain defects
Rubella or viral infections

Natal

Premature birth
Asphyxia, trauma

Postnatal
Encephalitis
Meningitis

Anesthetic complications/over-sedation

Erythroblastosis fetalis, fetal anoxia

Fig. 3.1 This patient has spastic diplegia. Note the con-
tractures in both lower extremities. There is an equin-
ovarus contracture in the feet and ankles along with
contracture of the patient’s medial hamstrings

patients have extreme functional disabilities
and are often wheelchair or bed bound. Ataxic
cerebral palsy represents about 8% of cases and
involves the cerebellum. They have difficulty
with coordinated movement and often have dif-
ficulty ambulating without some form of assis-
tance. The least common form representing 2%
of cases is the mixed type. This type has a wide-
spread and variable presentation.

Motor development is another important
aspect of cerebral palsy. Early motor develop-
mental reflexes are gone by the time a child is
4-5 years of age. Posturing and asymmetric
tonic reflexes can still be present in patients with
cerebral palsy (Fig. 3.3). Since there can be a
significant delay in motor development in some
patients, it is important to consider this when
contemplating surgical intervention because
the surgical procedure might take much longer
for the patient to recover when there has been
delayed motor development.

Trauma, asphyxia

Fig.3.2 This patient’s presentation is spastic monoplegia
in the left lower extremity. Note that he has an equin-
ovarus deformity just like Fig. 3.1 but he is clearly more
functional

Fig. 3.3 This 9-year-old boy still displays asymmetric
tonic reflexes. Note the extension in the left arm toward
the chin and flexion of the opposite arm
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Fig.3.4 This patient had a TAL procedure bilaterally and
developed a crouch gait because of the contractures that
are still present with his hamstrings and rectus femoris
muscles

Compensation at all levels must be taken into
consideration when evaluating patients with cere-
bral palsy. Specific lower extremity spasticity can
drive and/or mask various modes of compensa-
tion, and if one is not aware of this, then surgi-
cal management can be less than optimum. Trunk
leaning and lordosis are common mechanisms of
compensation. The vast majority of patients have
equinus, but this might compensate through genu
recurvatum as opposed to a lack of dorsiflexion or
both. If the surgeon is not aware of this compensa-
tion, the surgical plan might place the patient in a
postsurgical “Crouch gait” which might be more
difficult for the patient to overcome (Fig. 3.4).

The presence of deformity is also extremely
important to determine in patients with cerebral
palsy. Often, there can be associated conditions
such as arthrogryposis or other congenital abnor-
malities that can impact management decisions
(Fig. 3.5). Joint contractures can be supple and
due to spasticity, or there might be a rigid con-
tracture of the joint. Certainly, if there are rigid
deformities, then conservative management may
fail, and if soft tissue procedures are performed in

Fig. 3.5 This patient has arthrogryposis and cerebral
palsy. Soft tissue procedures in isolation will not help this
individual’s contractures at the knee

isolation in these circumstances, outcomes will
be compromised.

Some patients with cerebral palsy can have
learning disabilities and some degree of mental
retardation [7]. Seizures occur in a third of patients
that have cerebral palsy. Auditory and visual prob-
lems can occur as well [8]. Children with learning
disabilities may take a long time to learn to ambu-
late with their particular type of spasticity, and
surgery can clearly impact their ability to “learn
to ambulate” again after surgery. A strong support
network is important for cerebral palsy patients in
general but is critically necessary when the patient
is suffering any form of mental defect.

Clinical variation in the spastic muscles
involved can occur and needs to be evaluated.
Patients can present with spastic equinus alone or
in combination with tight hamstrings, adductors,
or hip flexors (Fig. 3.6). Clinical presentations
will vary depending on this involvement, and one
might see “toe walking” or scissoring of the gait
together or in isolation (Figs. 3.7 and 3.8).

Rotational deformities can also occur in
patients with cerebral palsy. One might assume
that the adductors are tight when in fact the
patient has internal femoral torsion. Torsional
evaluation should be routine in these patients
and should include hip, knee, and leg evaluations
(Fig. 3.9).



80

B. L. Hutchinson

S

o Fr—

Fig. 3.6 This picture is demonstrating Elly’s test which
shows contracture of the hip flexors. With the individual
prone, the examiner flexes the knee resulting in the hip
elevating off of the exam table indicating that the hip flex-
ors are contracted. Normally, with the knee flexed, the hip
should stay on the table

Fig. 3.7 Classic presentation of toe walking with CP

Conservative treatment for cerebral palsy cen-
ters around physical therapy and the prevention
of significant joint contractures. Bracing is the
mainstay for maintaining limbs after contractures
have been reduced. Reduction of contractures is
usually accomplished using botox injections in
the vast majority of patients [9]. Chemical neu-
rolysis has been popular in the past but is much
more labor intensive and has been replaced by
botox in most clinical situations [10]. Palisano
etal. in 1997 developed the Gross Motor Function
Classification System which helps in determin-
ing what treatment modalities will be effective in
patients with cerebral palsy [11] (Table 3.2).

Fig. 3.8 This patient not only is toe walking but one can
see the internal position of the knee indicating a scissoring
of the gait as well

Fig. 3.9 Staheli’s foot thigh axis test for torsional defor-
mities of the tibia. This is a normal test with no external
rotation of the foot relative to the thigh

The system provides simple, universal lan-
guage to describe physical function in cerebral
palsy. The classification is valid, reliable, and very
useful to help guide physicians in recommending
conservative modalities vs. surgical procedures.

Surgical intervention occurs in patients from
6 to 12 years of age. Soft tissue releases are the
most effective and popular procedures to improve
function. With contractures present around the
hip, an adductor release is performed (Fig. 3.10).
For contracture around the knee, a hamstring
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Table 3.2 Gross Motor Function Classification System (GMFCS) from Palisano et al. (1997)
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release is performed in conjunction with a tendo-
Achilles lengthening (TAL) when indicated
(Figs. 3.11 and 3.12). Because these contractures
can recur, bracing post-operatively is paramount.

A very effective procedure in children is the
Murphy-Perrot procedure [12]. The author has
utilized this technique for about 15 years with

GMFCS Level I

Children walk indoors and outdoors and climb stairs without
limitation. Children perform gross motor skills including running and
jumping, but speed, balance, and coordination are impaired

GMFCS Level II

Children walk indoors and outdoors and climb stairs holding onto a
railing but experience limitations walking on uneven surfaces and
inclines and walking in crowds or confined spaces

GMFCS Level III

Children walk indoors or outdoors on a level surface with an assistive
mobility device. Children may climb stairs holding onto a railing.
Children may propel a wheelchair manually or are transported when
traveling for long distances or outdoors on uneven terrain

GMEFCS Level IV
Children may continue to walk for short distances on a walker or rely
more on wheeled mobility at home and school and in the community

GMEFCS Level V

Physical impairment restricts voluntary control of movement and the
ability to maintain antigravity head and trunk postures. All areas of
motor function are limited. Children have no means of independent
mobility and are transported

extremely good success rates (Fig. 3.13). There
is much less recurrence with this procedure over
the traditional TAL, and past concerns about
cosmetic appearance have not been seen by the
author. In long-standing equinovarus cases, an
anterior tibial tendon transfer or posterior tib-
ial tendon transfer can be effective in reducing
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Fig.3.10 An adductor release is being performed on this
patient’s left groin

Fig. 3.11 This surgical photo is demonstrating a medial
hamstring release being done just behind the knee

Fig. 3.12 This represents an open frontal plane TAL
being performed

recurrence. In adolescence with rigid equinovarus
deformities, the author has had great success with
gradual correction with percutaneous tenotomies

Fig.3.13 Classic Murphy-Perrot procedure being shown
here. Note the advancement of the tendo-Achilles under
the FHL tendon

and circular fixation techniques first described
by Ilizarov [13]. Lastly, some patients that have
significant rigid deformities require arthrodesis
procedures of the hindfoot and ankle [14].

Charcot-Marie-Tooth Disease

Charcot-Marie-Tooth (CMT) disease is a heredi-
tary motor and sensory neuropathy character-
ized by progressive loss of muscle tissue across
various parts of the body especially in the lower
limbs. It is one of the most common inherited
neurological disorders, affecting 1 in 2500 peo-
ple in the United States [15]. The disease is cred-
ited to three physicians, Jean-Martin Charcot and
Pierre Marie in Paris and Howard Henry Tooth in
England who first identified its characteristics in
1886 [16, 17]. The condition has had numerous
names associated with it that have caused confu-
sion in the past. Dyck and Lambert used clini-
cal and electrodiagnostic data to try to classify
hereditary motor and sensory neuropathies into
specific subtypes [18, 19]. Their work provided
a major advance in the understanding of these
disorders. More recently, genetic identification
and testing for Charcot-Marie-Tooth disease
have shed new light on the continuum of types
and subtypes that have been characterized in this
disease process [20-23].

CMT is caused by certain mutations in sev-
eral genes that produce proteins involved in the
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structure and function of either the peripheral
nerve axon or its myelin sheath. As a result, these
nerves slowly degenerate and lose the ability to
communicate with their distal targets. The degen-
eration of the motor components of the peripheral
nerve results in muscle weakness and atrophy in
the extremities, and in some cases, the sensory
degeneration can result in significant sensory
neuropathy.

The gene mutations in CMT disease are inher-
ited as either an autosomal dominant or reces-
sive trait and in certain circumstances can be sex
linked on the X chromosome. A detailed discus-
sion of the various mutations is beyond the scope
of this chapter. In general, there are many forms
of CMT disease based on duplication or deple-
tion of certain genes on various chromosomes.
Peripheral myelin protein-22 and protein O are
two of the most common. Scientists have identi-
fied more than 120 different point mutations on
the Protein O gene alone. Foot and ankle surgeons
who treat patients with CMT should be familiar
with the most common types of CMT disease and
specific characteristics that distinguish each type
from a clinical standpoint.

Type 1A Charcot-Marie-Tooth disease (CMT)
is an autosomal dominant disease that results from
a duplication of the gene on chromosome 17 that
carries the instructions for producing the periph-
eral myelin protein PMP-22. Overexpression of
the gene causes the structure and function of the
myelin sheath to be abnormal. This causes weak-
ness and atrophy of the lower legs beginning in
adolescence initially and later hand weakness and
sensory loss. This is the most frequent form of
CMT and involves 60-90% of all cases [24-27].

Type 1B is also an autosomal dominant dis-
ease caused by mutations in the gene that carries
the instructions for manufacturing the myelin
protein zero (PO) which is another key compo-
nent of the myelin sheath. This produces signs
and symptoms that are very similar to type
1A. Both subtypes are known as hypertrophic
CMT and are characterized by repeated demy-
elination and remyelination causing the pathog-
nomonic “onion bulb” microscopically.

Type 2 results from abnormalities in the axon
of the peripheral nerve cell rather than the myelin

sheath. There is typically chronic axonal degen-
eration and regeneration and no demyelination
[18, 19, 28]. This neuronal type differs from type
1 in that the onset of symptoms occurs later with-
out nerve hypertrophy. Hand involvement is less
prominent in type 2, but lower extremity weak-
ness and atrophy can be very pronounced.

Type 3 or Dejerine-Sottas disease is a severe
demyelinating neuropathy that begins in infancy.
Infants have severe muscle atrophy, weakness,
and sensory problems. This rare disorder can be
caused by a specific point mutation in the PO gene
or a point mutation in the PMP-22 gene. Type 3
is also characterized by hypertrophic nerves, but
the early onset in infancy distinguishes type 3
from type 1.

Type 4 comprises several different subtypes
of autosomal recessive demyelinating motor and
sensory neuropathies. These subtypes are respon-
sible for the most severe disability. Each neuro-
pathic subtype is caused by a different genetic
mutation with distinct physiologic and clinical
characteristics. Generally, type 4 patients develop
symptoms of leg weakness in childhood, and
by adolescence, they may not be able to walk.
This type may also affect a particular ethnic
population.

Sex-linked (CMTX) is caused by a point muta-
tion in the connexin-32 gene on the X chromo-
some. This protein is expressed in Schwann cells.
This protein is thought to be involved in Schwann
cell communication with the axon. Most males
show moderate to severe symptoms of the disease
beginning in late childhood or adolescence, and
females typically develop mild symptoms in ado-
lescence or later in life. Some may not develop
symptoms of the disease at all.

A thorough history should be taken with par-
ticular emphasis on family history. Many families
are aware of this condition, and in some cases,
they will have detailed records. In some circum-
stances, discussing the ambulatory difficulties of
other family members may give the physician
good insight into the possibility that CMT may be
the diagnosis. Reports of discomfort, fatigue, and
ankle instability are common complaints. There
may be complaints of numbness and tingling in
the feet and at times the hands. Some patients
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will be concerned about sensory ataxia and gait
abnormalities, and these may be expressed early
on in the disease process.

In general, the clinical presentation for types
1 and 2 is very similar, and the vast majority of
patients that present to foot and ankle surgeons
will be in either of these two groups. Slowly pro-
gressive distal weakness and muscle wasting in
the legs is a hallmark of the disease. This muscle
weakness leads to a pes cavus or equinovarus
deformity with contracture of the digits. Initially,
the intrinsic muscles are weakened creating claw-
ing of the digits and contributing to the pes cavus
deformity [29]. The weakness will eventually
involve the peroneus brevis, extensors, and the
anterior tibial muscle-tendon unit. The posterior
tibial muscle will overpower the anterolateral
group of muscles and contribute to the cavus or
equinovarus foot type. The peroneus longus is
one of the last muscles to weaken. In some cases
the gastrosoleal group can become weak, but this
is usually a late-stage manifestation. Generally,
the thigh muscles are not affected so that when a
patient presents with this atrophic pattern in the
leg, the appearance can be seen as “stork legs” or
inverted champagne bottle (Fig. 3.14). The charac-
teristic steppage gait may be seen along with a foot
drop, ankle instability, and shortened stride length.

Weakness of the hands occurs with charac-
teristic thenar and hypothenar eminence wast-
ing resulting in claw hands and dysfunction
(Fig. 3.15). Thickening of peripheral nerves may
be seen in type 1 but is pathognomonic in type 3
patients around the greater auricular nerve or the
common peroneal nerve at the head of the fibular
and is often described as Cohen’s lamp cord sign.

The cavus deformity may present as flex-
ible or rigid depending upon the length of time
the deformity has been present. The muscle
imbalance may make the foot seem rigid, but
radiographic correlation will provide informa-
tion about whether the joints are congruous or
arthritic. This will impact whether or not closed
or open treatment will be indicated and will be
discussed later in this chapter. Ankle instability

Fig. 3.14 Wasting of the distal musculature in the leg
gives the appearance of “stork legs”

is a hallmark of CMT and is due to the muscle
weakness pattern. The weakness eventually leads
to structural changes in the hindfoot and to a
plantarflexed first metatarsal drives the hindfoot
varus deformity. This can be assessed with the
Coleman Block test (Fig. 3.16). Over time the
hindfoot varus deformity can become rigid and
not dependent upon the first metatarsal. One
should be suspicious of intrinsic ankle varus
(Fig. 3.17). This is rarely reported, but the author
has found this to be fairly common and if not
appreciated can lead to less than optimal results
when considering reconstruction.

Plain radiographs of the foot and ankle should
be obtained to assess the congruency of the
joints and to determine the apex of the deformity
(Fig. 3.18). This is important for preoperative
planning for deformity correction. The author
has not found CT or MRI to be very helpful as
a baseline in CMT evaluation. MRI of the spinal
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Fig. 3.15 Note the wasting of the thenar and hypothenar
eminence resulting in fifth finger drift

cord can be useful if patients display central ner-
vous system involvement such as ataxia or other
signs and symptoms of cerebellar involvement
[30]. MRI can also be beneficial for rehabilita-
tion planning and future surgical reconstruction
in some patients [31].

Electrodiagnostic studies are extremely helpful
in patients with CMT [18]. Distal latencies are usu-
ally 2-3 times longer than normal in type 1 CMT. In
type 2 CMT, there is usually only slight reduction,
or in some cases, they can be normal [24].

Genetic testing through DNA analysis is
available to determine or aid in the diagnosis
of CMT. The testing can be extremely cost pro-
hibitive when a comprehensive test is performed.
As a screening technique, algorithms have been
developed to obtain information based on the
most common gene defects. Recently, Ostern R,
Fagerheim T, et al. made recommendations on a
simplified algorithm which involved the assess-
ment of age at onset and neurophysiological data
followed by testing of four genes: PMP22, MPZ,
GJB1 and MFN2 [32]. If patients are negative for

Fig.3.16 Coleman Block test showing resolution of the hindfoot varus when the first ray is off of the block
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Fig.3.17 CMT patient with intrinsic ankle varus

Fig. 3.18 Standard lateral radiograph
increase in Meary’s and Hibb’s angles. Apex of the defor-
mity is at the midfoot

showing an

mutations in these four genes, then they should
be subjected to a more comprehensive extended
molecular genetic analysis.

Conservative therapy for CMT centers on
accommodation of the progressive structural
deformities. Extra-depth shoes and accommo-
dative orthotics can be used to support the ham-
mertoe contractures and the metatarsalgia seen
in these patients. High top boots or shoes can
help support the lateral ankle instability seen
in CMT. Ultimately, bracing is necessary in
many of these patients to assist in ambulation
especially as the disease progresses. Various
ankle braces can be used for instability, and
graphite AFO braces tend to be used for the drop
foot and steppage gait that are seen in the later
stages of the disease.

Surgical management of CMT must be indi-
vidualized. The variation and complexity of the
clinical presentation make it difficult to formu-
late specific treatment recommendations. Staging
procedures is not uncommon based on the pro-
gressive nature of the disease.

As a general rule, the author has found that
certain surgical procedures can be performed
in many patients with CMT with fairly good
success.

Digital deformities are seen in almost all
patients with CMT and they are rarely reduc-
ible. The author has found that complete
sequential release of the digital contractures
with PIPJ and DIPJ fusions has the most suc-
cess. If the contractures are extreme, then meta-
tarsal osteotomies may be employed along with
a flexor digitorum longus transfer of the sec-
ond and third digits [32, 33]. Meticulous soft
tissue dissection is important because of the
potential for vascular complications due to the
long-standing dorsal contracture of the digits
(Fig. 3.19). Hallux malleus is common and is
often associated with dorsal contracture of the
first metatarsal phalangeal joint. A popular
surgical combination for this presentation is a
hallux IPJ fusion and a Jones teno-suspension
of the first metatarsal especially early on in the
disease process. Ultimately, the rigidly plan-
tarflexed first metatarsal will require a more
proximal fusion and/or dorsiflexory osteotomy
(Fig. 3.20).
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Fig. 3.19 Note vascular compromise from digital
surgery

Fig. 3.20 Note reduction of the first metatarsal plan-
tarflexion with a proximal oblique osteotomy

In mild to moderate hindfoot varus, a Dwyer
calcaneal osteotomy is often coupled with the
first metatarsal osteotomy to establish the tripod
effect necessary for even weight distribution.
An isolated subtalar joint arthrodesis is much
more effective in severe hindfoot varus than a
Dwyer. Ultimately, triple arthrodesis is neces-
sary when the deformity is severe and other

corrective procedures have failed [34, 35]. The
most important consideration in performing tri-
ple arthrodesis in these patients is the position
of the fusion. Failure to provide a rectus align-
ment of the hindfoot and forefoot can lead to
intrinsic varus ankle deformity.

Tendon transfers and lengthening proce-
dures have been described for patients with
CMT [36-39]. In the author’s experience, the
vast majority of CMT patients eventually have
some degree of drop foot with a cavovarus foot
deformity. The posterior tibial tendon trans-
fer is an excellent transfer for patients with
CMT. The posterior tibial tendon is usually
one of the last muscle-tendon units to undergo
denervation and atrophy and is a major
deforming force for the cavus deformity [40].
The author recommends transfer of the entire
muscle-tendon unit through the interosseous
membrane and then tenodesis to the lateral
cuneiform or cuboid. The Achilles tendon is
rarely lengthened because the vast majority of
patients with CMT have a pseudoequinus and
much of the available hindfoot dorsiflexion is
eliminated due to this pseudoequinus in the
forefoot. Surgeons should be extremely careful
when evaluating equinus in patients with CMT
S0 as not to create a calcaneus gait from length-
ening the Achilles tendon.

Spinal Dysraphisms

Spinal dysraphisms are a group of congenital
disorders characterized by incomplete closure
of the neural tube. This incomplete closure can
involve the spinal cord, the meninges, cauda
equina, osseous components of the spinal col-
umn, and overlying tissues and skin. The most
common type of spinal dysraphism is spina bifida
or myelomenigocele. The incidence worldwide
is 1:1000 live births [41]. The most common
location is in the lumbosacral region. Delay in
diagnosis can lead to irreversible musculoskel-
etal, neurologic, and genitourinary effects.
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Associated conditions can include hydroceph-
alus, tethered spinal cord, and latex allergy [42].
Learning disabilities are relatively uncommon
unless other congenital abnormalities are present.
Latex allergies have been seen in 68% of children
with spina bifida [43]. Spinal dysraphisms are
believed to be due to a combination of genetic,
nutritional, and environmental factors. Not having
enough folate in the diet during pregnancy plays
a significant role [44]. Generally, these are classi-
fied according to the structures that are involved
in the incomplete development of the neural tube.

Spina bifida occulta is the mild form of the
condition with an incidence of 10-20% [45]. The
outer parts of the vertebrae are not completely
closed so there is no protrusion of the spinal
cord. The skin at the site of the lesion may be
normal. It is also common to see a hairy patch,
dimpling of the skin, or a birthmark (Fig. 3.21).
Women are affected more than men, and often,
patients do not even know they have the condi-
tion. Because of the insidious nature and slow
progressive course, nerve damage occurs before
clinical symptoms arise.

Meningocele is the least common form of
spina bifida. The vertebrae develop normally, but
the meninges are forced into the gaps between
the vertebrae. These individuals are unlikely to
develop symptoms early on unless they have a
tethered cord [46].

In myelomeningocele, the vertebrae do not
fuse and the spinal cord protrudes through the

Fig.3.21 Not the large birthmark on this patient that has
had closure of his spina bifida

opening. This results in the most severe com-
plications including paralysis, loss of sensation,
and meningitis. Bladder and bowel tone are
typically lost.

If the spinal dysraphism is suspected before
birth, then amniocentesis can be performed and
high levels of alpha-fetoprotein (AFP) may indi-
cate a higher risk of the more severe forms of the
condition [47]. AFP is not elevated in spina bifida
occulta because the dural lining is maintained.
Ultrasound can be useful to detect dysraphisms
prior to birth. Medical imaging can confirm the
diagnosis after birth.

The initial presentation depends on the extent
of the involvement of the spinal cord elements.
Bladder and bowel control are daily problems
for the vast majority of these patients. Foot
and ankle deformities are common and can
be severe in nature. Patients may present with
cavus or valgus foot deformities. Equinus and
gait abnormalities are usually pronounced.
Neurotrophic ulcers are common because of the
loss of protective threshold. Occult spinal dysra-
phisms can occur from birth to adulthood. These
forms are subtle and are usually covered with
skin [48]. Overt forms such as meningocele or
myelomenigocele are more common and more
obvious clinically and are typically diagnosed
at birth.

Surgical intervention to close the neural ele-
ments is the most effective initial treatment
to prevent further damage to neurological tis-
sue and to prevent infection. In cases where
there is hydrocephalus or potential for excess
cerebral spinal fluid, shunts can be surgically
placed (Fig. 3.22). Success can be difficult if
the neurological deficit is severe. Following
closure of the neural elements, the most suit-
able cases for surgical management in the lower
extremity are patients that can ambulate with
orthopedic appliances and that have simple
meningoceles or meningomyeloceles. The goal
of surgical intervention in these individuals is
to improve ambulation and to create a planti-
grade foot. The typical procedures in the lower
extremity are tendon transfers and fusions. In
severe cases, surgery is typically palliative and
includes ostectomies and partial amputations
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Fig. 3.22 Placement of a shunt is necessary to alleviate
any cerebral pressure due to excessive amounts of cere-
bral spinal fluid

to eradicate osteomyelitis and neurotrophic
ulcerations.

Muscular Dystrophy

Muscular dystrophy is a collection of inherited
diseases of the muscle that weaken and impede
locomotion. These diseases are characterized
by progressive skeletal muscle weakness, mus-
cle protein deficits, and ultimately the death of
muscle cells and tissue [49]. Some forms of the
disease can affect the heart and other organs [50].
The various types of MD affect more than 50,000
Americans [51].

Muscular dystrophy can appear in infancy up
to middle age or later, and its form and severity are
determined in part by the age at which it occurs.
Some types of MD affect only males. Depending
on the type and onset, patients afflicted with MD
can enjoy a normal lifespan with slowly progres-
sive and mild symptoms or swift and severe mus-
cle weakness and wasting. These individuals may
die in their late teens or early 20s.

There are several types of MD and the most
common are listed in Table 3.3. Duchenne is by
far the most common and was described in the
1860s by Guillaume Duchenne [52].

The diagnosis of MD is based on the results
of a muscle biopsy, increased creatine phospho-
kinase, electromyography, and genetic testing.
Clinical presentation depends on the type of MD

Table 3.3 Types of Muscular Dystrophy

Type Gene Description

Becker DMD Less severe variant
of Duchenne MD
Boys lifespan: Old
age

Congenital Multiple Birth, general
weakness,
shortened lifespan

Duchenne distal DMD Most common,

muscular dystropy boys usually, onset
2 YOA lifespan:
14-45

Emery-Dreyfus EMD,

LMNA
facioscapulohumeral
MD

Fig. 3.23 Note the presence of hypertrophy of the calf
muscles in this patient with MD

and the progression of the disease process. All
types of muscular dystrophy demonstrate muscle
wasting. Duchenne MD shows muscle wasting in
the lower extremities with pseudohypertrophy of
the calf muscles (Fig. 3.23). Limb-girdle MD will
show wasting in both upper and lower extremi-
ties. Gower’s sign is indicative of progressive
weakness making it difficult for the child to get
up from a sitting position (Figs. 3.24 and 3.25).
There is no cure for muscular dystrophy
and management is palliative. The primary
deformities in the foot and ankle that need to
be addressed are ankle equinus and equinovarus
contractures. Equinus release procedures are
used to treat the ankle equinus in ambulatory
patients. The use of posterior tibial and anterior
tibial transfers can be employed to address any
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Fig.3.26 Egyptian Stele from the 18th dynasty showing
a polio victim

Fig. 3.25 Note this same patient trying to get up off the
floor. Gower’s sign

equinovarus contractures. Patients experience
physical and occupational therapy for a lifetime.
Bracing and aerobic exercise are important for
maintaining ambulatory abilities as long as possi-
ble. Eventually, most patients will be wheelchair
bound. Once the wheelchair stage is reached,
surgical treatment primarily involves tenotomies
to correct the position of feet so that shoes and
AFOs can be employed to assist in transfer into
the wheelchair or to prevent ulcerations.

Poliomyelitis

Poliomyelitis is an infectious disease caused
mainly by the poliovirus. The condition has

Fig.3.27 Polio Unit Los Angeles in 1952

existed for thousands of years with depictions
of the disease in ancient art (Fig. 3.26) [53].
Poliomyelitis was recognized as a distinct con-
dition, by Michael Underwood in 1789 [54].
Karl Landsteiner discovered the virus in 1908
[55]. In the twentieth century, outbreaks of
the disease occurred in the United States and
Europe making the disease one of the most
prevalent childhood diseases at the time, and
the polio outbreak in 1952 became the worst in
our nation’s history [56]. Polio units developed
and became the precursors to the modern ICU
(Fig. 3.27).

In part due to the epidemics of polio, Jonas
Salk developed the first vaccination in the 1950s
in hopes of eradicating the disease worldwide.
In 1961 the oral form of the vaccination devel-
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oped by Albert Sabin became commercially
available. Unfortunately, the disease has made
a comeback with reports in Syria in 2013, and
in 2014 the World Health Organization declared
a public health emergency of international con-
cern due to outbreaks in Asia, Africa, and the
Middle East [57].

Once infected, there is no cure for the disease
so prevention is critical. Poliomyelitis is highly
contagious, and one can be infected by fecal-
oral or oral-oral contamination. The incubation
period is 6-20 days in most cases. Following
the infection, two clinical presentations occur.
Most often, a minor illness can occur that does
not involve the central nervous system called
abortive poliomyelitis, and this occurs in about
75% of patients infected with the poliovirus.
These patients typically are asymptomatic but
on occasion will have minor symptoms that
are typically upper respiratory in nature with a
sore throat and fever. There may be gastrointes-
tinal symptoms such as nausea, vomiting, and
abdominal pain.

The major illness, which represents about
1% of the cases, does involve the central ner-
vous system and can be paralytic or non-par-
alytic. Most of the time, patients will develop
non-paralytic aseptic meningitis with symp-
toms of head and neck ache. They will gen-
erally have abdominal and extremity pain,
fever, vomiting, lethargy, and irritability. The
paralytic form occurs in about 1-4 in 1000
cases characterized by muscle weakness that
can eventually progress to complete paraly-
sis. This condition is known as acute flaccid
paralysis, and depending on the location of the
involvement, patients may need support for
respiration. They may have changes in mental
status.

The likelihood of developing paralytic
polio increases with age, as does the extent of
paralysis. In children, non-paralytic meningi-
tis occurs in only 1 in 1000 cases. In adults,
paralysis occurs in 1 in 75 cases. In children
under 5 years of age, paralysis of one leg is
most common and in adults extensive paralysis
can lead to quadriplegia and respiratory com-

plications. The spinal form occurs in about 80%
of the cases and affects the anterior horn cells.
This results in rapid paralysis of the involved
muscles especially in the proximal groups in
any given limb. The extent of the spinal paraly-
sis depends on the region of the cord affected,
which can involve cervical, thoracic, or lumbar
regions. Sensation to the affected area is usu-
ally not affected.

Treatment for polio is primarily palliative.
With skeletal growth, soft tissue contractures,
foot deformities, and limb length discrepancies
can develop in patients with poliomyelitis [58].
The goal of surgical treatment is to obtain a pain-
less plantigrade foot and a stable lower limb. This
is accomplished through conventional corrective
osteotomies, arthrodesis, and release of various
soft tissue contractures. Open and/or closed treat-
ment with circular external fixation is often used
for simultaneous leg lengthening and deformity
correction [59].
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Digital Deformities
of the Pediatric Foot

Irina Bazarov and Mitzi L. Williams

Polydactyly

Polydactyly is a common congenital digital
deformity characterized by formation of supernu-
merary digits. It is the most common congenital
deformity of the hand and foot, with incidence in
the foot of approximately 1 per 1000 live births
[1]. Bilateral involvement is seen in 25-50% of
patients [2]. No gender predilection is observed.
Prevalence appears to be higher in black and
Asian populations [3]. Polydactyly of the hand or
foot can be associated with genetic syndromes,
such as Pallister-Hall, Lawrence-Moon-Bardet-
Biedl, and Ellis-Van Creveld [2], or may occur
as an isolated trait with an autosomal-dominant
pattern of inheritance [4]. Up to 30% of subjects
report positive family history of this trait [2].
Many classification systems for polydactyly
have been described. Anatomic classification
has been proposed by Temtamy and McKusick

I. Bazarov

Department of Podiatry, Kaiser Permanente,
San Jose, CA, USA

e-mail: Irina.bazarov@kp.org

M. L. Williams (Ix)

Kaiser San Francisco Bay Area Foot and Ankle
Residency Program, Department of Orthopedics and
Podiatric Surgery, Kaiser Permanente,

Oakland, CA, USA

Pediatry Institute Faculty Member, American
Academy of Foot and Ankle, Osteosynthesis,
Oakland, CA, USA

e-mail: mitzi.l.williams @kp.org

© Springer Nature Switzerland AG 2020

[5]. It divides the deformity into preaxial, post-
axial, and mixed based on the location of the
supernumerary digit relative to the line bisect-
ing the second ray. In this classification, preaxial
polydactyly refers to duplication of the first or
second digit, while postaxial polydactyly refers
to duplication of the third, fourth, or fifth digits
(Fig. 4.1).

Each category is further subdivided into
types, based on the morphology of the supernu-
merary digit. Preaxial polydactyly is subdivided
into four types: duplication of the hallux (type
1), duplication of the triphalangeal hallux (type
2), duplication of the second digit (type 3), and
polysyndactyly (type 4). Postaxial polydactyly
is subdivided into two types: a fully developed
extra digit (Type A) and a rudimentary extra digit
(Type B).

Temtamy’s and McKusick’s classification
system doesn’t account for all types of poly-
dactyly, so several other classification systems
followed in an attempt to provide the most com-
prehensive approach to describing the condition.
Venn-Watson has proposed a scheme based on
morphological configuration of the metatarsal
[6]. He subdivided preaxial polydactyly into two
groups: short block first metatarsal and wide first
metatarsal. Postaxial polydactyly was subdivided
into five categories, from least differentiated to
more differentiated: soft tissue duplication, wide
metatarsal head, T metatarsal, Y metatarsal, and
complete duplication (Figs. 4.2 and 4.3).
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Fig.4.1 Preaxial polydactyly

Fig. 4.2 Postaxial polydactyly

Watanabe and colleagues [7] based their clas-
sification system on the ray involvement and the
level of duplication. They subdivided medial ray
polydactyly into tarsal, metatarsal, proximal, and

Fig. 4.3 Postaxial polydactyly, Y metatarsal

distal phalangeal types and central and lateral ray
polydactyly into metatarsal, proximal, intermedi-
ate, and distal phalangeal types.

Lee and colleagues have proposed a classifi-
cation system of postaxial polydactyly based on
the site of origin of extra digit [8]. They divided
accessory digits into five types: a floating type,
middle phalangeal (MP) type, proximal pha-
langeal type, fifth metatarsal type, and fourth
metatarsal type. The proximal phalangeal type
is further subdivided into proximal phalangeal
lateral (PPL), proximal phalangeal medial, and
proximal phalangeal head (PPH) types. The
fourth metatarsal type involves an abnormal-
appearing extra digit syndactylized with the
fifth digit. The authors reported that the super-
numerary toes that were more distal in origin
demonstrated higher degree of osseous fusion
with the normal toes and were thus more dif-
ficult to manage.
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Seok and Kwon have devised a classification
system for polydactyly of the foot based on the
key anatomic features of the deformity affecting
surgical planning. This classification aimed to
provide guidelines for surgical decision-making
and predict outcomes. Their classification system,
entitled SAM, categorizes each deformity based
on the presence and the extent of syndactylism,
axis deviation, and metatarsal extension. Three
types were described within each category, from
least severe to most severe, with each deformity
designated by a combination of three letters (S,
A, M, with numbers 0-2). For instance, SoA;M,
describes a deformity with no syndactylism, less
than 15 degrees of axis deviation, and metatar-
sal shaft duplication. The combination of letters
and numbers for each deformity would also serve
to guide surgical treatments, with SO requiring
simple excision versus S1 and S2 necessitating
a skin graft, A1 and A2 warranting a closing
wedge osteotomy and possible collateral liga-
ment reconstruction, and M 1 and 2 potentially
dictating a need for proximal extension of the
dissection and excision of redundant parts of the
metatarsal.

One may also consider utilizing the terms
tibial polydactyly and fibular polydactyly for the
location of the duplicated digit. The authors pre-
fer this terminology as patients can have a con-
genital dysmorphic feature of the tibial or fibular
aspects of the entire lower limb in association
with polydactyly.

Treatment indications for foot polydactyly
include shoe-fitting problems, pain and cosmesis,
or social anxiety. Conservative treatment options
are limited to accommodative shoe gear with
widened toe box to prevent impingement and
orthotics or metatarsal pads to relieve transfer
metatarsalgia [4]. Surgical treatment is pursued
if conservative treatment options fail to alleviate
pain and for social concerns. Surgical approach
and procedure choice are guided by the anatomic
location of the deformity and the morphology of
the supernumerary digit.

While there is not an absolute age in which to
surgically intervene, many tend to wait until at

least the second or third year of life to operate.
Surgery should be delayed until at least the sec-
ond year of life to reduce the risk of anesthesia-
related complications [4]. With concerns for
general anesthesia effects on cognitive develop-
ment in children under 3 years of age, one may
delay if patient is stable. Delaying surgical inter-
vention can facilitate improved identification of
the hypoplastic digit and the redundant tissue [4].
Unfortunately, in the presence of persistent skin
problems and/or infections, some patients may
require intervention sooner.

Postaxial (fibular) polydactyly is the most
common form of polydactyly in the foot,
accounting for roughly 80% of all cases [1].
Typically, it is also the simplest one to treat.
Most studies advocate removal of either the
most lateral or the most underdeveloped digit
[1, 9, 10]. In the cases involving duplication or
widening of the metatarsal head, excision of the
redundant bone, capsular repair, and possible
stabilization of the joint with a K-wire are rec-
ommended. Amputation of the most lateral digit
is typically performed through a racquet incision
[11]. The incision is extended proximally in a
linear fashion in the cases necessitating removal
of a redundant metatarsal. Long-term postoper-
ative follow-up demonstrates that surgical treat-
ment of postaxial polydactyly is generally very
successful, with low rate of recurrences or com-
plications [1, 9]. Osseous recurrence rates and
duplicated nail regrowth rates tend to be higher
in younger surgical patients.

Preaxial polydactyly is seen in 11 to 16% of
all polydactyly cases [4]. Surgical treatment of
preaxial polydactyly consists of removal of the
most medial or the most rudimentary hallux.
Careful soft tissue rebalancing with reattachment
of abductor and adductor halluces tendons and
intermetatarsal ligament repair is recommended
to prevent hallux varus, which is a frequent com-
plication of this surgery. In his series of 16 pre-
axial polydactyly cases, Phelps reported an 88%
incidence of hallux varus [1]. The prevalence
of hallux varus was noted to be higher in block
metatarsal deformities.
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Central polydactyly is the least common form
of polydactyly, occurring in 6% of cases [1]. Its
treatment involves excision of the supernumerary
digit, which is traditionally performed through a
dorsal racquet incision [12]. Persistent forefoot
widening is one of the most frequent complica-
tions of this procedure [1, 7]. To improve esthetic
and functional outcomes, Allen introduced a
novel approach for central ray excision using
plantar and dorsal advancement flaps. This tech-
nique was shown to result in improved cosmetic
and functional outcomes, with forefoot narrow-
ing maintained with growth after a mean follow-
up of 8 years [12]. Due to extensive soft tissue
dissection associated with this approach, spe-
cial attention needs to be paid to preservation of
blood supply to the adjacent digits to avoid vas-
cular compromise.

Primary complications of surgery for the treat-
ment of polydactyly include recurrence, infection,
wound healing problems, nail bed problems, per-
sistent swelling, and pain. Recurrence rates can be
reduced by delaying surgery to allow for osseous
growth. Care should be taken to minimize tension
on surgical incisions. Dehiscence rates are higher
when tension is increased or when hemostasis is
not maintained. A running subcuticular closure or
absorbable sutures in a simple fashion may be uti-
lized to avoid office suture removal. Nylon skin
closure may also be beneficial especially in areas
of mobility or additional tension. The authors
do not promote suture ligation in an infant given
risks of infection, wound complications, and an
amputation neuroma.

Syndactyly

Syndactyly is a common congenital deformity
characterized by the presence of webbing between
the toes. It is seen in 1 per 2000 people and usu-
ally involves 2nd and 3rd toes [4]. Syndactyly
is caused by the rapid arrest in embryologic
development of the limb buds between 6th and
8th weeks IU, which can be caused by genetic
factors or an intrauterine assault [13]. It occurs

Fig. 4.4 Complex digital abnormality demonstrating
syndactyly

either as an isolated deformity or as a part of a
genetic syndrome. Syndactyly is seen more com-
monly in whites compared to blacks and exhibits
no gender predilection (Fig. 4.4) [13].

Davis and German have classified syndactyly as
incomplete or partial (the webbing doesn’t extend
to the distal aspect of the digits), complete (the
webbing extends to the distal aspect of the digits),
simple (no phalangeal involvement), and compli-
cated (abnormal phalangeal bones) [14]. Temtamy
and McKusick proposed an alternative classifica-
tion based on the presence of associated deformi-
ties [5]. They divided the syndactyly into five types,
zygodactyly (type 1), synpolydactyly (type 2), ring



4 Digital Deformities of the Pediatric Foot

99

finger-small finger syndactyly (type 3), Hass type
(type 4), and syndactyly with metatacarpal fusion
(type 5). Zygodactyly refers to presence of web-
bing between the toes without duplication of the
digits. Synpolydactyly refers to syndactyly of the
4th and 5th toes with associated polydactyly of the
Sth toe included in the web between the 4th and 5th
digits. Types 3-5 refer to syndactyly of the hand
and will not be discussed here.

Definitive treatment of syndactyly consists of
surgical reconstruction of the webspace. Due to
high incidence of postoperative complications
seen with this procedure, treatment is typically
not indicated for syndactyly without associated
bony deformities [15]. Synpolydactyly, on the
other hand, is commonly associated with func-
tional problems, such as difficulty with shoe gear
fitting, and may be addressed surgically.

Studies recommend delaying surgery until
at least 3 years of age to minimize the risk of
anesthesia-related complications. Although wait-
ing until the fifth year of life may facilitate a more
complete radiographic assessment of the prob-
lem, prolonged waiting period may cause distress.

Surgical options for desyndactylization
include skin flaps, grafts, and tissue expan-
sion. Various combinations of Z-plasties have
been described [15-17]. Careful planning of
the flap placement is necessary to avoid exces-
sive tension on the desyndactylized digits and
skin necrosis. Hypertrophic scar formation
may lead to severe digital contracture and is
one of the most common causes of failure of
the procedure [15]. The use of full-thickness
skin grafts obtained from the dorsum of the
foot, groin, and abdomen has been described.
Possible concerns associated with this proce-
dure include donor site morbidity and pigmen-
tation mismatch [4].

Macrodactyly

Macrodactyly is a rare congenital deformity of
the hands and feet characterized by the enlarge-
ment of soft tissue and osseous elements of the

digit [18]. The condition may occur as a part of
a syndrome, such as Klippel-Trenaunay-Weber,
proteus, or neurofibromatosis, or as an isolated
phenomenon [19]. The etiology of the defor-
mity is unknown, though some studies implicate
hyperinduction of a neurotrophic mechanism
responsible for normal pedal growth [20]. Slight
male predilection has been noted [21]. Second
and third digits are affected most often [21].
The deformity is manifested by the enlargement
of the bony phalanges and accumulation of the
fibrofatty tissue (Fig. 4.5).

Concomitant metatarsal enlargement is seen in
over 50% of the patients [4]. Tendons and nerves
are often spared in the foot [21]. The condition
is described as static, when the enlargement of
the digit is present at birth, and its growth is pro-
portional to the growth of the normal digits, or
progressive, when the involved digit grows faster
than the normal digits [19].

Clinically and radiographically, the affected
foot appears wider and longer compared to the
unaffected one. The enlarged digit tends to sublux

.

Fig. 4.5 (a) Macrodactyly. (b) Second toe demonstrates
asymmetrical growth of soft tissue and bone
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dorsally and deviate laterally or medially due to
asymmetrical growth of the soft tissue and bone.
Finding a shoe to accommodate the deformity can
be challenging. Due to abnormal biomechanics
and pain, patients with macrodactyly frequently
exhibit apropulsive gait.

Treatment options include shoe gear modifica-
tions for mild deformity and surgical correction
for moderate or severe deformity. The goal of
surgical treatment is to produce a painless cos-
metically acceptable foot that can be accommo-
dated in regular shoe gear.

Optimal timing of surgical intervention is
controversial. Most authors recommend per-
forming the surgery before or around the walk-
ing age (12-13 months) in order to minimize
the effect on the adjacent digits and prevent gait
abnormalities [21, 22]. Some authors, however,
advocate waiting anywhere from 4 years of age
to skeletal maturity, to facilitate proper assess-
ment of the growth potential of the hypertrophic
tissues [23].

Pre-operative evaluation should include clin-
ical examination and weight-bearing X-rays of
the affected foot. Procedure selection should be
guided by the anatomic location and the level
of the deformity. Macrodactyly limited to pha-
langes can be treated with isolated digital pro-
cedures, which include soft tissue debulking,
phalangectomy, arthroplasty or arthrodesis,
epiphysiodesis, and amputations. Isolated soft
tissue debulking is usually not recommended,
as it carries a risk of wound healing complica-
tions and high recurrence rate [22]. Procedures
for shortening of the digit include arthrodesis
[19], excision of the distal phalanx and soft
tissue reconstruction with a dorsal flap [24],
phalangectomy of the middle phalanx [25], and
epiphysiodesis of the proximal phalanx [26].
Indications for digit-sparing procedures, how-
ever, may be limited to mild cases of static mac-
rodactyly, since these surgeries don’t address
increased girth of the digit, and are associated
with high recurrence rates especially in cases of
progressive deformity. Studies suggest that in

cases of moderate or severe deformity, and pro-
gressive form of macrodactyly, digital amputa-
tions may be more successful [18].

Options for treatment of macrodactyly of
the forefoot include epiphysiodesis with soft
tissue debulking and ray resection. Chang and
colleagues have proposed a simple protocol for
treatment of forefoot macrodactyly based on the
ratio of metatarsal spread angles (MSA) between
the affected and unaffected foot [22]. The MSA
is measured on anteroposterior weight-bearing
radiographs and represents an angle formed by
the medial border of the first metatarsal and lat-
eral border of the fifth metatarsal. The authors
suggested that MSA can be reduced by an aver-
age of 10 degrees following a ray resection. Based
on this finding, they suggested that macrodactyly
with MSA of less than 10 degrees can be treated
with a combination of metatarsal epiphysiodesis
and soft tissue debulking, while deformities with
MSA greater than 10 should be addressed with
ray resection.

Treatment of hallux and first ray macrodactyly
is especially challenging due to the important role
of the first ray in weight bearing and normal gait.
Studies recommend avoiding resection whenever
possible and performing shortening and debulk-
ing procedures instead [22].

Curly Toes (Fig. 4.6)

Curly or underlapping toe is a common con-
genital digital deformity characterized by plan-
tarflexion, medial deviation, and varus rotation
of the toe at the distal interphalangeal (DIP) or
both DIP and proximal interphalangeal (PIP)
joints. The condition is often hereditary, with
positive family history and autosomal-dominant
pattern of inheritance [13]. Bilateral involve-
ment is common. Third, fourth, and fifth digits
are most frequently affected [27]. The etiology
of the deformity is not completely understood.
Curly toes are seen more frequently in patients
with flexible pes planus and metatarsal adductus



4 Digital Deformities of the Pediatric Foot

101

Fig. 4.6 Curly toe

[28], which may suggest that the flexor stabili-
zation mechanism is an important driving force
in this deformity.

Curly toes are usually noticed in early infancy.
At this stage, they are rarely symptomatic but
may cause parental anxiety. Parental reassur-
ance and education are the main goals of that
initial visit. Spontaneous self-correction of the
deformity before the age of 6 occurs in up to
25% of the patients [29]. Therefore, delaying
surgical intervention until the age of 6 is usually
recommended.

Toe strapping is one of the available non-
operative treatment modalities, which can be
attempted at any age. Its effectiveness, however,
is controversial. In a study by Turner, toe strap-
ping was performed daily on 28 children over
5 months of age for an average of 13 months
[30]. No statistically significant difference was
noted in the improvement rates between the study
group and a control group, consisting of children,
who received no treatment. In another study,
Smith and colleagues performed daily toe strap-
ping for 3 months on 68 children with underlap-
ping and overlapping toes, all of whom were no
older than 10 days [29]. The authors observed a
94% improvement rate, which led them to sug-
gest that toe strapping may be more successful in
younger children.

Surgical treatment is reserved for patients
with persistent deformity that is symptomatic.
The patients may present with blisters or calluses
at the tip of the underlapping toe or the plantar
aspect of the adjacent toe. Others may pres-
ent with nail deformities or pain in shoes [31].
Waiting until the child is at least 6 years old is rec-
ommended to allow a toe sufficient time to self-
correct. If condition is becoming more semi rigid
intervention may take place sooner to minimize
the need for osseous procedures to come.Likwise
if the child is undergoing another procedure
under general anesthesia it may be performed to
minimize subsequent anesthesia events. Tendon
transfers and tenotomies are recommended for
the patients with reducible curly toe deformity,
while arthroplasties, arthrodesis procedures, and
phalangectomies are reserved for patients with
semi-rigid or rigid contractures.

Flexor-to-extensor tendon transfer has been
popularized by Girdlestone and Taylor for treat-
ment of claw toes in 1951 [32]. The procedure
allows to recreate the dynamic pull of the intrin-
sic muscles and provides triplanar correction
[33]. This procedure was shown to be effective
for correction of central curly toes, 2, 3, and 4.
The procedure is performed through a dorsolat-
eral incision made over the extensor expansion.
The long flexor is divided close to its insertion
and transferred dorsolaterally, slightly distal to
the extensor expansion, where it is attached under
tension. Toe stiffness is a common side effect fol-
lowing this procedure [27].

Open or percutaneous flexor tenotomy may
be preferred to flexor-to-extensor tendon trans-
fer to avoid postoperative toe stiffness. The pro-
cedure is performed through a small transverse
stab incision on the plantar aspect of the toe or
a more extensive longitudinal incision [34]. The
long and short flexor tendons are released, and
the toe is pinned with a K-wire or taped in the
corrected position. Studies comparing flexor-to-
extensor transfer and flexor tenotomy procedures
suggest similar success rates with both proce-
dures, with patient satisfaction being higher with
flexor tenotomy [27, 35]. This procedure is also
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preferred for treatment of the underlapping fifth
toe, for which flexor-to-extensor tendon transfer
is not indicated [31].

Treatment of a rigid or semi-rigid overlap-
ping toe involves proximal interphalangeal joint
arthroplasty or fusion with concomitant flexor
tenotomy or transfer [31]. Dorsolateral closing
wedge arthroplasty may be performed to shorten
and derotate the digit [36]. The procedure may be
supplemented with capsular releases and phalan-
geal osteotomies for corrections of severe defor-
mities. Postoperatively, the toe is usually held
reduced with a K-wire for 6 weeks to prevent
loss of correction. Treatment of a rigid underlap-
ping fifth toe represents a surgical challenge. No
satisfactory solutions for this problem have been
described as of yet.

Overlapping Toes

Overlapping toe is a congenital deformity
characterized by adduction and hyperexten-
sion of the toe at metatarsophalangeal joint,
which results in the toe overriding the adjacent
digit. Fourth and fifth toes are most commonly
involved [13]. The condition is seen bilater-
ally in about 25% of patients [37] and may be a
source of considerable discomfort. The etiology
of the deformity is not completely understood.
Strong familial component has been implied.
Tightness of dorsomedial capsule, ligaments,
extensor tendon, and skin at the medial aspect
of the digit is frequently noted [37].

As with curly toes, parents’ education and
reassurance are essential in treating small chil-
dren. Depending on the severity of the deformity,
crossover toes may remain asymptomatic, which
is the case in about 50% of the patients [38].
Spontaneous resolution of the deformity when
the child begins to walk occurs in about 15% of
the cases [37].

Symptomatic patients complain of painful
corns on both the overriding and the underrid-
ing digits, pain on the ball of the foot, footwear-
related discomfort, and activity limitations.
Non-operative treatment options include toe
strapping, shoe gear accommodations, callus

debridement, orthotics, and activity modification.
The effectiveness of toe strapping is controversial
[29, 30], but it may provide temporary relief by
holding the toe in the reduced position while the
patient is wearing shoes.

Surgical treatment options include soft tis-
sue procedures, osseous corrections, and ampu-
tations. Soft tissue procedures are indicated for
treatment of reducible deformities in younger
patients and consist of skin plasties, soft tissue
releases, and tendon transfers.

Dorsomedial skin contracture at the base of
the overlapping toe can be addressed with V-to-Y
skin plasty [39, 40], double-racquet incision [38],
or syndactylization of the overlapping toe to the
adjacent digit [41]. When performing a V-to-Y
plasty, a V-shaped incision is placed over the dor-
somedial base of the affected toe [40]. The apex
of the incision is extended proximally to form
a “Y” and is closed without tension. No high-
quality outcome data on this technique is avail-
able, but in his small case series of 10 patients
with overlapping 5th toes treated with a combi-
nation of V-to-Y skin plasty, capsulotomy, and
extensor tenotomy, Paton reported deformity
recurrence in 60% of the patients at 2 years
mostly due to formation of the hypertrophic scar
[40]. Double-racquet incision was described by
Butler and consists of a circumferential incision
around the base of the digit with plantar and dor-
sal handles, which allow for contracture release
and skin closure [38]. In his retrospective case
series of 36 pediatric patients with overriding 5th
toe, Black reported excellent results in 78% of
the patients. Potential complication of this pro-
cedure is neurovascular compromise, which can
be avoided by employing meticulous dissection.
Syndactylization of the overlapping toe with an
adjacent toe (usually 4th and 5th toes) has been
advocated for young children as a technically
simple technique for permanent splinting of the
overlapping toe. Good functional outcomes have
been reported by Marek et al. [42]. In older chil-
dren and adults with a more rigid deformity, con-
comitant phalangectomy is recommended [13].
Abnormal cosmetic appearance of the toe fol-
lowing the procedure may be a cause of dissatis-
faction for the parents and the patient. Therefore,
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thorough pre-operative discussion with the par-
ents and patient is recommended.

Extensor tendon lengthening or release, along
with release of dorsomedial metatarsophalangeal
joint capsule, is an important part of soft tissue
correction for treatment of the overlapping toe.
Lapidus reported excellent results with extensor
stabilization consisting of transfer of the long
extensor tendon to the abductor digiti minimi
[43]. The drawbacks of the procedure are exten-
sive dissection and postoperative toe stiffness.

Osteotomy or arthroplasty is indicated for
treatment of the rigid overlapping toe deformity,
which is usually seen in older patients. Complete
proximal phalangectomy of the 5th toe has been
described with mixed outcomes due to high inci-
dence of overshortening of the toe leading to
hammertoe deformity of the adjacent digit [13].

Amputation of the overlapping toe was pop-
ularized in the 1940s but subsequently drifted
out of favor mostly due to cosmetic concerns.
Amputation remains, however, a simple proce-
dure with rapid functional recovery and effective
pain relief [31]. Occasional complaints of promi-
nent 5th metatarsal head leading to plantar lateral
callus formation can be addressed with padding
or possible osseous procedure of the metatarsal.

Digital Deformities and Genetic
Syndromes

Congenital digital deformities may occur as an
isolated condition or as a part of a known genetic
syndrome. In some cases, digital deformities may
be the most easily recognizable manifestations of
a generalized genetic disorder. A foot and ankle
surgeon may, therefore, be the first clinician to
make the diagnosis and refer the patient for fur-
ther evaluation. For this reason, general knowl-
edge of genetic syndromes associated with digital
pathology and understanding of the elements of
history and clinical exam that may provide the
necessary clues are very important. Below, we
provide a brief review of the genetic syndromes
associated with digital deformities.

Polydactyly is encountered in over 300 of
well-characterized genetic syndromes [44, 45].

When it is a part of a generalized genetic con-
dition, polydactyly can be seen in several gen-
erations and be bilateral and symmetrical [44].
Ellis-Van Creveld syndrome is an autosomal
recessive condition characterized by postaxial
polydactyly; dwarfism; dysplasia of nails, teeth,
and gums; and congenital heart disease. About
half of the patients die in early childhood due to
cardiopulmonary complications. The rest of the
patients may live well into the adulthood and be
functional members of the society occupying
variety of jobs despite their significant orthope-
dic malformations. Weiner reported on a large
community of Amish patients with Ellis-Van
Creveld living in rural Pennsylvania, who suc-
cessfully participated in a variety of manual labor
jobs [46].

Polydactyly is a commonly seen feature of
Down syndrome, or Trisomy 21. Patients with
this disorder suffer from intellectual and physical
disability, generalized joint laxity, and hypotonia.
Foot problems are very prevalent in this patient
population, with up to 66% of patients experi-
encing foot pain daily [47]. Besides polydac-
tyly, patients with Down syndrome often present
with severe pes planus and hallux valgus [48].
The clinical exam of these patients is notable for
reduced lower extremity muscle strength, apro-
pulsive gait pattern, and postural instability [49].
Treatment approach to these patients should be
focused on reducing pain and providing a stable
weight-bearing platform. Multiple deformities
may need to be addressed simultaneously instead
of focusing on correcting just one specific defor-
mity or one area of the foot.

Multiple syndactylies of the hands and feet are
the hallmark of Apert’s syndrome. The condition
is very rare, with incidence of 1 case per 65,000
live births [50]. It is characterized by craniosyn-
ostosis, midfacial hypoplasia, syndactyly of all
digits, and a broad thumb or hallux. Other com-
mon features seen in patients with Apert’s are
fusions between metatarsals and tarsal coalitions
(Fig. 4.7) [51].

The extent and severity of a limb deformity
dictates treatment approach. As is the case in
patients with Down syndrome, the surgical goal
for patients with Apert’s syndrome is to provide
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Fig. 4.7 (a) Clinical presentation of Apert’s syndrome. (b) Abnormal configuration of forefoot and tarsal bones. (c)
Amputation of digits
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a stable pain-free platform for walking. Release
of syndactylies is not recommended unless the
syndactyly is associated with polydactyly [50].
Osteotomies and amputations are used to address
a fixed deformity. As with majority of syndromes,
addressing the whole foot instead of its specific
parts is recommended to provide more functional
results and avoid additional surgery.

Premature birth and low birth weight is associ-
ated with cerebral palsy. With increased survival
rates of premature infants among neonatal inten-
sive care units, clinicians may see more digital
deformities linked to cerebral palsy and the equi-
nus, equinovarus, or valgus deformities which
can arise. Early intervention is key to assist with
developmental delays while deformities of the
foot and digits require individual evaluation.
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Pediatric Brachymetatarsia

Bradley M. Lamm, Emily D. Pugh,

and Jessica M. Knight

Introduction

Brachymetatarsia is a condition that occurs
when the epiphyseal growth plate in one or more
metatarsals closes prematurely, causing ana-
tomic shortening. The fourth metatarsal is most
commonly affected, and when more than one
metatarsal is involved, the condition is termed
brachymetapody. The fourth digit tends to sit ele-
vated on the dorsum of the foot causing pain, cal-
luses, and irritation along with other associated
clinical concerns (Fig. 5.1). Acute and gradual
lengthening are both employed in surgical cor-
rection of brachymetatarsia, and when length of
1 cm or more is desired, gradual lengthening with
external fixation, termed distraction osteogen-
esis, is preferred [1].

The condition arises from congenital,
acquired, or idiopathic origin. Acquired short
metatarsals are caused by trauma, infection,
tumor, Freiberg’s disease, radiation, or surgery,
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which can be associated with skeletal and sys-
temic abnormalities such as sickle cell anemia,
multiple epiphyseal dysplasia, multiple heredi-
tary exostosis, and juvenile rheumatoid arthritis.
Acquired brachymetatarsia is mainly unilateral
in presentation, whereas congenital brachymeta-
tarsia is more often bilateral and associated with
other skeletal abnormalities [1, 2].

Brachymetatarsia brought about through iat-
rogenic means during surgery may be due to
osteotomies of the metatarsals, traversing the
physis during fixation, and internal or external
fixation inducing either premature growth arrest
or synostosis between metatarsals. A malposi-
tioned first metatarsal following bunion surgery
or an overly aggressive first metatarsal medial
cuneiform arthrodesis can also result in an iatro-
genically short first metatarsal [1, 2].

Treatment of brachymetatarsia involves man-
aging the symptomatic biomechanical issues as
well as cosmetic and psychological concerns.
Clinical issues include dorsal displacement of
the affected toe, painful corns and calluses, toe
dysplasia including a short phalanx, and transfer
metatarsalgia. Shoeing can pose difficulty due
to the high riding toe on the dorsum of the foot,
which produces plantar metatarsal head calluses
and dorsal digital corns [1, 3]. The adjacent digits
tend to deviate into the position of the short toe,
creating deformities of these digits. Windswept
deformity of the digits with resulting bun-
ion deformity is seen in cases of long-standing
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Fig. 5.1 Clinical preoperative photograph of a congenital short fourth metatarsal on the left. Note the elevation and
dorsal displacement of the fourth digit. (a) Front view. (b) Side view

brachymetatarsia as the digits assume a global
transverse deviation. Surgery to lengthen the
metatarsal can address the root of these defor-
mities while also thus improving cosmesis and
decreasing associated pain; once lengthening
has been adequately achieved, further operative
fine-tuning can rebalance the foot by addressing
accompanying deformities [4].

Incidence

The prevalence has been reported to be anywhere
from 1 in 1820 to 1 in 4586 [5, 6] in the lesser
metatarsals and 1 in 10,000 in the first metatarsal
[7]. Females are affected more frequently with
a female-to-male ratio of 25:1 [6], and the con-
dition occurs bilaterally in 72% of patients [8].
Brachymetatarsia is either isolated or associated
with systemic syndromes, endocrinopathies, or
dysplasias including polydactyly and syndactyly.

Clinical Evaluation

Because brachymetatarsia often coexists with
other skeletal or systemic abnormalities, obtain-
ing a detailed patient history is critical. In the
absence of a concomitant systemic diagnosis, the
patient should undergo a complete medical evalu-
ation prior to surgical intervention. Performing a
comprehensive clinical examination of the lower
extremity is crucial in evaluating the affected

metatarsals and identifying potential coexisting
deformities.

Specific maneuvers in the clinical evaluation
are employed in both weightbearing and non-
weightbearing exams. In weightbearing stance,
the affected digit’s elevation is observed with the
foot flat and again with the foot in the propulsive
phase of gait in order to determine its purchase
(or lack thereof) on the weightbearing surface
(Fig. 5.2). With the foot nonweightbearing, plan-
tarflexing the MTPJ’s simultaneously renders the
metatarsal heads prominent through the dorsal
skin, thereby displaying the metatarsal heads in
their natural parabola. Thorough examination of
the skin should also be performed for the assess-
ment of callus patterns, which provide useful
information regarding load distribution.

A dorsally displaced digit typically accompa-
nies the congenitally short metatarsal; this occurs
as the child develops, and the shortened metatar-
sal attempts to contact the ground at the same level
as the adjacent metatarsal heads. This increased
declination of the metatarsal head results in ret-
rograde buckling at the MTPJ, producing dorsal
displacement of the associated digit. The abnor-
mal digital alignment causes calluses at the
dorsal PIPJ of the elevated digit. When the first
metatarsal is involved, the increased metatarsal
declination also produces more plantar pressure
beneath the metatarsal head, resulting in a plantar
callus and cavus foot.

Compensatory soft tissue contracture at the
MTPJ should be evaluated by manually plan-
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Fig.5.2 Clinical preoperative photograph of a congenital
short fourth metatarsal with the foot positioned in the pro-
pulsive phase of gait; note the fourth digit’s lack of pur-
chase during propulsion

tarflexing the joint to assess its reducibility and
potential for realignment. The Kelikian push-up
test is performed to simulate weightbearing by
loading the lateral column of a non-weightbearing
foot. Only when simulated weightbearing is
achieved can the digital reducibility be tested.
Just as isolated hammertoe deformities have
varying levels of reducibility, the stiffness of
hammertoe deformities occurring concomitantly
with brachymetatarsia ranges from flexible to
semirigid to non-reducible. Reducible digits
allow for plantarflexion at the proximal phalanx,
which brings the toe plantigrade. Semi-reducible
deformities prohibit plantarflexion at the MTPJ,
which prevent the digit from being plantigrade.
Non-reducible deformities also prohibit plan-
tarflexion at the MTPJ with the difference being
that the digit is entirely dislocated. In these cases,
a complete MTPJ release including dorsal cap-
sulotomy, medial and lateral collateral ligament
release, extensor tendon lengthening, and plantar

plate release is recommended. A partial MTPJ
release with a dorsal capsulotomy should be per-
formed for reducible deformities. Arthroplasty
and arthrodesis are counterproductive as these
will shorten an already shortened toe. Typically it
is not necessary to lengthen the combined exten-
sor tendon of the toe when the fixator is placed.
In some cases, this may be done after lengthen-
ing. The placement of digital half-pins to bridge
the external fixator across the MTPJ allows the
digit to remain in its anatomic position during
and after lengthening [9].

Radiographic Evaluation

A key component in the preoperative workup of
any brachymetatarsia correction is a thorough
radiographic evaluation. The affected metatar-
sals typically exhibit slight deviation in both the
sagittal and transverse planes; therefore, obtain-
ing standard weightbearing views for bilateral
feet allows for multiplanar analysis of the short
metatarsals, which is critical for preoperative
planning of external fixation placement and oste-
otomy level.

The anteroposterior (AP) radiograph is ideal
for the evaluation of the metatarsal parabola,
which is the angle formed by connecting the dis-
tal articular surfaces of the first, second, and fifth
metatarsals (Fig. 5.3a). The parabola is quanti-
tatively measured as an angle formed between
a line connecting the distal ends of the first and
second metatarsals and a line connecting the dis-
tal ends of the second and fifth metatarsals. The
angle between these two lines is defined as the
metatarsal parabola angle (normal = 142.5°).
Deviation from this normal value indicates that
one or more elongated or shortened metatar-
sals are present. Bilateral radiographs are help-
ful when assessing patients with multiple short
metatarsals. Additionally, the AP view is used to
measure first metatarsal protrusion distance (nor-
mal = 2 mm plus or minus), which is defined as
the distance between the most distal points of the
second and first metatarsals. Finally, the trans-
verse plane deviation of the short metatarsal is
also important to assess. While brachymetatarsia
of the first and second metatarsals usually lacks
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Fig. 5.3 Preoperative left foot radiographs of a congenitally short fourth metatarsal. (a) AP view. (b) Lateral view

any transverse plan deformity, affected third and
fourth metatarsals typically have a slight medial
bow. To assess for this bowing, the fourth inter-
metatarsal angle (normal = 8-10°) is employed.
When lengthening a metatarsal with a slight
medial bow, an accurate vector of lengthening is
critical. Not taking this bowing into account may
result in encroachment of the metatarsal heads
and transverse deviation of the digit with subse-
quent pain.

On the lateral radiograph, increased declina-
tion of the affected metatarsal is appreciated
at the distal metaphyseal diaphyseal junction
(region of the previous growth plate), which can
result in a flexion deformity of the distal metatar-
sal (Fig. 5.3b). The corresponding proximal pha-
lanx of the short metatarsal is therefore dorsally
displaced secondary to the soft tissue adaptation
to a shorten metatarsal [3]. The short metatarsal
declination defines the plane of lengthening as
the half-pins of the external fixation device are
mounted perpendicular to the longitudinal bisec-
tion of the metatarsal in the sagittal plane.

Preoperative planning is important to iden-
tify the amount of metatarsal length necessary to
reestablish the metatarsal parabola. Predication of

the metatarsal length discrepancy also provides
an accurate calculation of the number of days
required for lengthening. Measuring the length
discrepancy is accomplished by drawing the
metatarsal parabola angle and measuring the lon-
gitudinal distance between the most distal point
on the affected metatarsal head to the metatarsal
parabola line. The amount of length needed is
then doubled to determine the approximate num-
ber of days required for the lengthening phase of
the treatment (0.5 mm/day). For example, if the
amount of metatarsal length needed to reestab-
lish the metatarsal parabola is 20 mm, the amount
of time required to obtain this length would be
approximately 40 days based on the desired dis-
traction rate of 0.5 mm per day. The latency phase
(5 days) is then added to this to calculate the total
duration of the lengthening phase (45 days).

The rate of distraction may need to be adjusted,
however, during the postoperative period depend-
ing on the course of the lengthening phase, and
therefore patient education is paramount. The
consolidation period typically takes at least the
same amount of time as the lengthening phase or
longer. Consolidation time is variable but typi-
cally ranges from 2 to 4 months [9].
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Lamm Classification
of Brachymetatarsia

Throughout the author’s vast experience in sur-
gical correction of brachymetatarsia, there have
been discrete types of deformity noted within the
affected ray. These deformities range from purely
shortened length of the metatarsal to irregulari-
ties of specific regions of the bone, including
the shaft, joint and head. Three broad categories
exist: type A includes those metatarsals that are
normal in all respects aside from their shortened
length; type B involves angulation of the shaft of
the affected metatarsal; and type C, congruency
of MTP joint which is associated with MTPJ
imbalances and metatarsal head and phalangeal
base irregularity. The classification system pro-
vides one number (1, 2, 3, 4, 5) and 3 letters
(A, B, C). The number indicates which metatar-
sal is short or hypoplastic. For example, 1 would
indicate the first metatarsal, and 4 would indicate
the fourth metatarsal.

Treatment Options

Procedures to treat brachymetatarsia attempt
not only to lengthen the metatarsal but to
restore the metatarsal parabola and maintain
or improve foot and digital function, thereby
decreasing pain [9-15]. Two primary surgical
techniques have been devised for the correction
of brachymetatarsia: acute and gradual length-
ening. Acute metatarsal lengthening (one-stage)
is performed with or without insertion of bone
graft and can be employed in cases where less
than 1 cm of length is desired. Gradual length-
ening involves placement of an external fixator
with distraction osteogenesis. Other techniques
include lengthening the short metatarsals and
shortening the long metatarsal with or with-
out bone graft, insertion of synthetic implant,
slide osteotomy with or without bone graft, and
amputation of the digit [12].

The distraction osteogenesis method of meta-
tarsal lengthening (callus distraction), while pre-
ferred for lengthening of 1 cm or more [1], may

offer distinct advantages over acute lengthening
regardless of the desired length [16]. Callus dis-
traction reduces the risk of neurovascular com-
promise due to the simultaneous gradual stretch
on the tendons, nerves, and vessels compared
with acute lengthening, which can cause severe
acute soft tissue stretch [1, 2]. Bone grafting
and donor site morbidity are completely avoided
since distraction osteogenesis allows for natural
regenerate bone formation.

Patients may prefer distraction osteogenesis
for multiple reasons, one of which may include
the ability to have input regarding the final length
obtained. Another primary advantage of hav-
ing an external fixator device is the means to be
weightbearing as tolerated in a surgical shoe and
shower throughout the entire course of treatment,
additionally, due to the minimally invasive nature
of the procedure and absence of a large surgical
incision.

Gradual distraction has been shown to have
the lowest incidence of complications when
compared to acute lengthening [17, 18] and is
the preferred technique in cases where previous
reconstructive procedures have failed due to its
relatively predictable nature [19]. The technique
can be performed in a minimally invasive fashion
via percutaneous metatarsal osteotomy, which
preserves the periosteum and decreases adja-
cent soft tissue disruption, thereby maximizing
the healing potential and minimizing scarring
[4]. Gradual lengthening has been undertaken
by multiple forms of external fixators, including
mini-Hoffman, Ilizarov semicircular, and mono-
lateral devices [20-23].

Postoperative stiffness of the MTPJ is one
inherent risk accompanying distraction osteogen-
esis, which commonly results from compression
to the joint during the lengthening phase [24,
25]. As the amount of metatarsal lengthening
increases, so does the risk for subluxation and
stiffness to the MTPJ. To decrease the risk of
postoperative stiffness, the forces exerted on the
joint must be lessened; this can be accomplished
by spanning the MTPJ with a second external
fixator as first described by Lamm in 2010 and
outlined in the following section.
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Surgical Technique

The patient is positioned supine on a radiolucent
table with a bump under the hemisacrum, obtain-
ing a foot forward position. Preoperative planning
with a four-pin small external fixator determines
the initial spread and locations of the pins. The
half-pins are placed in a bicortical fashion percu-
taneously under fluoroscopy, perpendicular to the
shaft of the metatarsal.

The first half-pin is placed at the metaphyseal-
diaphyseal junction as distal as possible. Under
fluoroscopic guidance on a lateral view, a 1.8 mm
wire is inserted percutaneously to predrill the hole
concentrically, perpendicular to the metatarsal.
Then a stab incision is made adjacent to the wire
with subsequent replacement of the wire with a
2.5 mm half-pin, usually measuring 70 mm in
total length and 20 mm of thread length. This first
pin determines the plane of lengthening because
the fixator is then mounted in a perpendicular
fashion. Care is taken to ensure that metatarsal
head’s final position is located at the appropriate
level in the sagittal plane. On a lateral view radio-
graph, the dorsal cortex of the short metatarsal is
parallel to the adjacent metatarsals, and therefore
placing perpendicular half-pins accurately posi-
tions the metatarsal head. When closely evalu-
ating the lateral radiograph, an increased fourth
metatarsal declination is noted at the level of the
distal metaphyseal-diaphyseal junction (region of
the growth plate). This distal flexion deformity of
the metatarsal head produces an extension con-
tracture of the toe.

To ensure sufficient lengthening potential, the
external fixator is set so that the lengthening bar
is long enough to accommodate the desired meta-
tarsal length. In cases where the affected meta-
tarsal is excessively short, spanning the Lisfranc
joint may be necessary by placing the most proxi-
mal half-pin proximal to the metatarsal base.

The second half-pin that is inserted into the
base of the metatarsal is the most proximal of all
four half-pins. It is just distal to the Lisfranc joint
and situated so that it is parallel to the first pin in
both the sagittal and transverse planes. Insertion
occurs in a similar fashion as the first half-pin,
with a percutaneous 1.8 mm wire used as a pre-

drill for half-pin placement. This second half-pin
is critical in establishing the direction of meta-
tarsal lengthening as two fixed points determine
a line and is important because it determines the
final position of the metatarsal head in the trans-
verse plan. Thus, bending the wire distally and
superimposing the wire on the distal half-pin
determines the direction of planned lengthening.
This placement is important to ensure the meta-
tarsal is not lengthened into an adjacent meta-
tarsal. The proximal half-pin is moved slightly
medially or laterally in the base of the metatarsal
to adjust the alignment prior to completing the
predrill hole. Also, this second half-pin (25 mm
thread length and 70 mm pin length) determines
the position of the most proximal half-pin duo
and thus indirectly determines the osteotomy
level. Therefore, the more proximal this second
pin is placed, the closer the level of the osteot-
omy will be to the metaphysis; this is preferable,
as a diaphyseal osteotomy requires a longer con-
solidation phase.

The third pin is placed just distal to the second
pin at the base of the fourth metatarsal, and the
fourth and final pin placed is placed just proximal
to the first pin in the shaft. The third and fourth
half-pins are placed in the same fashion as the
previous two half-pins, utilizing a 1.8 mm wire
as a predrill. The third and fourth predrill holes
are performed through the pin guide provided in
the small external fixator set. This ensure accu-
rate and parallel placement of the remaining
half-pins.

Two threaded pins 1.6 mm in diameter are
then placed into the base of the proximal pha-
lanx through two small percutaneous dorsal stab
incisions. These two pins are inserted through
the second external fixation pin clamp mounted
distally on the distraction bar. The proximal pha-
lanx pins are mounted in approximately 15° of
flexion as compared to the metatarsal declination.
A maximum dorsiflexion lateral digital fluoro-
scopic view is obtained to determine proper pin
placement. The two phalangeal threaded pins are
connected to the external fixator after the oste-
otomy is performed.

A 5 mm incision is made using a number
15 blade between the two metatarsal half-pin
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clusters, just distal to the most proximal set of pins
and lateral to the affected metatarsal at the level
of the proximal metaphyseal-diaphyseal junc-
tion. A straight hemostat is used to dissect down
to the metatarsal, avoiding periosteal disruption.
To begin the osteotomy, a 1.8 mm wire is used to
drill multiple orthogonal holes into the metatarsal
under fluoroscopic control. A small Hoke osteo-
tome is then used to complete the osteotomy with-
out producing excessive osteotomy displacement,
which can tear the periosteum. Application of the
preset external fixator with subsequent tightening
of the device reduces the osteotomy and positions
the metatarsal in both sagittal and AP view upon
checking with fluoroscopy.

Two 1.6 mm threaded pins in the proximal
phalanx are attached to a fixation block on a sec-
ond small external fixator, which is piggybacked
onto the primary fixator. The toe is then manually
reduced, and the distal pin block is attached to
the distraction bar. This is utilized to maintain a
neutral toe position and to protect the MTPJ from
subluxation and compression during lengthening.
About 3 mm of acute distraction at MTP]J is then
executed. While manually loading the foot (push-
up test), the toe is reduced into a rectus position
and the pin clamp is tightened. By incorporating
distraction of the MTPJ into the construct, post-
operative stiffness is decreased. Additionally,
performing the osteotomy at the proximal
metaphyseal-diaphyseal junction decreases the
forces directly exerted onto the MTPJ.

Once both fixators are applied and final posi-
tion checked via fluoroscopic imaging on both
AP and lateral views, the incision is closed and a
compressive wrap dressing is applied around all
six pins. Postoperatively, the patient is allowed
immediate weightbearing as tolerated in a wooden
bottom surgical shoe. Bilateral brachymetatarsia
is addressed in one surgical setting, and immedi-
ate weightbearing as tolerated in wooden bottom
surgical shoes is permitted.

Distraction is begun after a latency period of
5-7 days. Once distraction begins, it should typi-
cally occur at a rate of 0.25 mm twice per day,
although this rate and the duration of the latency
period are adjusted according to multiple factors,
including age and health of patient, technique, and

location of osteotomy. Follow-up should occur
every 2 weeks during the lengthening phase of
treatment, with serial radiographs taken to assess
progress. Once adequate length has been achieved,
the consolidation period commences and its dura-
tion depends on multiple factors; these include
location of osteotomy, age of the patient, medical
health status, medications, tobacco use, and the
rate and amount of lengthening. The typical con-
solidation period ranges from 2 to 4 months. Once
the fixator is removed, weightbearing as tolerated
in a surgical shoe ensues for an additional 4 weeks
to ensure healing of the pin sites.

It should be noted that the first and second con-
secutive half-pins each determine an important
aspect of alignment. The first pin is placed into
the neck of the metatarsal, perpendicular to the
metatarsal axis; therefore, this pin is the primary
determining factor in sagittal plane lengthening.
Since the half-pin is perpendicular to the metatar-
sal shaft and the short metatarsal declination angle
is normal, the final position of the metatarsal head
will become level with the adjacent metatarsals.
The second half-pin determines the direction or
vector of metatarsal lengthening, as it takes two
points to define a line. It is important that the vec-
tor of metatarsal lengthening be such that the final
position of the metatarsal head is located at the
appropriate level between the third and fifth meta-
tarsals [4]. Figures 5.4, 5.5, 5.6, and 5.7 shows the
postoperative clinical and radiographic results.

Fig.5.4 Postoperative clinical photograph showing a fix-
ator applied to the fourth metatarsal and fourth toe. Note
spanning of the fourth metatarsal phangeal joint provides
toe realignment and protection
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Fig.5.5 Postoperative clinical photographs showing reduction of the previously elevated and dorsally displaced fourth

digit. (a) Front view. (b) Side view

Fig. 5.6 Clinical postoperative photograph of a congeni-
tal short fourth metatarsal with the foot positioned in the
propulsive phase of gait; note increased purchase of the
fourth digit during propulsion as well as the degree of
motion at the MTPJ

Complications

Callus distraction with external fixation is suc-
cessful in restoring the length of the metatarsal
as well as achieving adequate toe position and
maintaining function at the MTPJ. Despite con-
tinual advances in this technique, complications
inherent to the use of external fixation and those

unique to brachymetatarsia can arise. These
include digital contractures, malalignment in the
transverse and sagittal planes, over- or under-
lengthening, nonunion/malunion or delayed
union, premature consolidation, metatarsalgia,
MTPIJ stiffness, and pin site infection [9, 26].

Digital Contractures

During the process of bone lengthening, the
adjacent musculature generates tension, which
can lead to joint contractures. The intrinsic
plantar muscles of the foot when under tension
during the distraction process can cause the
digit to become plantarflexed at the MTPJ. As
the amount of metatarsal lengthening increases,
the amount of muscular tension also increases,
which produces a greater influence on the toe.
Patients with brachymetatarsia initially present
with a dorsally displaced toe and dorsal contrac-
ture of the MTPJ. By bridging the MTPJ, joint
alignment and position of the digit are con-
trolled [9, 26].

Malalignment

Failure to achieve accurate placement of the first
half-pin (most distal) or the second half-pin (most
proximal) may result in malalignment in either
the transverse or sagittal plane. Transverse plane
deformity occurs when the head of the lengthened
bone is not spaced equally between the adjacent
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Fig. 5.7 Postoperative left foot radiographs of a congenitally short fourth metatarsal after callus distraction. (a) AP
view. (b) Lateral view

metatarsals, which results in capsular or collateral
ligament instability. This can induce soft tissue
impingement as well as transverse plane deviation
of the corresponding digit. More commonly, the
deviation in the transverse plane occurs secondary
to overlengthening of the metatarsal.

In the sagittal plane dorsiflexion or plantarflex-
ion at the MPTJ may incite metatarsalgia and dig-
ital deformity. Creating a plantigrade metatarsal
head in the sagittal plane provides the necessary
realignment for normal pedal function [26].

Overlengthening/Underlengthening

Maintaining adequate postoperative follow-up is
critical to avoid over- or underlengthening of the
metatarsal. The recommended interval between
appointments and serial x-rays is 2 weeks to
properly assess progress. Inadequate restoration
of the metatarsal parabola may cause pain and
secondary digital deformities. Lengthening of
the first metatarsal more than 40% of its original
length has been reported to create a cavus defor-
mity after distraction osteogenesis [10, 26].

Nonunion/Malunion

Nonunion, malunion, or delayed union of the
metatarsal may occur despite the minimally

invasive nature of percutaneous osteotomy tech-
nique and its known benefits for bone regenerate.
Delayed consolidation may result from intraop-
erative events including traumatic corticotomy,
excessively rapid distraction, and unstable exter-
nal fixation configuration. Minimizing damage
to the periosteum and endosteum during sur-
gery decreases the risk of delayed consolida-
tion. Additionally, factors intrinsic to the patient
should be addressed preoperatively, including
nutritional status, smoking, and hypoparathy-
roidism. Postoperative incidents such as infection
and trauma to the construct may also produce
delayed consolidation. Treatment entails the use
of an external bone stimulator with concomitant
use of nutritional supplements containing cal-
cium and vitamin D [26].

Premature Consolidation

Without correct external fixation adjustments,
premature consolidation may occur; typically,
this happens when the rate of distraction is too
slow. Other causes may include incomplete
osteotomy during surgery as well as prolonged
latency following application of the external fix-
ator [27].

Repeat osteotomy may be necessary to cor-
rect premature consolidation, and this should
take place at a separate location from the original
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osteotomy site. Alternatively, increasing the dis-
traction phase of treatment may also resolve the
issue [26].

Metatarsalgia

If proper length of the metatarsal is not achieved,
the resulting underlengthening or overlengthen-
ing may result in metatarsalgia or MTP]J stiffness
[25, 28]. The final sagittal plane position of the
metatarsal can feel prominent to the patient and
create pain, which occurs in overlengthening.
Deformity and stiffness at the MTPJ can arise
from overlengthening; although pinning the digit
prevents MTPJ subluxation, it may also lead to
stiffness [9].

Pin Site Infection

A known complication of any external fixation
device is a pin site infection, and these usually
resolve with a course of oral antibiotics [2].
Infections generally develop from the outside
to inside [27] and can be minimized by ensur-
ing maintaining sufficient pin stability. Dressings
including sterile gauze and Ilizarov sponges
function as protective barriers between the skin
and the outside environment. Tightly dressing
the pin sites with sterile gauze prevents piston-
ing of the skin on the pin, which happens with
transient edema, thereby inhibiting inflammation
at the pin site. Educating patients in the preop-
erative setting on proper pin care techniques is
critical to decrease the risk of infection. When
a pin site infection goes untreated, spread of the
infection from soft tissues to the bone may occur
and treatment with IV antibiotics or operative
debridement and pin removal may become nec-
essary [26].

Conclusion

Future directions in the surgical correction of
brachymetatarsia through distraction osteogen-
esis may involve internal lengthening methods

that have been developed for the femur and tibia.
Until such time occurs, the callus distraction
method of gradual correction has been shown
to reliably and safely lengthen the metatarsal
while maintaining adequate position of the adja-
cent digit by spanning the MTPJ with external
fixation. Provided a stable fixation construct is
applied and regular follow-up scheduled, patients
can successfully achieve restoration of a normal
metatarsal parabola and proper digital alignment
and function.
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Pediatric Metatarsus Adductus

Patrick Stephen Agnew

The Trouble with Kids

The trouble with kids in foot and ankle medicine
and surgery is multifaceted. This is likely true
for many other disciplines also. In no particular
order, the following issues arise.

Nobody wants their child to be in a control
group. If there is a chance that a particular treat-
ment might help a particular parent’s child, the
odds are that the parents will elect to try the treat-
ment even in the event that a certain amount of
risk exists. This leaves families vulnerable to
coercion; and researchers are at a loss for recruit-
ing a control group.

The consequences of treatment are often not
appreciated for long periods of time, stretching
out into decades. The procedure that seems to
help a young child may over time be later recog-
nized to be detrimental. Examples include treat-
ment of metatarsus adductus via midfoot soft
tissue releases and the use of reversed last shoes
to improve the appearance of the same entity.

Nobody wants to hurt a child. Even many
lower life form animals are very protective of
their young. Only the worst sort of human is
unmoved by the suffering of a child. The fact
is that some treatments hurt and that pain can
be felt by the child’s parents, the provider, the
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technicians administering the treatment, the
siblings of the child, and the civilized societies
at large.

These and other factors can make decision-
making in this special population difficult.
Furthermore, providers and researchers can be
equally vulnerable to the emotional trap of feel-
ing that once they have arrived at a decision it
must be defended (right or wrong) valiantly.

Whenever we develop new treatments or insti-
tute already, “accepted treatments,” we must bear
in mind these pitfalls. We must try, wherever
possible, to follow standard scientific methods.
When that is not possible, we must admit the
shortcomings of the products of our research.

Incidence

The incidence of midfoot adduction, or at least
reporting, has increased [1]. One case per one
thousand live births is widely accepted.

Etiology (Fig. 6.1)

Midfoot adduction may be a result of malforma-
tion (“manufacturing defects”) and/or deformation
(“packaging defects”) [2]. The left foot is more com-
monly involved, possibly because that foot is more
commonly positioned against the mother’s spine
in utero [3]. The condition is also more common
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Fig. 6.2 Metatarsus adducto varus in an adult with
Ehlers-Danlos syndrome

in first pregnancies, possibly because the uterus is
usually tighter than in later pregnancies. Connective
tissue diseases may make the fetus more vulnerable
to these deforming forces because the ligaments
that would normally be stronger than the immature
bone fail to protect them [4, 5] (Figs. 6.2, 6.3 and
6.4). Whether midfoot adduction is more common
in siblings has been debated [6, 7].

Fig. 6.3 Metatarsus primus varus. Special athlete with
trisomy 21 and difficult shoe fitting

Fig. 6.4 Adult with Z foot and Ehlers-Danlos syndrome

Abnormality of the medial cuneiform has
been demonstrated in some cases [8]. This fur-
ther supports the use of the term midfoot adduc-
tion. Abnormal insertion of the abductor hallucis
has been reported as a possible cause of midfoot
adduction [9].

Nosology

The term metatarsus varus never really was
a useful descriptive term [1]. First off, it is a
throwback to the time during which anatomy
was described in cadavers hanging from gallows.
In weight-bearing bipedal humans, the posi-
tion of the foot is more accurately described as
adducted. In fact, in most cases, it may not even
be the metatarsals themselves that are adducted,
but more on that later. This author cannot believe
that they actually want me to start communi-
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cating differently at the age of 56; however,
the introduction of ICD 10 may actually pres-
ent an opportunity to more accurately describe
the deformity or malformation. Then again the
added complexity might only muddle commu-
nications beyond utility. This author for one
tends to be a “lumper” not a “splitter.” One thing
that all of the variations of metatarsus “varus”
share in common is midfoot adduction. This is
a descriptive term that I hope will be adopted
in the education of individuals who attempt to
diagnose and manage these conditions. The term
metatarsus adductus attributed to Ganley and
Ganley is interchangeable [10].

Diagnosis

Diagnosis of midfoot adduction may appear obvi-
ous. Using the term midfoot adduction alone actu-
ally makes this true to a certain extent. However,
specific identification of the involved bones and
joints can be difficult. Confounding factors include
the age of presentation, the patient’s relative con-
nective tissue integrity, muscle strength, nerve
control (upper and lower motor neurons), patient
cooperation, parent anxiety, examiner’s skill and
experience, and other factors.

Fortunately, our management recommenda-
tions may not be altered in young, skeletally
immature patients. However, older children,
especially surgery candidates, must undergo
more detailed diagnosis including bone imag-
ing. The apex of deformity should be identi-
fied and, ideally, corrected. Radiographic angle
measurements may be helpful but are notori-
ously vulnerable to technique variation and
evaluator inconsistency [11] (Figs. 6.5 and 6.6).
Furthermore, ideally, patients should be identi-
fied prior to midfoot bone ossification. Simple
recognition of a deformity in the midtarsal bones,
as opposed to the metatarsals, may yield better
decision-making results. Ganley and Ganley did
propose a reproducible radiograph technique
using the calcaneus as a reference point [10]. A
normal relationship between the bisections of the
calcaneus and the second metatarsal is about 15°

Fig. 6.5 Midfoot adduction in a patient with talipes
equinovarus

Fig. 6.6 Obviously abnormal forefoot to rear foot rela-
tionship despite the absence of ossified midfoot bones

on a dorsal plantar view. Meta-analysis of papers
was published on the angle formed by the frontal
plane bisection of the tarsal bones and the bisec-
tion of the second metatarsal average 15° and
higher in skeletally mature individuals who have
midfoot adduction [12-15].

It is also necessary to recognize relatively
common variations such as:

e Metatarsal or midfoot adduction with (true)
forefoot varus (metatarsus adducto varus)
[16].

¢ Metatarsal adduction with midfoot translation
(complex metatarsus adductus) [17]

¢ Metatarsal adduction or midfoot adduction
with rear foot varus (cavo adductovarus) [18]

e Metatarsal adduction with rear foot valgus
(skew foot) [17]
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Fig.6.7 Drawings donated by Dr. Ganley’s family detail-
ing the forefoot to rear foot relationship in a patient with
clubfoot pre- and post-casting

e Metatarsal adduction with midfoot translation
and rear foot valgus (complex skew foot) [17]

e Metatarsal adduction or midfoot adduction
with equinus and forefoot varus (talipes equin-
ovarus) (Fig 6.7)

An almost infinite spectrum of severity and
combinations of deformity of all of the involved
bones, connective tissues, and anatomical seg-
ments can exist also. Terms such as ¢ foot, ding
foot, hooked foot, parrot foot, and pigeon toed
are encountered but should be discouraged being
inadequate to describe the deformities and con-
ceivably insensitive [16].

Recognizing possibly related/adjacent/comor-
bid issues is essential. Developmental and/or
congenital hip dislocation or dislocate ability are
possible examples, although controversy exists
regarding this assertion [6]. Unresolved femo-
ral retroversion or accelerated femoral antever-
sion may coexist with midfoot adduction. Excess
medial and lateral tibial torsion may also be pres-
ent, conceivably for the same reasons as midfoot
adduction is thought to occur [19]. Congenital
and/or developmental equinus or pseudoequinus
should be recognized and appropriately addressed.

Digital deformity, primary or secondary to
inadequately managed midfoot adduction, is
often present. Hallux valgus and/or lesser digit
contractions are progressive and often eventually
disabling [20-22]. These may be addressed in a
variety of ways at any age and with any comor-
bidities but with varying degrees of potential

success. As with any pediatric deformity or mal-
formation, early recognition and management
may be expected to provide better results.

Identification of systemic and/or regional
comorbidities is highly desirable. Many congeni-
tal syndromes include midfoot adduction. Foot
and ankle care providers should also consider
treatment and/or referral of patients with these
issues to appropriate providers.

Physical Examination

A proper environment for the examination may
yield optimal data. This may include avoiding
nap time for restless children, or targeting nap
time in sound sleepers. A hungry child may be
distracted by feeding during the examination, or
may be inconsolable. Planning along with parents
is essential to success. Specially decorated pedi-
atric examination rooms with popular character
images may help to relax a child. It has been said
that about one of the only cultural similarities
that Americans have in common is a few Disney
characters. Setting aside the examiner’s white
coat may avoid a lot of noise, tears, and combat.

We recommend the A.R.M. method devised by
James V. Ganley, DPM [23]. “A” refers to attitude.
The resting attitude of the lower extremities dur-
ing physical examination is evaluated. Sometimes
the patient’s anxiety can cause confusing postures.
However, a patient-repeated assessment will reveal
that in the majority of times some particular atti-
tude such as midfoot adduction is demonstrated.
“R” refers to relationships of segments of the lower
extremities. The forefoot is angled toward the mid-
line of the body in all variations of midfoot adduc-
tion. This may or may not be easily appreciated if
other segments including the rear foot and ankle
are also deformed. Conditions such as tibial torsion
may mask or complicate the assessment [24].

The “M” refers to movement. The range
of motion of the relevant structures is evalu-
ated. Is the deformity fixed or reducible? Can
overcorrection in the midfoot abduction be
induced? Again these movements may be influ-
enced by the patient’s emotional and physical
state (Fig. 6.8).
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Fig. 6.8 Examination of an infant with excessive medial
tibial movement. Photo of the author by Dr. Ganley

Conservative Management

Anyone who comprehensively treats adult foot
and ankle issues cannot ignore the persistent
presence of midfoot adduction in a large per-
centage of patients seeking help. The theory that
the vast majority of midfoot adduction is spon-
taneously resolving is not supportable from this
perspective [10]. Based on some authors’ data, it
has been shown that pediatricians and pediatric
orthopedists trend toward a nihilistic hands-off,
wait-and-see approach and orthopedic surgeons
and podiatrists tend to be more inclined to treat
infants who have congenital abnormalities [2].
The innuendo seems to be that the pediatricians
and pediatric orthopedists are better trained or
more knowledgeable in their decision-making;
but while maintaining that stereotyping is not ever
reliable, orthopedic surgeons and podiatrists have
the advantaged perspective of seeing countless
adults in whom this condition did not go away,
but instead contributed to adult-onset problems.
A variety of methods of treatment have been
suggested. A confounding factor in deciding
on treatment techniques and appropriateness
include the highly variable age of presenta-
tion. Usually, midfoot adduction is recognized
at birth. All too often an unsupportable progno-
sis for spontaneous recovery is made. A simple
but knowledgeable examination of relatives of
the infant will often reveal persistent deformity/
malformation and related pathology. This may
be masked to the inadequately educated eye by

compensatory secondary deformities such as
overpronation. Overpronation creates a relatively
rectus-appearing adult foot that still maintains
midfoot adduction. However, now that foot also
has subtalar and the tarsal joint dysfunction.
Secondary forefoot deformities may have also
emerged such as hallux valgus and fifth meta-
tarsal splaying. This overpronation may have
occurred spontaneously or through irrational
iatrogenic intervention such as reverse last shoes
and/or stretching.

Optimally, a several decades long, adequately
powered, study with appropriate blinding and
controls would reveal the true incidence of per-
sistence of midfoot adduction and its contribution
to related pathology. I doubt that such a study will
ever be conducted (see “The Trouble with Kids”
above). In the absence then of adequate evidence-
based decision-making, the individual provider
must at least be completely honest with the
patient and the patient’s caregiver(s) on what is
not known. Then they share decision-making and
can go forward with adequate informed consent.

Management decisions are often predicated
on age of onset and will be discussed in that
structure as follows.

Neonates (Fig. 6.9)

When midfoot adduction is identified in a
neonate, a sincere and a thorough effort to
decide whether or not to treat is appropriate.

ARG
AT L
MO

Fig. 6.9 Infant attitude with midfoot adduction right and
calcaneal valgus left
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Diagnosing severity based on the “flexibility”
of the deformity has been advocated [10]. Very
little is available to define what constitutes a
reproducible evaluation of this supposed char-
acteristic and prognostic significance. Nothing
has been proposed to factor in highly variable
contributing issues such as collagen abnormali-
ties, neuromuscular developmental anomalies,
examiner’s capabilities, and other variables
(Fig. 6.10). We are also not aware of any vali-
dated predictive capacity of these nebulous
assessments. We therefore consider the clas-
sification of these deformities as mild, mod-
erate, and severe to be a clinically irrelevant.
We do consider comorbidities and family his-
tories to be extremely relevant. Relatives may
be unaware of possible related pathology.
These related pathologies may, again, include
(Fig. 6.11):

Fig. 6.10 Patient with a syndrome that includes midfoot
adduction and brachy digital

Fig. 6.11 Common adult presentation, notice the easily
overlooked 5th metatarsal base prominence

1. Hallux valgus with or without overpronation

2. Lesser digit contraction via flexor stabiliza-
tion failure (with overpronation) or extension
substitution (in the uncompensated adducted
midfoot)

3. Fifth metatarsal adductus with or without bun-
ionettes (influence of MA on plantar
pressures)

4. Fifth metatarsal base pain (Fig. 6.12a, b)

5. Increased incidence of lateral foot and ankle
sprains and fractures

6. Poor shock absorption throughout the weight-
bearing skeleton

7. Rapid foot wear deterioration

8. Clumsiness

Even with neuromuscular and connective tis-
sue and other contributing variabilities or disease
ruled out, treatment is still usually recommended
by this author. Again, there is no validated prog-
nostic evaluation currently available. The golden
opportunity in the rapidly growing plastic non-
weight-bearing infant should not be squandered.
Treatment in this age group may be highly effec-
tive and carries very minimal risk.

Young Children

In a preschool and early school age child, again,
deformity will have been “baked into” maturing
bone to some degree. Some correction of defor-
mity conservatively by bracing, splinting, or even
casting may be achievable. However, the theory
that the deformity must be treated by casting or
splinting for as long as it has been present makes
conservative treatment at this time extraordi-
narily unpalatable. That having been said, the
likelihood of stigmatization is less likely in the
preschool child than the school age child where
greater peer interaction occurs. Treatment may
therefore at least be attempted cautiously. Again,
a thorough informed consent is indicated.
Surgery in this age has met with relatively disap-
pointing results. Midfoot capsulotomies have been
followed longitudinally by some authors and have
revealed a stiff dysfunctional foot later in life. One
minimally invasive technique to attempt some soft
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Fig. 6.12 (a) Adolescent patient with Charcot-Marie-Tooth disease. Figure (b) depicts a special needs of nonambula-
tory adolescent with cross under hallux valgus and fifth metatarsal base lesion from difficult shoe fitting

tissue rebalancing in the hopes of allowing some
bone remodeling might be the Lichtblau procedure.
In selected cases where the majority of deformity
involves the first metatarsal and the first toe, release
of the abductor hallucis tendon near its insertion or
lengthening of that structure may be appropriate.
The procedure does permit a surgical approach with
only a small risk of neurologic or vascular injury.
Injury to growth plates in the adjacent bones also
seems unlikely with even reasonable skill.

School Age Children

Although otherwise normal patients in this age
group may have achieved the ability to reason
and cooperate with treatment of some level,
their willingness to do so may be highly limited.
Whether they are consciously aware of that or
not, the emergence of self-awareness may result
in self-consciousness over any visible treatment.
Treatment while sleeping may provide some
degree of success, but will undoubtedly prolong
the duration of treatment. Fully reversing defor-
mity in this age group may not be a realistic goal
any longer. Treatment in this age group may
include splinting and bracing or even casting.
Again, a very limited soft tissue balancing proce-
dure with release of the abductor halluces tendon
may be appropriate.

Cautious use of a foot orthosis may help to
reduce the risk of compensatory deformation of
the hind foot. Some cosmetic improvement in the
angle of gait may also be achieved through the
use of “gait plate”-type extensions. These how-
ever should also be used with caution to avoid
derangement of more proximal structures includ-
ing the ankle, the knee, and the hip.

It is sometimes pointed out that a number of
sprinters and other athletes exhibit some degree
of in toeing as adults. It is implied that this may
provide a better propulsive structure for a short
distance acceleration. I am not aware of any
author advocating the creation or inducement of
in toeing. One might also surmise that the major-
ity of people who maintain metatarsus adductus
into adulthood will not be competitive athletes
and instead will have to find shoes that can com-
fortably fit their deformed feet.

Adolescent Patients

Figure 6.13 depicts common preadolescent pre-
sentation. This is undoubtedly the most vulner-
able age group for unintended psychological
harm through treatment. Self-awareness has by
this point in many cases become self-absorp-
tion, and our current culture inarguably over-
emphasizes physical appearance. That having
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Fig.6.13 Common adolescent presentation

been said, the failure to have treated the patient
earlier in life may already have caused irrepa-
rable harm. At this point accommodation of the
deformity is appropriate for the majority of the
patients. Appropriate shoe selection more often
than not with protective orthotic arch support to
prevent compensatory overpronation of the hind
foot seems appropriate. In rare recalcitrant pain-
ful cases, surgical intervention may be appro-
priate. Various surgical approaches have been
proposed and have generally met with relatively
satisfactory results. These may include multiple
metatarsal osteotomies as well as tarsal oste-
otomies. Examples include closing base wedge
osteotomies and oblique multiple metatarsal
osteotomies (Figs. 6.14 and 6.15). Although
capable of achieving satisfactory results, these
procedures are somewhat technically challeng-
ing. The risk of complications with the single
metatarsal osteotomy is well known. This risk
is additive with each additional metatarsal oste-
otomy. Overcorrection, under correction, non-

Fig.6.15 Transverse plane osteotomies

union, and malunion all are realistic concerns as
well as general surgical concerns such as infec-
tion, wound healing, deep vein thrombophlebi-
tis, etc.

Furthermore, Dr. James V. Ganley famously
illustrated that if one would look at the radio-
graphic outline of a “normal metatarsal” when
compared to a metatarsal in many patients with
a clinical metatarsus adductus, the metatarsals
will in most cases appear identical. This implies
that the actual deformity in many cases is more
proximally placed. Wherever possible, surgi-
cal intervention at the actual site of deformity is
geometrically preferable. Therefore, osteotomy
of the tarsals may be more appropriate in many
cases. Added advantages to intervention at this
level include the greater cancellous bone content
for bone healing and the smaller number of oste-
otomies necessary. Therefore, osteotomies at this
level are, in this surgeon’s experience, preferable.
Figure 6.16a—c depicts radiographs of a 9-year-
old patient with syndromic clubfoot treated as an
infant recovering from recent residual midfoot
adduction correction.



6 Pediatric Metatarsus Adductus

127

Fig.6.16 (a—c) 9-year-old
syndromic clubfoot treated
as an infant recovering
from recent residual
midfoot adduction
correction

The avoidance of growth plates also increases
the appeal of the surgery at this level. The great-
est drawback is the likely need for an opening
osteotomy medially and the necessity of bone
or appropriate substitute grafting. These pro-
cedures of course carry some limited predict-
ability regarding a final outcome, added cost,
and potentially additional surgery for bone graft
harvesting. The lateral closing osteotomy carries

with it some technical challenges not the least of
which is the limited amount of bone available for
removal and then stabilization. The greater abil-
ity to correct deformity in multiple planes how-
ever (when compared to metatarsal osteotomies)
may add to the appeal of midfoot osteotomies for
the correction of improvement in mid- or hind
foot deformities brought on through an ill con-
ceived iatrogenic compensation.
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Young Adults

Young adults who have achieved skeletal matu-
rity and up through the age of older adults who
may be in a skeletal decline are probably the
most severely affected individuals by unresolved
or untreated midfoot adduction. Ironically, these
patients more often than not are totally unaware
of their birth defect. They may present with a
clinically common hallux valgus and/or tai-
lor’s bunion deformities. They may also pres-
ent with fifth metatarsal styloid process bursitis;
peroneal (also known as fibularis) tendon inju-
ries, both chronic and acute; as well as lateral
foot and/or ankle sprain and fractures [25, 26].
Unfortunately, these patients did not benefit from
what could have been a few weeks of casting as
infants. Many of these conditions are difficult to
correct requiring aggressive surgical procedures,
and some such as peroneal tendon injuries and
lateral ankle ligament injuries are prone to very
poor healing. Details of treatment of these conse-
quences are beyond the scope of this textbook, but
any provider who offers comprehensive foot and
ankle care should look at these adults as strong
motivation to correct deformities in infants.

Older Adults

Neglected patients in this category may suffer
from all of the consequences discussed in the
younger adult. Older patients may also carry the
added burden of multisystem disease, decon-
ditioning of the bone and muscle, and deteriorat-
ing perfusion making a successful intervention
even more challenging.

Treatments
“Benign” Neglect

Watchful waiting (wasting?) or active surveillance
is often advocated. This is often recommended
by the same authors that advocate in some cases
casting of not yet ambulatory infants. The obvious
contradiction in these two approaches is irratio-

nal to the extreme. How long do you watch? How
long do you wait? Why would you wait until it is
much more difficult to correct the problem?

Any healthcare provider with any experience
whatsoever would agree that it would be much
easier to cast splint or in any other way interact
with an infant than it is with a toddler of two or
three. A school age child may be in some cases
cooperative, but already the skeleton has matured
enough to make successful treatment to take
much longer and be much less likely to result in
complete correction. Furthermore, some practi-
tioners who recommend neglect of the deformity
also point out that treatment with bracing and
splinting may affect the patient’s self-esteem at
that time or later in life. They actually use this
rationale to imply that treatment in childhood
is inappropriate while failing to delineate any
stratification regarding age of treatment or type
of treatment. Of course, it is obvious that a school
age child wearing a visible brace or splint might
possibly be stigmatized and may suffer psycho-
logical injury as a result. It seems extraordinarily
unlikely that an infant wearing a well-molded
cast for a few weeks early in life would be simi-
larly harmed. Again, we ask, why then would
anyone decide to postpone treatment of an obvi-
ous deformity?

Stretching

Telling caregivers to “stretch” at every diaper
change is sometimes recommended by some
authors [27]. This may be an excellent example
of Voltaire’s assessment that medicine is the art
of entertaining the patient while the condition
gets better by itself. The exception in this case
being that the condition may in many cases not
get better by itself. The act of “stretching” is not
supportable. In the otherwise normal child, the
ligaments of the lower extremity are likely stron-
ger than the developing bone. The belief that one
can stretch the ligaments in order to allow the
bones to develop normally is therefore irratio-
nal. The expectation that primary caregivers will
have the clinical skill to perform manipulations
appropriately seems in this author’s estimation to
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be unrealistic [1]. Infant casting and manipula-
tion of midfoot adduction or of other deformities
requires specific training experience and knowl-
edge. Casting techniques are however effective
when appropriately applied by knowledgeable
providers [28].

Casting

Manipulation followed by casting is the basis of
pediatric deformity treatment. Use of this tech-
nique has been documented as far back in time as
ancient Egypt. Successful treatment of difficult
and complex deformities such as talipes equin-
ovarus has been proven again and again [12].
Detailed treatises have been published exten-
sively on casting techniques [29].

Splinting

The use of various splints and braces to “cor-
rect” midfoot adduction is a mixed bag. Some
well-thought-out apparatus that help protect
the hind foot from iatrogenic deformation by
overpronation may be entirely appropriate
[30]. Cosmetically, effective techniques such as
reverse last shoes undoubtedly failed to redirect
the growth of deformed bones and instead over-
pronate the rear foot causing iatrogenic deformity
[31]. The foot may appear rectus as a result of this
intervention, but now has two or more deformi-
ties instead of correction of the initial deformity.

It is necessary for any device to at least stabi-
lize the calcaneus in a neutral or an even slightly
inverted position to prevent overpronation. Proper
fit is obviously essential. Complete discussion of
proper application and potential negative effects
with the parents is necessary. Application instruc-
tions usually accompany new braces, and printed
patient instructions are desirable.

Negative events/effects are very rare in our
experience, and reports are absent from the lit-
erature. Concerns may include skin irritation.
A little baby powder in the brace and/or the use
of socks can keep moisture from accumulating
under the brace. Ill-fitting braces may, of course,

irritate or even in the worst cases damage the skin
and deeper structures. Periodic confirmation of
proper fit and use of splints or braces is recom-
mended. Specific frequency of these examina-
tions may be recommended by manufacturers.
We recommend examination soon after fitting
and dispensing. We also recommend use during
naps first to unveil issues in the light of day and
over shorter time periods (Fig. 6.17).

Surgery

Detailed surgery descriptions are beyond the
scope of this text, but are thoroughly published
and studied. Categories of intervention may
include soft tissue releases, forefoot osteotomies,
midfoot osteotomies, and rear foot osteotomies.

Soft tissue procedures include the abductor
hallucis release [32] and the Heyman-Herndon
and Strong procedure [33]. We no longer rec-
ommend the latter since stiffness has been
reported later in life [34]. We still perform the
Lichtblau procedure sometimes as a standalone
intervention. Any tendency for the patient to
have hallux valgus still remains to be a concern.
Many metatarsal osteotomies including closing
base wedge osteotomies and transverse plane
osteotomies such as the Lepird osteotomy have
been devised [35].

Midfoot osteotomies are the most common
form of surgical intervention that we use [36, 37].
We often prefer these procedures for several rea-
sons as pointed out by Ganley and Ganley [10].

Fig. 6.17 Ganley splint attached and worn by child
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Fig.6.18 (a—c) positioning bayonets and frames with osteotomies in planning

These are as follows: surgery at the site of defor-
mity, less osteotomies, and better healing bones
than distally. Operating at the site of deformity,
instead of creating a second deformity to improve
the appearance of the organ, is better. The greater
the number of surgical procedures, the greater the
cumulative potential for complications. There is
more cancellous bone in the tarsal bones than the
metatarsals, so faster bone healing may be antici-
pated (Fig. 6.18a—c).

Rear foot osteotomies are rarely employed
as standalone procedures for midfoot adduc-
tion. Rear foot surgery may be necessary and
beneficial to resolve coincidental deformi-
ties and compensatory derangement caused by
uncorrected midfoot adduction. Examples may

include medial calcaneal displacement osteoto-
mies to reduce overpronation in compensated
midfoot adduction, or laterally to correct cavus
deformity in uncompensated midfoot adduc-
tion. Shortening lateral column osteotomies/
calcaneal cuboid arthrodesis may improve the
appearance of midfoot adduction and correct
cavus deformity simultaneously. Lengthening
osteotomies of the lateral column may correct
overpronation seen in compensated midfoot
adduction, but may also exacerbate the outward
appearance of the midfoot adduction more than
other surgical approaches to correct overprona-
tion. Subtalar arthroereisis may correct over-
pronation with less exacerbation of midfoot
adduction.
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Summary

Principles of management of midfoot adduction
include the following:

> w

Early recognition

. Cautiously identifying potential contributing

factors such as neurologic, muscular, and con-
nective tissue diseases

Realistic and completely honest prognostication
Early gentle effective intervention
Age-appropriate intervention when a subopti-
mal age of presentation occurs
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Juvenile Hallux Abductovalgus

Michelle L. Butterworth and John T. Marcoux

There is a lack of consensus regarding the pre-
cise definition of hallux abductovalgus; however,
most clinicians describe the condition as the
presence of a varus deviation of the first metatar-
sal in combination with a valgus deviation of the
hallux occurring in a skeletally immature child
[1, 2]. Goldner and Gaines, however, classified
the entity as occurring in an individual less than
20 years of age [3]. Zollinger found the presence
of hallux abductovalgus in adolescence to be only
3.5%, making it a relatively uncommon finding
[4]. Other studies, however, have shown that for
50% of adults with hallux valgus, the deformity
began in adolescence [1, 4, 5]. Coughlin and
Mann found that 40% of juvenile patients with
hallux abductovalgus develop the deformity early
in childhood, before the age of 10 [2]. Chell and
Dhar also confirm that approximately half of the
children with hallux abductovalgus note the pres-
ence of the deformity before the age of 10 [6].
These studies have also shown that over 80% of
the children who presented with juvenile hallux
valgus were female [2, 6]. It has also been shown
that race plays a role in the development of juve-
nile hallux valgus with black children being
affected five times as often as white children
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[7]. Helal also reported that 75% of the cases
occurred bilaterally [8].

Etiology

Intrinsic and extrinsic factors have both been
investigated as an etiology in the develop-
ment of the hallux abductovalgus deformity.
Footwear, particularly narrow-toed shoes, has
been identified as an extrinsic factor exacerbat-
ing the progression of a hallux valgus deformity
[9-11]. Studies have shown that the incidence
of hallux valgus is more common in those that
wear shoes over those that walk barefoot [12,
13]. In juvenile hallux valgus, however, con-
stricting footwear was noted to contribute to
the development of the deformity in only 24%
of the patients [2].

Several authors have noted a positive family
history for hallux valgus ranging from 58% to
80% [14-16]. Johnson believed that hallux val-
gus was inherited through an autosomal domi-
nant trait with incomplete penetrance [17]. In
2007, Pique-Vidal et al. also agreed with Johnson
when evaluating inheritance as an intrinsic factor
for the development for hallux valgus and found
an autosomal dominant trait with 56% incom-
plete penetrance. They examined the pedigree
charts of 350 patients and found a family history
present in 90% of probands, affecting some fam-
ily members across three generations [18].
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The biomechanical basis for the development
of this pathologic deformity has been debated
over the years. Many structural abnormalities
have been implicated in the development of hal-
lux valgus including pes planus, equinus, medial
column insufficiency, metatarsus adductus, liga-
mentous laxity, the shape and/or deviation of the
articular cartilage on the first metatarsal head,
and structural obliquity of the first metatarsal
cuneiform joint [8, 19, 20]. Juvenile hallux val-
gus can also be seen as a manifestation of other
conditions such as cerebral palsy due to muscular
imbalance and spasticity as well as ligamentous
laxity and decreased muscle tone seen in Down
syndrome. It is important to get a family history
to see if other siblings, parents, or relatives have
hallux valgus or other foot deformities.

Recent literature has brought a new theory
to our understanding of the hallux abductoval-
gus deformity as a whole. Research has deter-
mined that the hallux abductovalgus deformity
is often a combination of frontal and transverse
plane deformities with the apex of the defor-
mity proximally. The first metatarsal is rotated
into a valgus (pronated, eversion, external rota-
tion) position with the sesamoids still aligned
in the crista on sesamoid axial radiographs. The
authors coined the term hallux abductovalgus
with metatarsus primus adducto valgus to better
define the pathology [21]. Failure to address the
frontal plane component during surgical recon-
struction is a major factor in the development of
recurrent deformity [21]. Mortier and his col-
leagues performed a prospective single-center
radiologic and anatomic study on 100 feet oper-
ated on for hallux valgus. Baseline radiographs
determined the preoperative position of the first
metatarsal head in the coronal plane. The study
confirmed the existence of pathological prona-
tion of the metatarsophalangeal apparatus in
hallux valgus [22].

Clinical Presentation

Often times, the parents of children with juve-
nile hallux valgus are more concerned about the
deformity than the child. In the young child,

the condition is not typically painful nor does
it limit activity. The child may present for other
orthopedic complaints such as pes valgus and
arch strain or heel pain, and the hallux abduc-
tovalgus deformity is an incidental finding and
of no complaint to the child. If the deformity
is painful, it is usually related to irritation
with shoe gear or abutment of the hallux with
the second toe. The teenage years is the most
common age group for complaints with the
deformity. The hallux valgus deformity often
becomes problematic in shoes, especially for
those athletic children, and often can be a sig-
nificant cosmetic concern for developing young
adults.

Clinically, juveniles with hallux abductoval-
gus typically have a smaller medial eminence
and less valgus rotation of the hallux than adults
with the deformity (Fig. 7.1). They also usually
have less pain involved with the deformity than
adults, and their first metatarsophalangeal joint
is free of degenerative changes in most cases.
Although hypermobility may be present, the
juvenile hallux valgus deformity is typically a
much more stable deformity than that seen in the
adult. Also, juvenile hallux valgus is commonly
associated with other structural abnormalities,
most notably metatarsus adductus and pes pla-
nus. The incidence of metatarsus adductus in
patients presenting with juvenile hallux abduc-
tovalgus is much higher than what is seen in the
normal population. It has ranged from 22% to
75% in various studies [2, 23, 24] (Fig. 7.2). The
incidence of pes planus deformity contributing
to the development of juvenile hallux valgus
deformity has varied considerably in the litera-
ture from no increase to a 41% increased inci-
dence [2, 25-27] (Fig. 7.3).

Radiographic Evaluation

Radiographic assessment of a juvenile hallux
valgus deformity should include weightbearing
dorsoplantar, medial oblique, lateral, and sesa-
moid axial views to appreciate the deformity
in all planes. The problem with standard radio-
graphs is that they provide two-dimensional



7 Juvenile Hallux Abductovalgus

135

Fig. 7.1 Typical clinical presentation of a pediatric bun-
ion deformity. Notice there is not a lot of valgus rotation
of the hallux

findings for a three-dimensional deformity. The
hallux abductus angle, intermetatarsal angle,
and sesamoid position via the sesamoid axial
projection provide the most reliable and repro-
ducible assessment of the deformity [28, 29].
The proximal articular set angle (PASA) is also
important to be evaluated in the juvenile hallux
valgus deformity. PASA is defined as the rela-
tionship between a line connecting the medial
and lateral articular margins of the first meta-
tarsal head and the longitudinal axis of the first
metatarsal. Measurements between 0° and 8° are
considered normal; however, Vittetoe et al. also
recommended evaluating PASA intraoperatively

since there is only a 95% chance of estimating
this angle within 5° of the true angle [30]. An
increased PASA indicates functional adaptation
of the first metatarsal due to chronic malposi-
tioning of and abnormal forces of the hallux.
An increased PASA is a common finding in the
radiographic evaluation of the pediatric hallux
valgus deformity. This lateral deviation of the
articular surface results in a congruent valgus
deformity of the first metatarsophalangeal joint
(Fig. 7.4). This congruent valgus deformity ren-
ders the first metatarsophalangeal joint stable
and less prone to degenerative changes. This is
in contrast to the adult deformity, where PASA
is not commonly increased and there is an incon-
gruent valgus positioning of the first metatarso-
phalangeal joint. This incongruency renders the
first metatarsophalangeal joint unstable; there-
fore, subluxation is common and the joint is
prone to degeneration.

It is also important to look at the length of
the first metatarsal when evaluating this pediat-
ric deformity. According to McLuney et al. and
Munuera et al., a long first metatarsal is a signif-
icant component and predictor of juvenile hal-
lux abductovalgus development and has been
shown to be 94.3% accurate [31, 32]. Other
factors to assess radiographically include the
physis, the articulation of the first metatarsal
and medial cuneiform, and other concomitant
deformities. The physis is located at the base
of the first metatarsal and is typically closed
by the age of 17. It should also be noted that
the growth plate usually closes at an earlier age
in females than in their male counterparts. It
is also very important to evaluate the metatar-
sus adductus angle in pediatric patients. The
existence of an increased metatarsus adductus
angle has been shown to be a common finding
in patients with juvenile hallux abductovalgus
[23, 24]. Although the intermetatarsal angle
(IMA) may be low when assessing the juvenile
bunion deformity, one has to take into account
the underlying increased metatarsus adductus
angle (MAA) when present in order to calcu-
late a more accurate angle. The true or effective
IMA was defined by Yu et al. by the follow-
ing formula: IMA + (MAA - 15) = true IMA
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Fig. 7.2 (a, b) Clinical and radiographic appearance of a  of the hallux abductovalgus deformity with a Lapidus
15-year-old male with juvenile hallux valgus and underly-  arthrodesis and a Reverdin osteotomy. The metatarsus
ing metatarsus adductus deformity. (¢) Surgical correction ~ adductus deformity was also corrected

Fig. 7.3 (a, b) Radiographs of a 13-year-old female with ~ surgical correction of all deformities with a closing base
a painful hallux abductovalgus deformity and underlying ~ wedge osteotomy, Evans calcaneal osteotomy with allo-
pes planovalgus. (¢, d) Postoperative radiographs showing ~ geneic bone graft, and a subtalar joint arthroereisis
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Fig. 7.4 This is the radiograph of the clinical bunion
deformity in Fig. 7.1. Notice the small medial eminence
and long first metatarsal. There is also a very large hallux
abductus angle (HAA), low intermetatarsal angle (IMA),
increased metatarsus adductus angle, and increased proxi-
mal articular set angle (PASA). This lateral deviation of
the articular cartilage results in a congruent valgus defor-
mity and renders the first metatarsophalangeal joint sta-
ble. This is in contrast to the adult deformity where PASA
is typically not increased, resulting in an incongruent val-
gus positioning of the first metatarsophalangeal joint and
rendering it unstable and prone to subluxation

[33]. So, when taking the MAA into account,
the true IMA is larger than one expects. This
is very important when deciding on surgical
procedures. The presence of a pes planoval-
gus deformity should also be assessed as it
may also coexist with a hallux abductovalgus
deformity.

Griffiths and Palladino found that in the pediat-
ric bunion deformity, there was a statistically sig-
nificant direct relationship between an increased
metatarsus adductus angle, an increased hal-
lux abductus angle, and an increased proximal
articular set angle, but a trend of a decreased
intermetatarsal angle [24, 34, 35]. This is quite
different than the adult that tends to have a higher
intermetatarsal angle, a moderate hallux abduc-
tus angle, but a low metatarsus adductus angle,
and a low proximal articular set angle (Fig. 7.5).

Treatment Considerations

Treatment options are based upon many factors
and should not be performed for solely cosmetic
reasons. Considerations that the surgeon needs
to take into account prior to developing a treat-
ment plan include the age of the patient, skeletal
maturity, open physis, flexibility of deformity,
onset and progression of deformity, underlying
etiologic factors, concomitant deformities, sever-
ity of symptoms and the patients and parents
expectations. Nonoperative treatments for the
pediatric bunion deformity focus on managing the
symptoms and trying to address any underlying
structural problems that are present. Symptomatic
relief of painful bunions can be achieved with
wider toebox shoes, accommodative padding,
activity modification, and anti-inflammatory mea-
sures. Structural issues are often addressed with
the use of functional foot orthoses and the use of
bunion splints. It is important to continue to moni-
tor for progression of the bunion deformity and
reassess the treatment plan as the child matures.
Surgical intervention should only be enter-
tained after conservative measures have failed
and if there is pain and interference with activi-
ties. It is extremely important to obtain a complete
history and physical examination of the patient.
It is essential to obtain from parents or caretak-
ers any familial or hereditary disease processes
that may result in joint laxity. The patient must be
evaluated for any concomitant deformities such
as metatarsus adductus, pes planovalgus, equinus,
internal tibial torsion, and femoral anteversion
which may have led to the development of the hal-
lux abductovalgus deformity. Failure to identify
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Fig. 7.5 (a) Common radiographic presentation of an
adult bunion deformity including a low MAA, moderate
HAA, low PASA, and incongruent valgus deformity and
subluxation of the 1st MTPJ. (b) Common radiographic

and address concomitant pathology may lead to
insufficient correction or recurrence of the bunion
deformity.

Although the age of the patient is important to
consider when evaluating surgical options with a
child, the patient’s skeletal maturity is key to the
timing of surgical intervention. There is limited
effectiveness with bunion surgery in a child under
the age of six, and it should be avoided. The first
metatarsal is very small and immature and has
only achieved 40 to 50% of its normal growth.
The first metatarsal has obtained 60-80% of its
length between the age of 6 to 10 years old, and
the growth plate is still open. Although the meta-
tarsal is becoming similar in size and shape to the
adult version, surgical intervention should still be
avoided in these patients if possible. Surgery in

presentation of a pediatric bunion deformity including a
high MAA, high HAA, high PASA, and a congruent val-
gus deformity and stable 1st MTPJ. Also note the long
first metatarsal

this age group should be reserved for very severe,
painful, and rapidly progressive deformities.
Girls tend to reach skeletal maturity at an ear-
lier age than boys. By the age of 12, 95% of the
normal metatarsal length is obtained in females
and 90% has been obtained in males. The epiphy-
seal plate generally closes between the ages of 13
and 15 in girls and between 15 and 17 years of
age in boys. The presence of an open physis at
the base of the first metatarsal may lead to either
a delay in surgical correction or placement of
an osteotomy in a more distal location to avoid
injury to the growth plate. Currently, the authors
prefer to wait until the patient reaches skeletal
maturity, meaning the growth plate is closed and
the first metatarsal has reached normal length,
before proceeding with elective bunion surgery
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in the pediatric population. Therefore, surgical
intervention is most favorable when the child is
typically over 16 years old.

Surgical Intervention

As with any type of deformity correction, the
basis for surgical intervention for hallux abduc-
tovalgus involves realigning the bone and rebal-

ancing the soft tissue structures around the joint
back into proper position. Historically, surgical
treatment options for juvenile bunion correction
have focused on distal metatarsal osteotomies
and basilar procedures. Since the juvenile hallux
abductovalgus deformity usually warrants greater
and more aggressive surgical intervention than the
adult, a distal metatarsal osteotomy alone is typi-
cally not enough to gain and maintain full correc-
tion of the deformity (Fig. 7.6). When performed,

Fig. 7.6 (a) A 16-year-old female with cerebral palsy
underwent a Silver bunionectomy 1 year prior. This pro-
cedure was inadequate to correct the deformity, and addi-
tional surgery was warranted. (b) Revisional surgery

including a Lapidus bunionectomy, Reverdin osteotomy,
and distal Akin was performed, and full correction was
obtained
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Fig. 7.7 (a) Preoperative radiograph of a 12-year-old
female with severe juvenile bunion deformity. (b) First
surgical intervention was a closing base wedge osteotomy
with an adductor hallucis tendon transfer. (¢) She returned

distal metatarsal osteotomies are usually used in
combination with basilar procedures to correct
for adaptation of the first metatarsal articulation.
The most common basilar procedures performed
are the closing base wedge osteotomy and the
first metatarsal cuneiform arthrodesis. They are
both effective procedures in correcting the bun-
ion deformity, and it is usually surgeon preference
which procedure is performed. If the growth plate
is still open, the closing base wedge osteotomy is
favorable because it allows for the execution of
the osteotomy and placement of fixation without
interfering with the growth plate. If hypermobility
is present or frontal plane correction of the defor-
mity is warranted, the first metatarsal cuneiform
arthrodesis is typically the procedure of choice
(Fig. 7.7). Other procedures that have also been
performed for the correction of juvenile hallux
abductovalgus deformity include the opening
base wedge osteotomy, crescentic osteotomy, and
epiphysiodesis.

6 years later with recurrence of the bunion deformity and
lesser metatarsalgia due to medial column insufficiency
necessitating a Lapidus procedure

Distal Metatarsal Osteotomies

Distal osteotomies have the advantage of avoid-
ing the physis at the base of the first metatarsal,
but the amount of intermetatarsal angle cor-
rection obtained can be limited. The Reverdin
osteotomy, and its modification, is a popular pro-
cedure to realign the articular surface of the first
metatarsal by removing a medially based wedge
from the dorsal arm. The osteotomy can also be
modified to include a plantar arm to avoid dam-
age to the sesamoids. The capital portion of the
osteotomy can also be shifted laterally for inter-
metatarsal angle correction. A Chevron-type oste-
otomy and its modifications are another type of
distal osteotomy that can be utilized to decrease
the intermetatarsal angle and in some instances
be swiveled to address articular adaptation that
is noted intraoperatively. Fixation for distal oste-
otomies is often achieved with a Kirschner wire
or small screw(s) (Fig. 7.8).
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Fig. 7.8 In addition to a Lapidus arthrodesis, a Reverdin
osteotomy was performed with screw fixation to realign
the articular cartilage on the first metatarsal and gain full
correction of the deformity

Proximal Metatarsal Osteotomies

The crescentic osteotomy has been shown to pro-
vide correction of the juvenile bunion deformity
in several planes, including the frontal plane,
and it also avoids shortening of the metatarsal.
Fixation of the osteotomy has proven to be dif-
ficult however, and it is not commonly used in

Fig.7.9 An opening wedge osteotomy with plate fixation
was performed on this patient with a short first metatarsal.
A Reverdin osteotomy was also performed to correct for
PASA

this patient population. The opening base wedge
osteotomy has also been mentioned, but rarely
utilized, in the correction of juvenile bunion
deformities. This osteotomy actually lengthens
the first ray and may cause jamming and stiff-
ness in the first metatarsophalangeal joint. Since
most juveniles have a long first metatarsal, this
procedure is not ideal. Also, the opening wedge
osteotomy requires bone grafting and/or special
spacers and fixation (Fig. 7.9).

The more common proximal metatarsal oste-
otomy is the closing base wedge. The closing
base wedge osteotomy has been performed
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Fig. 7.10 (a) Preoperative radiograph of an 11-year-old
male with a very painful hallux valgus deformity interfer-
ing with his daily activities and warranting surgical inter-
vention. Notice the open growth plate in the base of the
first metatarsal. (b) A closing base wedge osteotomy was

for years in the pediatric patient with a large
bunion deformity. This procedure can be care-
fully performed with an open growth plate with
the apex of the osteotomy distal to the physis.
Unfortunately, the more distal the osteotomy is
made, the less the intermetatarsal correction can
be obtained, and there is a greater likelihood of
exacerbating any cartilage malposition of the
first metatarsal head (Fig. 7.10). When perform-
ing the osteotomy, care is taken to try and main-
tain the hinge on the proximal medial aspect
at the apex. Fixation is typically obtained with
two-screw fixation with an anchor screw perpen-
dicular to the long axis of the metatarsal and a
compression screw perpendicular to the osteot-
omy (Fig. 7.11). If greater deviation of the prox-
imal articular set angle of the first metatarsal is
noted intraoperatively, then a distal osteotomy
such as a Reverdin can be performed in con-
junction with the closing base wedge osteotomy.
Base wedge osteotomies in conjunction with
the distal Reverdin procedure have been shown
to produce excellent results in the correction
of juvenile hallux abductovalgus deformities,
particularly those associated with metatarsus
adductus and an increased PASA [23].

performed distal to the open growth plate. (¢) Radiograph
of the same patient 10 years after the closing base wedge
osteotomy was performed. Notice how distal the screws
appear in the metatarsal once full growth has been
obtained

One of the main disadvantages to a patient
having a proximal metatarsal osteotomy is
that postoperatively, they must remain non-
weightbearing on that foot until osseous union
is achieved. This is typically 6—-8 weeks in a
short leg cast prior to beginning progressive
protected weightbearing in a removable walk-
ing boot. Devastating results, including eleva-
tion of the osteotomy, nonunion, malunion, and
hardware failure, can happen with a non-com-
pliant patient.

First Metatarsal Cuneiform
Arthrodesis

Lapidus first described the first metatarsal cunei-
form arthrodesis for the correction of juvenile
hallux abductovalgus in 1934 [36]. If the physis is
closed, a Lapidus first metatarsal cuneiform joint
fusion with capsule tendon balancing about the
first metatarsal phalangeal joint is a viable option
in correcting the pediatric bunion deformity. The
Lapidus procedure allows for correction in all
three cardinal planes and can help provide sta-
bility along the medial column. This procedure,
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Fig. 7.11 (a) Preoperative radiograph of a 15-year-old
female. The growth plate is closed, and the first metatarsal
is not elongated, so the procedure of choice was a closing
base wedge osteotomy. (b) Closing base wedge osteot-

therefore, is very beneficial in patients with fron-
tal plane deformity and/or hypermobility.
Adequate joint preparation of the first meta-
tarsal cuneiform joint using either hand or power
instrumentation is performed. Historically, a
laterally based wedge was removed at the joint
to afford adequate intermetatarsal correction;
however, this resulted in shortening of the first
metatarsal which was often problematic. To
account for the shortening, the metatarsal was
often transposed plantarly. More recently, con-
toured or planar joint preparation has been uti-
lized which leads to much less shortening and
does not require plantar translocation of the first

:
1

omy with two screw fixation. The anchor screw is perpen-
dicular to the long axis of the first metatarsal, and the
compression screw is perpendicular to the osteotomy

metatarsal. Since most pediatric bunion defor-
mities have a long first metatarsal, this proce-
dure can effectively reduce the first metatarsal
length as needed.

Following joint resection, the first metatarsal
can be corrected in all three planes to improve the
intermetatarsal angle, frontal plane rotation, and
sagittal plane positioning of the first metatarsal as
needed. Various forms of fixation constructs have
been utilized to stabilize the Lapidus procedure
including screws, staples, plates, intramedullary
nails, and external fixation (Fig. 7.12). Since
the fixation utilized for this procedure crosses
the joint and would interfere with an open phy-
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Fig.7.12 A Lapidus arthrodesis with two-screw fixation

was performed on this

hypermobility

17-year-old female with

sis, this procedure is not recommended for those
patients undergoing surgical correction with an
open growth plate. Although smooth Kirschner
wires could be utilized for fixation if an open
physis is present, it is not ideal.

One of the drawbacks of performing the
Lapidus arthrodesis procedure for bunion cor-
rection is the need for non-weightbearing post-
operatively. However, with enhanced fixation
techniques, the need for non-weightbearing has
been dramatically reduced. Some surgeons begin
weightbearing as early as 2 weeks without show-

ing detrimental effects such as nonunion or dis-
ruption of the arthrodesis site.

Epiphysiodesis

Less commonly, a lateral hemiepiphysiodesis, can
be performed for a skeletally immature patient
with a juvenile hallux abductovalgus deformity.
This epiphysiodesis technique was first described
in the 1930s to correct angular deformities in chil-
dren [37]. The procedure offers a surgical alter-
native to a first metatarsal osteotomy in patients
with a significant bunion deformity and remaining
growth of the metatarsal. Ablation of the physis on
the lateral side results in asymmetric growth of the
metatarsal on the medial aspect, which can lead
to reduction of the intermetatarsal angle and cor-
rection of the deformity over time. According to
Green et al., the pattern of growth of first meta-
tarsal follows a logarithmic regression curve. This
allows for clinical prediction of first metatarsal
growth based on age and sex and, in turn, guides
the timing of the lateral hemiepiphysiodesis proce-
dure. Unfortunately, at the current time, the clini-
cal results of hemiepiphysiodesis have not been
able to be correlated with the anatomic predictions
that the authors provided [38].

Summary

Successful management of juvenile hallux abduc-
tovalgus necessitates thorough knowledge of the
deformity itself and treatment options. The sur-
geon has to be able to recognize all causative fac-
tors, concomitant deformities, and biomechanical
influences that have contributed to the develop-
ment of the hallux abductovalgus deformity. If
contributory conditions are not addressed, main-
tenance of long- term correction is unlikely. The
physician must also recognize that the pediatric
deformity differs from the adult deformity and
should direct treatments accordingly. Skeletal
maturity is key for successful surgical interven-
tion. Surgery performed prior to complete skel-
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etal maturity runs a higher risk for complications
including damage to the growth plate. Typically,
a combination of distal and proximal surgical
procedures is warranted for complete correc-
tion of the hallux abductovalgus deformity. The
surgeon has to individualize the treatment plan
according to clinical and radiographic findings
and select the surgical procedures that are best
for each patient. Successful correction of juve-
nile hallux abductovalgus can be consistently
obtained if the physician recognizes and address
all contributing factors of the deformity, skeletal
maturity is reached prior to surgical intervention,
and the treatment plan is individualized.
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Pediatric Equinus Deformity

Patrick A. DeHeer

Introduction

Equinus has been called “the worst foot in the
world,” “the most profound causal agent in
foot pathomechanics,” and “the primary causal
agent in a significant proportion of foot pathol-
ogy” [1-3]. Up to 95.5% of all biomechanically
related lower extremity pathologies are asso-
ciated with equinus leading to equinus being
described as “extremely prevalent” [3]. The
role of equinus in the pediatric patient is similar
to that of the adult patient, with noted specific
pathologies related to equinus that are unique
to the pediatric patient. Historically, equinus
in the pediatric patient has predominately been
discussed in the neurological patient. Much has
been written on this topic especially in the cere-
bral palsy patient. On the other hand, little has
been written on functional equinus in the non-
neurological pediatric patient. Documentation
of the pathologic effect of equinus on the lower
extremity in the literature dates back for well
over 100 years [4].

In 1913 John Joseph Nutt, MD, described the
relationship of equinus and its effect on the arch,
essentially describing gastrocnemius equinus
[4]. The literature continues to shed light on this
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topic as evident by the Foot and Ankle Clinics
of North America, December 2014 edition,
dedicated solely to the gastrocnemius. Despite
the abundance of literature on equinus, it con-
tinues to be under-evaluated and treated. Pierre
Barouk, MD, discussed this in his Introduction
as guest editor for the Gastrocnemius
Edition of Foot and Ankle Clinics of North
America [5]:

Looking for a retraction of the gastrocnemius
should be an essential part of the foot and ankle
examination for practitioners, not just surgeons.
Even though the equinus has been recognized for
50 years as having an influence on the foot, only
a few practitioners routinely search for it. The
proportion of gastrocnemius tightness is high in
the normal population, but it is significantly
higher in populations that have foot and ankle
problems.

Attaching some symptoms (calf cramps, lower
limb instability, difficulty in walking without a
heel, lumbar pain) to gastrocnemius tightness is
essential to treating patients in a global manner. I
hope you will be convinced of the importance of
this, and no longer do without!

Anatomy

Grasping the anatomy of the gastrocnemius-
soleus complex (GSC) is essential to under-
standing equinus. The GSC is in the superficial
posterior compartment of the leg and is made up
of the gastrocnemius, soleus, and plantaris [6].
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Achilles Tendon

The Achilles tendon is the strongest, thickest, larg-
est tendon in the body approximately 15 cm long
(11-26 cm) with a mean width at its origin of
6.8 cm (4.5-8.6 cm) narrowing distally to mean
width of 1.8 cm (1.2-2.6 cm) and then widening
at the insertion to a mean width of 3.4 cm (2.0—
4.8 cm) [7]. The Achilles is made up of contribu-
tions from the gastrocnemius and soleus muscles.
The exact contribution of each component was
documented by Cummins et al., who discovered
in 52 of 100 cadavers that the Achilles tendon
consisted of 52% by the soleus and 48% by the
gastrocnemius, 35% had equal contributions from
both muscles, and in 13% the gastrocnemius con-
tributed more than 60% [8]. The tendon inserts
into the middle third of the posterior aspect of the
calcaneus with a retrocalcaneal bursae between
the two. The Achilles tendon fibers spiral approxi-
mately 90° with the gastrocnemius muscle fibers
inserting laterally and the soleus muscle fibers
inserting primarily medially. The Achilles does not
have a true tendon sheath but rather a paratenon
that covers the tendon allowing for gliding. The
paratenon provides protection and nourishment.
The tendon’s vascular supply is from the myoten-
dinous junction, paratenon, and calcaneal perios-
teum [6]. The “watershed” area of the tendon is
approximately 4 centimeters from the insertion
and is often the site of rupture due to inadequate
blood flow [6]. See Figs. 8.1, 8.2, and 8.3.

Gastrocnemius, Soleus, and Plantaris
Muscles

The anatomical specifications of the muscles
that make up the GSC complex are described in
Table 8.1 [6-8].

The pathologic influence caused by a contrac-
ture of the GSC is the result of the gastrocnemius
muscle crossing the knee, ankle, and subtalar
joints. The extension of the knee while the foot
is dorsiflexed in late midstance puts the gastroc-
nemius under maximal tension. When the GSC
is pathologically tight, abnormal biomechanical
consequences ensue.

©0© 6

Fig. 8.1 Superficial dissection of the leg and popliteal
area showing a posterior view of the triceps surae and its
components and surrounding structures. (1) Lateral head
of the gastrocnemius muscle; (2) medial head of the gas-
trocnemius muscle; (3) gastrocnemius aponeurosis; (4)
soleus muscle; (5) calcaneal tendon; (6) posterior deep
fascia of the leg; (7) biceps femoris muscle; (8) sartorius
muscle; (9) gracilis tendon; (10) semitendinosus tendon;
(11) semimembranosus muscle; (12) common peroneal
nerve; (13) tibial nerve and branches; (14) sural nerve;
(15) popliteal artery and vein (Copyright © Pau Golano’
2014.) (Reprinted with permission from Foot and Ankle
Clinics 19.4 (2014): 603-635. Copyright 2014, Elsevier)

Clinical Diagnosis

A significant amount in the literature on the
clinical examination of equinus exists, most of
it showing the unreliability of clinical examina-
tion of ankle joint dorsiflexion [10]. Specifically,
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Fig. 8.2 Muscular dissection of the leg to show the com-
ponents of the triceps surae (gastrocnemius muscle is
reflected to reveal soleus posterior aponeurosis). (1) Area
of insertion of the gastrocnemius aponeurosis into the
soleus posterior aponeurosis (conjoint junction); (2) lat-
eral head of the gastrocnemius muscle; (3) medial head of
the gastrocnemius muscle; (4) soleus posterior aponeuro-
sis; (5) plantaris tendon; (6) calcaneal tendon; (7) inser-
tional area of the calcaneal tendon; (8) popliteus muscle;
(9) tendinous arch of the soleus muscle; (10) posterior
deep fascia of the leg; (11) medial intermuscular septum
(Copyright © Pau Golano’ 2014.) (Reprinted with permis-
sion from Foot and Ankle Clinics 19.4 (2014): 603-635.
Copyright 2014, Elsevier)

the use of a goniometer to measure ankle joint
dorsiflexion has been questioned [10-13].
Although the utilization of a goniometer may
have poor intra- and inter-rater reliability, it is
still the most practical method. The key is using
proper technique when measuring. Barouk and
Barouk described the correct method to evalu-
ate equinus by correcting any hindfoot val-
gus to neutral or varus (to prevent dorsiflexion
occurring at the STJ or midtarsal joint), avoid-
ing contracture of the extensors (especially the

Fig. 8.3 Dissection of the calcaneal tendon and its inser-
tion on the calcaneus showing the retrocalcaneal bursa
through ankle’s range of motion (calcaneus has been dis-
articulated from the foot skeleton). (a) Ankle in neutral
position. (b) Ankle in dorsiflexion. (¢) Ankle in plan-
tarflexion. (1) Retrocalcaneal bursa; (2) calcaneal tendon;
(3) plantaris tendon (Copyright © Pau Golano’ 2014.)
(Reprinted with permission from Foot and Ankle Clinics
19.4 (2014): 603-635. Copyright 2014, Elsevier)

tibialis anterior tendon), applying the proper
amount of force (10 nm/2 kg) [9, 14]. With over
23 methods described in the literature on how
to evaluate ankle joint dorsiflexion, it is easy to
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Table 8.1 Anatomy of the gastrocsoleus complex

Gastrocnemius muscle Soleus muscle

Origin Posterior aspect Head and proximal 1/3 of the posterior
femoral condyles and  fibula, middle 1/3 of the medial border
knee capsule of the tibia, soleal line, and interosseous

membrane

Aponeurosis Anterior to muscle Posterior to muscle

Innervation  Tibial nerve (S1 and Tibial nerve (S1 and S2)

S2)

Vascular Sural branches of the ~ Sural branches of the popliteal artery,

supply popliteal artery posterior tibial artery, peroneal artery

Joints Knee, ankle, subtalar ~ Ankle, subtalar joints

crossed joints

Action Plantarflexion of the

ankle joint, flexion of
the knee

understand much of the confusion associated
with equinus [78]. Ankle dorsiflexion can vary
by as much as 8.5° to 10° based on a supinated
or pronated foot position [78]. When the entire
foot is supinated and then the foot is dorsiflexed,
this limits midtarsal joint motion to 2.5°, a clini-
cally insignificant amount resulting in improved
evaluation consistency [78]. Consistency among
research findings by different authors is reassur-
ing. Dayton et al. compared radiographic evalu-
ation of ankle joint dorsiflexion radiographically
and clinically with the foot supinated, pronated,
and in neutral position [79]. The authors found
significant difference with clinical examination
depending on foot position (approximately 14°
between a pronated foot position and a supinated
foot position and approximately 9° between
supinated and neutral), while radiographically
the tibiotalar angle did not change significantly
[79]. The article concluded: “Motion of the foot
between the neutral and supinated positions
introduced an additional source of potential error
from the measurement technique when using the
neutral position as the standard, which has been
recommended in the past. We recommend a supi-
nated foot position as a more reliable foot posi-
tion for measuring the clinical ankle joint range
of motion and propose it as a potential standard”
(see Fig. 8.4) [79].

Plantarflexion of the ankle joint,
stabilizing the leg in standing

Plantaris muscle

Medial and above the lateral head
of gastrocnemius at lateral
condyle of femur coursing lateral
to medial

None — insertion is either
conjoined with Achilles tendon or
medial to Achilles tendon
insertion

Tibial nerve (S1 and S2)

Sural branches of the popliteal
artery, posterior tibial artery,
peroneal artery

Knee, ankle, subtalar joints

Assists with plantarflexion of the
ankle joint and flexion of the knee

Definition of Equinus

DiGiovanni et al., in the Journal of Bone and
Joint Surgery (JBJS) 2002, established an
evidenced-based definition [9]. The study con-
sisted of 34 symptomatic patients and 34 con-
trol patients examining two central points; the
amount of ankle joint dorsiflexion in each group
and how often the diagnosis was correct using
a goniometer [9]. The patient group averaged
4.5° + 4.5° dorsiflexion with the knee extended
and 17.9° £ 9.0° dorsiflexion with the knee flexed
[9]. The control group averaged 13.1° + 8.2° and
22.3° + 10.9° dorsiflexion, respectively [9]. The
difference between the two groups with the knee
extended was statistically significant, while the
difference between the two groups with the knee
flexed was not statistically significant [9]. The
percent of the symptomatic patients with less than
5° dorsiflexion was 65%, and the control group
was 24%, and for less than 10° dorsiflexion, the
totals were 88% and 44%, respectively [9]. The
diagnosis was found to be correct with a goni-
ometer, confirmed with an equinometer, for less
than 5°of dorsiflexion in 76% of the patient group
and 94% of the control group and for less than
10° dorsiflexion in 88% and 79%, respectively
[9]. The authors stated, “We have selected <5°
of maximal ankle dorsiflexion with the knee in
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Fig.8.4 Examination of ankle joint dorsiflexion with the hindfoot in valgus (a), neutral position (b), and varus position
(¢) (Reprinted with permission from Foot and Ankle Clinics 19.4 (2014): 659-667. Copyright 2014, Elsevier)

full extension as our definition because it allowed
us to diagnose the problem in those who were
at risk (symptomatic patients) with fairly good
reproducibility (76%) and, more importantly, we
were able to reliably avoid (in 94% of the cases)
unnecessary treatment of those who were not at
risk (asymptomatic people)” [9].

Gatt el al. went one step farther, correlating
the static measurement with dynamic function
occurring in late midstance prior to heel off [78].
It is well established in late midstance prior to
heel off, and 10° to 15° of ankle joint dorsiflexion
is required to move the body from behind the foot
over the top of the planted foot [78]. Gatt et al.’s
study consisted of two groups: group A measured
<—5° ankle joint dorsiflexion with the foot maxi-
mally supinated, and group B measured < —5° to
0° [78]. In late midstance, ankle joint dorsiflexion
measured 4.4° in group A and 13.9° in group B
[78]. Clearly, 4.4° is inadequate ankle joint dor-
siflexion in late midstance and will require proxi-
mal and/or distal compensation. The authors
concluded: “There is no relationship between a
static diagnosis of ankle dorsiflexion at 0° with
dorsiflexion during gait. On the other hand, those
subjects with less than —5° of dorsiflexion dur-
ing static examination did exhibit reduced ankle
range of motion during gait” [78].

Silverskoild in 1924 described the technique
for examining ankle joint dorsiflexion with the

knee extended and flexed to differentiate gastroc-
nemius equinus from gastrocsoleus equinus [15].
Using the parameters established by Gatt et al.,
when ankle joint dorsiflexion with the foot maxi-
mally supinated is < — 5° with the knee extended
and > 10° with the knee flexed, the deformity is
a gastrocnemius equinus. If ankle joint dorsiflex-
ion with the foot maximally supinated is < —5°
with the knee extended and < 10° with the knee
flexed, the deformity is considered a gastrocso-
leus or osseous equinus. An abrupt end range of
motion necessitates a lateral charger view (maxi-
mal dorsiflexion) x-ray to rule out an anterior
ankle boney block (see Fig. 8.6). If ankle joint
dorsiflexion with the foot maximally supinated is
> —5° with the knee extended and >10° with the
knee flexed, there is no equinus deformity.

Classification of Equinus

Classification of equinus consists of muscular or
osseous equinus deformities and then is further
subdivided based on clinical examination; see
Diagram 8.1 or Diagram 8.2.

Psuedoequinus occurs when the forefoot is
plantarflexed relative to the rearfoot and the ankle
dorsiflexes to get the forefoot parallel to the rear-
foot, resulting in limited available ankle joint dor-
siflexion. This is not a true equinus, and care must
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Diagram 8.1 Muscular
equinus diagram

—

Muscular
l . ' Non-
Spastic Spastic
[ ] [ ]
D D D D
Gastroc GSC Gastroc GSC
Equinus Equinus Equinus Equinus
Diagram 8.2 Osseous
equinus diagram
Osseous
| I I |
)\ D )\ )\
Tibiotalar Osseous Pseudo Combination
Exotosis Bridging Equinus Equinus

Fig.8.5 Lateral weight-bearing foot x-ray demonstrating
a cavus deformity with a pseudoequinus

be taken when evaluating ankle joint dorsiflexion
in the cavus foot (see Fig. 8.5). With plantarflexion
of the forefoot to the rearfoot, the horizontal arm
of the goniometer is aligned to the 5th metatarsal
base and not the metatarsal head. Osseous equinus
is best evaluated with a lateral x-ray in maximal
ankle joint dorsiflexion (charger view) and exam-
ining for anterior impingement (see Fig. 8.6).

Fig. 8.6 Lateral weight-bearing foot x-ray with maximal
dorsiflexion showing anterior impingement of the tibiota-
lar joint
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Frequency of Equinus

Hill studied the frequency of equinus in 206 new
patients over a 6-week period, excluding 26 of the
patients that did not meet the study inclusion cri-
teria [3]. Six patients were found to have normal
ankle joint dorsiflexion using a definition of <3°
dorsiflexion with the knee extended, resulting in
168 patients with equinus (3 with gastrocnemius
equinus and 165 with gastrocsoleus equinus) [3].
The study findings showed a 96.5% rate of equi-
nus in patients with foot and ankle pathologies
[3]. Other authors echo the high frequency of
equinus described by Hill [5, 16].

Associated Pediatric-Related
Pathologies

Becerro de Bengoa Vallejo et al. and Szames et al.
both described the relationship between Sever’s
disease and equinus [17, 18]. Pediatric flatfoot is
another common pediatric lower extremity condi-
tion associated with an underlying equinus defor-
mity [19, 20]. Several authors have described
the relationship between hallux abducto valgus
and equinus [3, 9, 21-27]. Achilles tendonitis
is another commonly associated condition with
equinus [3, 16, 26, 34, 39-46]. Other conditions
that are less commonly associated with equinus
include ankle sprains, ankle fractures, patel-
lofemoral syndrome, iliotibial band syndrome,
hammer toes/claw toes, shin splints/medial tibial
stress syndrome, chronic ankle instability, genu
recurvatum, and stress fractures [22, 26, 28-38].

Biomechanics of Equinus

In addition to understanding the anatomy of the
GSC, understanding the biomechanics of the
GSC is equally important to grasp fully the influ-
ence of equinus deformity on the lower extremity.
Root described the functions of the gastrocne-
mius and soleus muscles as they relate to lower
extremity biomechanics [1]. See Table 8.2.

Table 8.2 Functions of the gastrocnemius and soleus
muscles according to Root et al. [1]

Gastrocnemius functions
Maintains flexion tension
knee — late contact to late
midstance

Stabilize knee — prevents
hyperextension
Decelerates STJ

pronation — end of contact
Accelerates STJ
supination — midstance and
propulsion

Locking MTJ — supination
STJ and MTJ

Soleus functions
Stabilize lateral

forefoot — late contact
and throughout midstance
Decelerate pronation —
end of contact
Decelerates knee

flexion — midstance
Decelerates tibialforward
momentum — midstance

Heel lift — stopping AJ
DF during propulsion

Lifting heel and knee
flexion — initiates
propulsion

Toe clearance — continued
knee flexion during first V2
of propulsion

STJ subtalar joint, MTJ midtarsal joint

Two landmark articles that discuss the role of
the GSC on the medial arch and first ray provide
the basis for understanding the biomechanics of
equinus. Thordarson et al. conducted a study on
the “dynamic support of the human longitudi-
nal arch by the leg muscles active in the stance
phase of gait and by the plantar aponeurosis”
[47]. Progressive loading of various leg muscles
and the angular displacement of the medial arch
in the sagittal plane (talus to 1st metatarsal) and
transverse plane (navicular to talus) were mea-
sured [47]. The study showed the GSC produced
the greatest amount of arch deformation in both
the transverse and sagittal planes with increasing
loading, while the plantar fascia and tibialis pos-
terior tendon increased the arch the greatest in the
sagittal and transverse planes, respectively [47].

Johnson and Christensen studied the effect of
the GSC on the first ray using cadavers with sen-
sors placed on the talus, navicular, first cunei-
form, and first metatarsal [2]. With progressive
loading of the GSC, there was a dampening
effect on the peroneus longus leading to unlock-
ing of the midtarsal joints (hypermobility) and
plantarflexion of the naviculocuneiform joint
(dorsiflexion of the first metatarsal and first
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cuneiform, plantarflexion of the talus and navic-
ular) [2]. This finding corresponds to the distal
compensation that occurs when the GSC limits
normal advancement of the tibia relative to the
foot during the late midstance phase of gait. The
plantarflexion of the naviculocuneiform joint via
unlocking of the midtarsal joint (parallel align-
ment of the oblique and longitudinal midtarsal
joint axes) occurs due to the increased prona-
tion moment caused by the anterior and lateral
movement of the center of pressure relative to
the subtalar joint axis exceeding the supinatory
moment created by the GSC. The net effect is a
pronatory moment on the foot. This increased
net pronatory moment is the ultimate cause of
the pathological conditions with an underlying
equinus component.

Nonsurgical Management
of Equinus

The nonsurgical management of equinus pres-
ents several questions answered by the litera-
ture. The initial question is as follows: What is
stretching? Is it the muscle or tendon? Konrad
and Tilp examined the effect of a short-term
static stretching program on the structural com-
ponents of various muscles [48]. Participants
utilized the runner’s stretch for four 30-second
stretches per day per leg for a total of 6 weeks
[48]. The stretching group showed a statisti-
cally increased ankle joint range of motion at
the completion of the study compared to the
control group. The structural components of
the muscle or the tendon showed no significant
change [48]. The conclusion was the increased
range of motion was possibly the result of adap-
tations of nociceptive nerve endings [48].

The next question for consideration is how
long daily stretching should be done? The liter-
ature ranges from 30 seconds daily to all night
via a night splint [49-57]. In a meta-analysis
conducted by Radford et al. to determine if
static calf stretching increased ankle joint range
of motion, stretching time was also evaluated

[58]. Stretching times consisted of <15 minutes,
15-30 minutes, and >30 minutes of stretching
resulting in increased ankle joint dorsiflexion
of 2.07°, 3.03°, and 2.49°, respectively [58].
The general trend was the longer the stretch, the
greater the increase in ankle dorsiflexion, except
the >30 minute group [58]. The authors attrib-
uted this to an underpowered sample for this
group [58].

Does subtalar joint position matter with
stretching of the GSC? Johanson et al. examined
the effect of subtalar joint position with ankle
joint dorsiflexion [30]. The study consisted of
27 patients that stretched for 30-seconds five
times a day with the foot supinated and pro-
nated [30]. The initial measurements for ankle
joint dorsiflexion with the knee extended were
right (4.6° = 4.1°) and left (4.6° = 2.9°) [30].
The findings revealed an increase in midfoot/
forefoot dorsiflexion when stretching with the
subtalar joint pronated compared to supinated,
significantly more knee extension with supi-
nation (supination externally rotates the tibia
allowing for full knee extension via the “screw-
home mechanism”) compared to pronation,
and vertical ground reactive forces normalized
with supination [30]. There was no significant
change in ankle/rearfoot dorsiflexion between
the two positions [30].

What is the effect on range of motion with
stretching? This is the ultimate question when
considering nonsurgical treatment of equi-
nus. If there is no significant increase in ankle
joint range of motion with stretching, then
this method of treatment for equinus becomes
invalid. Macklin et al. examined range of
motion, peak plantar pressures, heel contact
time, and stance phase time with calf stretching
[59]. The study examined 13 runners without a
foot or ankle pathology and < 6° ankle joint dor-
siflexion with the knee extended [59]. Extremes
in foot structure (pes planus or pes cavus) were
excluded from the study using the foot posture
index criteria (inclusion included foot posture
index < +8 to > —8) [59]. The GSC complex
was stretched with an adjustable ramp for
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4 minutes twice a day with measurements taken
after 4 and 8 weeks using a goniometer (aver-
age of three measurements) [59]. Initial ankle
joint dorsiflexion with the knee extended mea-
sured 5° on both right and left legs [59]. Ankle
joint range of motion increased by approxi-
mately 200% following 8 weeks of stretching
with a total increase in range of motion for the
left of 11° and right of 10° [59]. Peak plantar
pressures were hypothesized to decrease with
normalization of ankle range of motion, but
the results showed an increase in peak plantar
pressures beneath the first and second meta-
tarsal heads bilateral and fifth metatarsal head
right. Heel contact time was also expected to
be higher with improved ankle joint dorsiflex-
ion, but it decreased [59]. The authors attrib-
uted these results to improved foot mechanics
resulting in higher peak plantar pressures being
distributed more evenly for shorter durations of
time [59]. They theorized this was less harm-
ful to the foot [59]. They concluded: “These
results also strongly indicate that this specific
non-invasive stretching regime could be consid-
ered before resorting to more invasive options.”

When considering different nonsurgical
treatment of equinus, manual stretching has
been described most often in the literature.
There are significant obstacles this method of
treatment presents. As stated previously, the
time required to stretch daily has never been
established in the literature. If a time of 30 min-
utes per day per leg were a reasonable time
frame, then manual stretching would require a
patient to perform the runner’s stretch for a total
of one per day. Additionally, it is accepted that
6 weeks of stretching is required to reach nor-
mality (I believe it is more like 8 to 12 weeks
based on my clinical experience). These factors
lead to low rates of compliance with any manual
stretching program and ultimate failure. Finally,
the runner’s stretch is technically demanding to
do correctly; back heel must be completely on
the ground, back knee straight and front knee
bent, avoiding bending at the hips too much,
and supination of the subtalar joint is manda-

tory (pronation results in dorsiflexion through
the midfoot and ineffective stretching of the
GSC). The reality of manual stretching is that it
is a technically demanding maneuver to perform
correctly. In the pediatric patient, all of these
factors become more pronounced resulting in a
very low compliance rate.

If manual stretching is not the solution, are
night splints the answer? Night splints do not go
above the knee and are incapable of maintaining
the knee in full extension resulting in subopti-
mal stretching. This is particularly true if the
patient tries to sleep with them on because the
sleeping position with a night splint on is almost
always on the side with knees bent. This does
not stretch the gastrocnemius at all and there-
fore inadequately treats the deformity. Indeed,
a patient could wear a night splint and extend
the leg, but fully extending the knee while dorsi-
flexing the foot is uncomfortable, and the natu-
ral position of the knee is slight flexion. If the
knee is not locked into full extension and held
externally, the tendency will be to flex it slightly
to reduce the discomfort and assume a natural
state of slight knee flexion. Also, if the subtalar
joint is not supinated, the tibia will not exter-
nally rotate allowing for full knee extension.
Finally, night splints do not allow for precisely
controlled dorsiflexion of the ankle joint result-
ing in either over- or under stretching. The ideal
bracing solution would include an above-the-
knee extension; an adjustable, controlled ankle
hinge; and a method to supinate the subtalar
joint. This is only available in the The Equinus
Brace® (IQ Med, Carmel, Indiana). This brace
is recommended to be used daily for 1 hour per
day. If bracing is utilized to treat equinus, the
patient should be evaluated monthly, and dor-
siflexion increased until the patient reaches 5°
ankle joint dorsiflexion with the knee extended.
This typically takes between 8 and 12 weeks.
In high-demand patients, such as runners or
other athletes that participate in running-related
sports, a maintenance therapy program is recom-
mended to prevent recurrence. During the run-
ning gait cycle, the knee is never fully extended
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while the ankle is dorsiflexed. According to the
law of Davis (over time soft tissue contracts
to the shortest length possible), this shortened
functioning of the GSC during the running gait
cycle puts the runner or athlete that participates
in running-related sports to recurrence of defor-
mity [4]. This scenario is also a problem in dia-
betic patients as they are prone to a tightness
of the GSC due to glycosylation of the tendon
requiring a maintenance program [62]. In the
pediatric patient, bone has been shown to grow
faster than muscle (GSC) during growth spurts
leading to an equinus deformity [17, 18]. A
child experiencing a growth spurt may require
maintenance therapy. Customized maintenance
therapy based on the patient’s response to the
treatment provides a logical treatment algo-
rithm. For example, have the patient stretch 1
day a week, with their ankle joint dorsiflex-
ion being examined monthly to determine any
required treatment modification. If the ankle
joint dorsiflexion is falling below the 5° mark,
then the patient should stretch twice weekly
and be reevaluated in another month. The exact
number of days per week required of stretching
should be based on the patient’s results and cus-
tomized accordingly.

Conservative treatment of several pediatric
foot and ankle conditions is considered the stan-
dard of care. If an equinus deformity is related to
the pathology, it must be treated either prior or
simultaneously with the pathology. For example,
when treating a pediatric flatfoot with orthotics,
it is recommended to correct the equinus com-
ponent before implementing orthotic therapy.
Orthotic tolerance by the patient improves when
the plantarflexion of the naviculocuneiform joint
resolves with treatment of the equinus deformity.
Conversely in Sever’s disease, treatment is most
optimal treating the equinus and the Sever’s dis-
ease simultaneously.

One final consideration regarding the non-
surgical management of equinus is bilateral vs.
unilateral therapy. In cases where the pathology
is unilateral, should the asymptomatic leg be
treated? The answer is evident in both the struc-

tural evaluation of the muscle-tendon unit and
from research on stretching therapy for equi-
nus. Manal et al. examined the pennation angle
of lower leg muscles and found no significant
difference between right and left sides for any
of the studied muscles [61]. Additionally, stud-
ies like Johanson et al. and Macklin et al. both
showed similar findings on right and left sides
with initial measurements of 4.6° and 5° of
ankle joint dorsiflexion with the knee extended
for both right and left sides, respectively [30,
59]. These findings and others indicate that
both legs under normal circumstances have
equivalent ankle joint dorsiflexion, and when
it is abnormally limited, the equinus deformity
is present bilaterally. In cases when a patient
has a unilateral pathology, it is recommended
to treat the equinus bilaterally as deformity is
most likely symmetrical and treating only the
symptomatic side can result in a functional limb
length inequality.

Surgical Treatment of Equinus
Deformity

The surgical management of equinus consists
of five operative zones within the GSC [60]
(see Figs. 8.7 and 8.8). Historically, the sur-
gical approach to equinus deformity has cen-
tered on lengthening of the Achilles tendon
(TAL). Recently there has been a transition to
gastrocnemius recession via the Baumann or
Strayer procedures. Review of the literature
on this topic provides a clear picture why gas-
trocnemius recession has become preferable,
particularly the Baumann procedure. The most
concerning complication associated with TAL
is over-lengthening resulting in a calcaneal
deformity. This can become a limb-threating
deformity. Holstein et al. used TAL to treat
diabetic forefoot ulcers with an 80% success
rate, but there was an 11% heel ulcer trans-
fer rate [63]. Similar over-lengthening results
can be seen in other studies (13%, 2% to 10%,
22%) [64—-66]. Conversely, the complications
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Fig. 8.7 The posterior leg
can be divided into five
anatomical levels. Based
on anatomical level and

Surgical
Procedure

clinical assessment, i s S oo SR B s

specific surgical
procedures are indicated.
The location for superficial
gastrocnemius soleus
recession is highlighted.
GT gastrocnemius
tenotomy, GSR
gastrocnemius soleus
recession, TAL tendo-
Achilles lengthening
(Reprinted with permission
from the Journal of the
American Podiatric
Medical Association;
95(1):18-25. Copyright
2005, The American
Podiatric Medical
Association)

Deep
GSR

Distal GT

.Superficial
GSR

TAL

associated with gastrocnemius recession are
relatively minor ranging from nerve injury
to delayed wound healing [67]. Furthermore,
TAL has been demonstrated to have higher
recurrence rates in neurologically based equi-
nus deformities compared to gastrocnemius
recession [68].

Baumann and Koch described an intramus-
cular gastrocnemius fascial lengthening consist-
ing of multiple recessions of the gastrocnemius
to increase ankle joint dorsiflexion [69, 70]. The

Baumann

[ e o g ———

Baker

Anatomical
Level

Baumann procedure differs from the Strayer gas-
trocnemius recession, which lengthens the gas-
trocnemius aponeurosis and possibly results in
more weakness [71]. Herzenberg et al. examined
the Baumann procedure looking at the ankle joint
dorsiflexion with successive recessions of the
gastrocnemius and soleus and Achilles tenotomy
[72]. A summary of the data from the study is
shown in Table 8.3.

The interesting finding from this study is that
the amount of dorsiflexion increase from one
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Fig. 8.8 Surgical anatomy of the triceps surae. The tri-
ceps surae is divided into 5 levels for a better understand-
ing of the structures resected during surgery at each level,
following the division proposed by Lamm and colleagues.
(1) Level 1, calcaneal tendon; (2) Level 2, starts in the
common aponeurotic tendon of the soleus and gastrocne-
mius and finishes at the distal end of the soleus muscle;
(3) Level 3, starts where the muscle bellies of the gastroc-
nemius merge to form the calcaneal tendon and finishes
where the aponeuroses of the soleus and gastrocnemius
merge; (4) Level 4, comprises the medial and lateral bel-
lies of the gastrocnemius; (5) Level 5, comprises the prox-
imal insertion and tendons of the medial and lateral heads
of the gastrocnemius (Copyright © Pau Golano’ 2014.)
(Reprinted with permission from Foot and Ankle Clinics
19.4 (2014): 603-635. Copyright 2014, Elsevier)

gastrocnemius recession to a second gastrocne-
mius recession was 6°, whereas adding a soleus
recession increased dorsiflexion by only 1°
[72]. The amount of dorsiflexion achieved after
one recession was 8°, which is well above the
definition of equinus described by DiGiovanni
et al. of >5° [9, 72]. An important intraopera-
tive recommendation in addition to using multi-
ple recessions within the gastrocnemius fascial
layer is to cut the plantaris tendon as well. This
provides a noticeable increase in ankle range of
motion.

Rong et al. demonstrated that a Baumann
procedure with two recessions provides an equal
amount of increased ankle dorsiflexion compared
to a Strayer gastrocnemius recession without the
weakness associated with the Strayer [80].

Saraph et al.’s retrospective study examined
the Baumann procedure as part of the multilevel
single-stage surgical correction of 22 cerebral
palsy patients with 28 limbs [73]. The findings
showed significantly increased ankle joint dor-
siflexion without weakness of the GSC [73].
Additionally, improvement of the popliteal
angle postoperatively (an important component
of treatment in the cerebral palsy patient) and
reversal of abnormal energy generation during
midstance to a typical pattern of energy absorp-
tion were noted [73]. Similarly, El-Adwar et al.
showed 80% satisfactory results for the use of
the Baumann procedure in cerebral palsy pedi-
atric patients [74]. Rong et al. examined the use
of the Baumann procedure as part of the com-
prehensive treatment of both adult and pediatric
flatfoot reconstructions [75]. The post-proce-
dure mean increase in ankle joint dorsiflexion
was 13.6° with the knee extended and 9.7° with
the knee flexed [75]. The average American
Orthopaedic Foot & Ankle Society ankle-hind-
foot (AOFAS-AH) scores improved from 56.8
to 72.1 [75].

The recurrence of contracture post-GSC
lengthening of any type has been documented to
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Table 8.3 Summary of ankle joint dorsiflexion preoperative, post single gastrocnemius recession, post double gastroc-
nemius recession, post soleus recession, and post Achilles tenotomy

30

27
25
25
20 21
20 —
17
15
15
12
9
10
5
1
0 T
Preoperative Gastroc 1st Gastroc 2nd Soleus Achilles
Recession Recession Recession Tenotomy
i AJ DF KE i AJ DF KF

Blue = ankle joint dorsiflexion with knee extended, Red = ankle joint dorsiflexion with knee flexed

range from 9.1% to 35% [68, 74—77]. With this
high recurrence percentage of equinus deformity,
consideration for post-surgical bracing may be
beneficial and should be considered.

Conclusion

Equinus deformity is prevalent and especially so
in the biomechanically related pathologic patient.
In fact, often the equinus is the “root” or “pri-
mary causal agent” of the deformity. James Amis,
MD, in his article from Foot and Ankle Clinics of
North America 2014 stated it best [16]:

It has been postulated that epidemiologic factors,
such as obesity, sedentary lifestyle, medical
comorbidities, shoe wear, concrete floors,
advanced age, female gender, and overuse issues,
to name a few, are responsible for a variety of foot
and ankle pathology. Although these factors might
consistently coexist with a variety of foot and
ankle problems and seem to have a causal rela-

tionship, it is my assertion that they have little if
any direct relationship.

The singular and real association of each of these
epidemiologic factors is a contracture of the gas-
trocnemius muscle, which is camouflaged in this
list. Most every other cause of these foot and ankle
problems is likely mediated by contributing to the
degree and/or rate of an already contracting gas-
trocnemius. These problems promote gastrocne-
mius tightness, which in time causes incremental
damage to the foot and/or ankle.

I concur with Dr. Amis in his assertion that equi-
nus is the “singular and real association” etiologic
factor of most biomechanically related lower
extremity pathologies. With the ever-emerging
evidence on the significance of equinus defor-
mity in the adult or pediatric patient, a thorough
understanding of equinus and treating it accord-
ingly is essential to optimal patient outcomes.

Disclosure Patrick A. DeHeer is the inventor of The
Equinus Brace® and an owner of 1Q Med.
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Calcaneovalgus and Congenital

Vertical Talus

Marissa S. David and Glenn M. Weinraub

Congenital pes planovalgus describes a spectrum
of flatfoot deformity present at birth with varying
degrees of severity. Calcaneovalgus is a flexible
dorsiflexion and eversion deformity of the foot
and is reducible with manipulation (Fig. 9.1).
Congenital vertical talus is a more severe convex
deformity defined by irreducibility of the navicu-
lar on the vertically oriented talus, combined
with dorsolateral and Achilles tendon contrac-
tures. This distinction of flexibility versus rigid-
ity determines diagnosis and treatment.

Calcaneovalgus
Introduction

Calcaneovalgus is a flexible dorsiflexion and
eversion deformity of the entire foot. It is the
most common neonatal foot and ankle defor-
mity [1]. Estimations of incidence vary widely
from 1:1000 to as much as 30%, as mild cases
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Fig. 9.1 Calcaneovalgus is a flexible dorsiflexion and
eversion deformity of the entire foot

may go unnoticed and undiagnosed and are self-
correcting [2]. Incidence is greater in females
than males and greater in first-born children.
This postural deformity is most likely caused by
intrauterine malposition and compression within
the small uterine space, a theory consistent with
the greater incidence in first-born children [3].
Importantly, there are no osseous changes, hypo-
plasia, subluxations, or dislocations limiting cor-
rection. Treatment aims to identify those cases
which may benefit from gentle manipulation or
serial casting. Surgery is not indicated.
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Diagnosis

In mild cases the foot may appear mildly dor-
siflexed, everted, and abducted, but in severe
presentations the foot may touch the anterior
aspect of the leg. With gentle plantarflexion,
inversion, and adduction, the foot is brought into
rectus alignment. A variable degree of tightness
of the dorsal-lateral structures may be appreci-
ated. The reducibility of the deformity is crucial
in distinguishing calcaneovalgus from complex
congenital pes planovalgus or congenital vertical
talus, which is a rigid talonavicular dislocation
that produces a characteristic “rocker-bottom”
appearance of the plantar surface and is discussed
in greater detail below. If the foot is fully reduc-
ible, radiographs are not indicated. In severe
cases with excessive dorsal-lateral soft tissue
contracture, plains films should rule out osseous
adaptations.

Treatment

Though all cases of calcaneovalgus are flex-
ible, the severity of the deformity is defined by
reducibility: mild cases can be plantarflexed
and inverted beyond neutral, moderate cases
can be brought to neutral alignment with some
difficulty, and severe cases display flexibility
but cannot be fully plantarflexed and inverted
to neutral position. Severity also dictates treat-
ment. Mild cases are self-correcting within 3—6
months. Moderate cases are treated with frequent
stretching of the foot by the child’s parents with
the goal of gently manipulating the foot to neutral
position and stretching the contracted dorsal-lat-
eral soft tissues. The stretch is comfortably held
for 10-20 seconds and performed up to dozens
of times daily. Stretches are well tolerated by
the infant and can be incorporated into repeti-
tive child care routines to ensure compliance.
Severe cases require serial casting weekly for
4-6 weeks. The deformity can be fully corrected
without surgical intervention.

Prognosis is excellent regardless of severity.
Comparison between calcaneovalgus treated
with manipulation and elastic bandaging versus

observation alone suggests even stretching may
not be necessary to yield excellent outcomes, as
one early series of 125 patients demonstrated no
significant difference between treatment groups
at a follow-up of 3—11 years [4]. The majority of
feet display normal architecture and function at
long-term follow-up. Parents and clinicians can
remain vigilant for symptomatic flexible flatfoot
as the affected child grows, as a high correlation
between pathologies has historically been sug-
gested [5]. More recent evidence in a 16-year fol-
low-up of 13 children treated for calcaneovalgus
suggests no tendency toward the development of
pes planus [6].

Congenital Vertical Talus
Introduction

In contrast to calcaneovalgus, congenital vertical
talus (CVT) presents at birth with a rigid convex
flatfoot. The navicular is irreducibly dislocated
upon the talar head. The Achilles tendon and
dorsal-lateral soft tissues are contracted. The
calcaneocuboid articulation may be subluxed or
dislocated. As suggested in nomenclature, the
talus is vertically oriented, parallel to the tibial
axis viewed radiographically. The condition is
rare but disabling if left untreated. Advances in
minimally invasive surgical techniques combined
with serial casting have improved markedly
upon historically performed extensive soft tissue
releases, and outcomes are now promising.

Diagnosis

Pediatric flatfoot may be the presenting feature of
multiple deformities including flexible calcaneo-
valgus, tibial bowing, oblique talus, idiopathic
pes planus, and CVT. The neonatal foot with
CVT displays a convex plantar surface with fixed
forefoot abduction and hindfoot valgus. The talar
head is palpable plantar medially. In cases pre-
senting later in childhood, the child may already
be walking, as CVT does not delay progression
to ambulation. A “peg-leg” gait without normal
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shock absorption or toe-off is characteristic.
The forward progression of gait is without nor-
mal ground contact of the heel, lateral column,
or digits. The medial longitudinal arch is fully
collapsed and convex and is the primary weight-
bearing surface of the foot. The foot is maximally
pronated throughout the entire gait cycle [7].

The defining feature of CVT is irreducibility
and may be appreciated immediately upon ini-
tial examination, prompting further radiographic
confirmation. Examination should include
anterior-posterior, lateral, and dynamic films.
Incomplete ossification of the pediatric foot can
limit full visual delineation of the deformity, but
characteristic findings are visible nonetheless
and can confirm the diagnosis. The anterior-pos-
terior view will show an abnormally increased
talocalcaneal angle beyond 30°. On lateral plain
radiographs, the talotibial, talocalcaneal, tibiocal-
caneal, and talo-first metatarsal angles are abnor-
mal. The talo-first metatarsal angle exceeds 35°.
The talus will be oriented vertically, paralleling
the tibial axis, with a talotibial angle approaching
180 degrees (Fig. 9.2). Midfoot dorsiflexion will
not reduce under dynamic visualization. Though
the non-ossified navicular will not be visualized,
the talo-first metatarsal angle will not reduce to
normal. The combination of a clinically convex,
rigid pes planovalgus with non-reducible midfoot
dislocation on dynamic stress radiographs con-
firms the CVT diagnosis [8].

CVT produces or is the result of anatomi-
cal changes across the mid- and hindfoot that
together combine in a convex plantar surface and

Fig. 9.2 Lateral radiograph of congenital vertical talus.
Note the increased talo-first metatarsal angle as well as
the vertical orientation of the talus yielding a tibial-talo
angle of almost 180 degrees

dorsal-lateral contractures. The breadth of ana-
tomical changes is correlated with the severity of
the deformity. Dorsal dislocation of the navicu-
lar leads to hypoplasia of its plantar aspect. The
extent of articular cartilage on the adjacent dorsal
talar head expands to accommodate the abnormal
articulation. The talar dome articulates within
the talocrural joint only in its posterior one-third.
The articular surfaces of the calcaneus are mal-
formed to accommodate the vertically aligned
talus: the sustentaculum tali no longer supports
the talus, and the now nonarticular middle and
anterior facets of the subtalar joint are reduced in
size or fibrotic. The calcaneocuboid articulation
may be intact, subluxed, or dislocated.

Plantar-medial ligamentous structures are
elongated or attenuated to accommodate the plan-
tar-medial bulge of the talar head. Conversely,
the dorsal-lateral and posterior structures includ-
ing the dorsal talonavicular and calcaneofibular
ligaments and the posterior ankle and subtalar
joint capsules are contracted. The extensor reti-
naculum is thickened and accentuates the dorsi-
flexory power of the extensor musculature. Both
the triceps surae and anterior group are short-
ened, consistent with both equinus and midfoot
dorsal contracture.

Etiology

CVT is a rare defect, affecting approximately
1 in 10,000 births [2]. CVT may present as an
“isolated” deformity defined by the absence
of any associated medical comorbidities, but
approximately 50% of cases are “non-isolated”
and associated with genetic or neuromuscular
conditions. Non-isolated cases of CVT are gen-
erally more severe, with even greater rigidity of
the deformity. Muscular and neurological con-
ditions most frequently associated with CVT
include arthrogryposis and myelomeningocele.
Diastematomyelia, cauda equina lipoma, sacral
agenesis, and neurofibromatosis have also been
associated with CVT, as have a plethora of rare
genetic syndromes [9]. An inheritance pattern
evident in approximately 20% of cases sug-
gests autosomal dominant transmission with
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incomplete penetrance. Though specific muta-
tions of HOXD10 and GDF5 have been noted
in specific familial lineages with isolated CVT,
genetic factors and heritability of the condition
remain poorly understood [10-13]. CVT is idio-
pathic in the majority of cases and correlational
in much of the remainder. Treatment is not dic-
tated by etiology, but the greater contracture and
rigidity of non-isolated CVT has historically
required more prolonged or invasive treatment.
More recent evidence suggests that isolated and
non-isolated CVT can be treated identically with
similar outcomes [9].

Treatment

The goal of treatment is to reduce the rigid dor-
siflexion deformity to a relatively mobile, plan-
tigrade, pain-free, and functional foot. Treatment
has evolved since the first complete anatomical
description of CVT in 1914. Conservative cast
treatment alone proved minimally successful and
was succeeded first by early attempts at excision
of the talus or navicular and later by two-staged
tendon lengthening and posterior capsulotomies
described between 1956 and 1970 [14-16]. A sin-
gle-stage medial approach with soft tissue release
was then described in 1979 [17]. A more popu-
lar dorsal approach was popularized by Seimon
in 1987 with a promising case series describing
extensor hallucis longus and peroneus tertius
tenotomies, talonavicular capsulotomy, percuta-
neous tendo-Achilles lengthening, and Kirschner
wire fixation of a reduced talonavicular joint [18].
A comparison between the dorsal single-stage
release and a multiple incision posterior approach
by Mazzocca et al. in 2001 confirmed successful
reduction and maintenance of the talonavicular
joint with better clinical outcomes, fewer compli-
cations, and less surgical time with a single dor-
sal approach [19]. Despite a decades-long trend
toward progressively less invasive surgical cor-
rection, single and double incisional soft tissue
releases continued to be frustratingly complicated
by peri-incisional soft tissue necrosis, rearfoot
and ankle stiffness or arthrofibrosis, incomplete
reduction, and avascular necrosis of the talus.

The preferred treatment of CVT underwent a
dramatic change in 2006 with the publication by
Dobbs et al. of a method combining serial cast-
ing, percutaneous Kirschner fixation of the talo-
navicular joint, and percutaneous tendo-Achilles
lengthening (TAL) [20]. The dramatic success
of the Ponseti method of clubfoot treatment —
in which the cavovarus deformity is gradually
manipulated around the talar head — prompted
a similar application of principles to the cor-
rection of the dorsal-laterally dislocated foot in
CVT, albeit in reverse. The foot is manipulated
into plantarflexion and inversion with pressure
applied to the plantar-medial talar head and pro-
gressively corrected with serial casts weekly for
5 weeks. The talo-navicular joint is then pinned
in a corrected position with a single Kirschner
wire. A percutaneous TAL is performed. In cases
with incomplete talonavicular reduction with
casting alone, a minimal incision is made dorsal-
laterally to allow the insertion of an elevator to
facilitate reduction; no extensive capsulotomy
is performed. Eleven patients (19 feet) were fol-
lowed for a minimum of 2 years. Three patients
experienced re-subluxation of the navicular. At
final follow-up, all patients displayed signifi-
cant improvement in all measured radiographic
variables, which were now within normal limits.
Importantly — and in contrast with more exten-
sive soft tissue releases — rearfoot motion was
preserved, with 33° of ankle plantarflexion and
25° of dorsiflexion. Subsequent studies have
shown similarly promising outcomes in both iso-
lated and non-isolated CVT over the short term
[21-24].

These promising early results were followed
in 2015 by long-term follow-up confirming supe-
rior ankle range of motion and pain scores with
the combined Dobbs or reverse-Ponseti approach
compared to extensive soft tissue release [9].
Yang and Dobbs followed 27 patients (42 feet)
for mean of 7 years (range, 5-11.3 years).
Sixteen patients (24 feet) were treated with the
combined minimally invasive approach at an
average age of 6.6 months, while 11 patients
(18 feet) underwent extensive soft tissue release
including posterior capsulotomy of the ankle
and subtalar joints, calcaneofibular ligament
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transectioning, and midtarsal capsulotomy at an
average of 15.2 months. Patients were assessed
radiographically, clinically, and subjectively with
the PODCI questionnaire. Angle dorsiflexion,
plantarflexion, and total range of motion were
significantly better with the minimally invasive
approach, yielding mean dorsiflexion of 18.5°,
plantarflexion of 23.9°, and total range of motion
of 42.4°, compared to 5°,7.7°, and 12.7°, respec-
tively, in the more extensively release group. The
mean normative pain score was significantly less
(51.0 versus 34.1), and normative global function
was greater (48.3 versus 34.3) in the minimally
invasive group. Radiographic correction was
identical. The extensive release group required
more repeat soft tissue releases, and one patient
suffered soft tissue necrosis.

Summary and Recommendations

CVT is a rare, potentially disabling deformity
characterized by a convex weight-bearing sur-
face of the affected foot, with dorsal dislocation
of the navicular and contracture of the Achilles
and dorsal-lateral soft tissue pedal structures.
Calcaneovalgus may appear similar but can
easily be distinguished by reducibility of the
deformity to neutral alignment. This distinction
dictates treatment.

Mild calcaneovalgus requires no interven-
tion and is self-correcting. Moderate calcaneo-
valgus benefits from simple stretching. Severe
calcaneovalgus rapidly improves with serial cast-
ing. Children and parents can anticipate normal
development, and recent literature suggests no
proclivity to develop symptomatic pes planus in
adolescence.

The optimal treatment of CVT now combines
serial casting and minimally invasive surgery
to reduce the deformity and maintain correc-
tion, regardless of etiology. Serial casting for
4-6 weeks stretches contracted dorsal-lateral
soft tissues and partially or completely reduces
the dorsally dislocated navicular. The improved
alignment of the foot is then maintained with
percutaneous pinning of the talonavicular joint.
A small stab incision may be required to facilitate

complete talonavicular reduction. A percutane-
ous TAL is performed. The combined approach
has been shown to maintain normal ankle joint
ROM, minimize pain, reduce complications, and
maintain reduction. No follow-up of the com-
bined method has been carried into adulthood
to date, but long-term follow-up at an average of
7 years is excellent.
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Kieran T. Mahan and Caitlin Mahan Madden

Terminology

The terminology used to describe this deformity
has led to confusion about the nature of the con-
dition. The terms “flatfoot” and “pes planus” are
particularly problematic. Both terms describe a
low arch foot, but not necessarily an unstable
low arch foot. As such, these terms end up being
viewed as descriptors of one range of normal
anatomy and function. Because some of these
patients have a stable but low arch, they have no
need for intervention and they can be confused
with those patients who have a truly pathologi-
cal foot.

Sigvard Hansen used the term “peritalar sub-
luxation” in the adult flatfoot, while McGlamry
used the term collapsing pes valgo planus [1]. In
either event, it is important to use terminology
that captures the fact that we are dealing with a
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pathological condition. Pes valgus deformity is
the term that the authors most frequently use.

Functional Anatomy

Support of the foot depends on a number of fac-
tors, including osseous architecture, ligamentous
stability, and muscular activity. Basmajian and
Stecko [2] demonstrated that extrinsic muscle
stability does not significantly contribute to arch
stability during stance. Rather, osseous and liga-
mentous structures provide the majority of the
stability in static stance. The stability that these
muscles provide is significantly dependent on
their location compared to the axes of motion of
the joints of the foot. For example, those mus-
cles on the supinatory side of the subtalar joint
axis can contribute significantly to decelerat-
ing pronation. The tibialis posterior is the most
powerful of those muscles because of its size,
long lever arm, and the deep integration of its
many insertional fibers with ligamentous struc-
tures. Pes valgus deformity patients demonstrate
increased activity of tibialis anterior and poste-
rior, soleus, and peroneus longus in comparison
to the rectus foot. The effect of the tendoachillis
serves to greatly accentuate pronation in a valgus
foot when the tendon falls on the pronating side
of the joint.

The truss and beam concept has been used to
describe the stability of the arch. In this model,
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the metatarsals and lesser tarsals are the ante-
rior strut, while the talus and calcaneus are the
posterior strut, and the plantar fascia acts as the
tie rod connecting them. As the posterior strut
is loaded and the struts attempt to separate, the
tie rod (fascia) becomes loaded under tension.
The central band of the plantar fascia, or plan-
tar aponeurosis, provides the majority of this
stability.

Intrinsic muscle activity supports ligamen-
tous function particularly during gait [3]. Mann
and Inman showed that individuals with flatfeet
require greater intrinsic muscle activity during
walking to stabilize the foot [4]. Ligamentous
integrity provides tremendous stability in both
stance and gait. The foot can also be thought of as
an articulated beam with load creating compres-
sion on the dorsal convex side and tension on the
plantar concave side.

The complexity of arch stability is exempli-
fied by the variety of tissue failures that can cre-
ate collapse. The spring ligament is one of those
tissues whose compromise is known to produce
a collapsed foot in the adult. The spring liga-
ment is a broad thick ligament with the supero-
medial calcaneal ligament providing medial to
lateral articular stability to the head of the talus.
In the severely deformed pediatric foot, it is
logical to expect that a valgus foot will present
with a deformed spring ligament and that cor-
rection of the deformity may leave the ligament
in a stretched position that may require repair.
Tibialis posterior rupture is well known to cause
arch collapse in the adult flatfoot, particularly
with an intact peroneus brevis that now has
nothing to counteract it. Rupture of the spring
ligament has also been identified as an isolated
cause of collapse of the medial arch in adults
[5], [6]. Peroneus longus rupture disrupts the
stability of the first ray, which can result in a
cascade of events causing collapse of the medial
longitudinal arch. Rupture of the plantar fascia
can also result in long-term arch collapse. The
spring, deltoid, and interosseous talocalcaneal
ligaments are most important in stabilizing the
arch [7].

Epidemiology

Given the lack of a standard definition and diag-
nostic tools, a discussion of epidemiology based
upon past studies is difficult. Staheli’s [8] longi-
tudinal study of asymptomatic children and adult
footprints is often cited as proof that flatfeet are
within the normal range in children and adults.
Although the study contributed to the understand-
ing that children’s feet, under most circumstances,
develop from flat to rectus, the study was severely
limited by the use of footprint technology which
could not assess function [9]. Nonetheless, even
with this limitation, and with the possibility that
changing fat pad development alters the findings,
it is clear that stability of the child’s foot increases
with age as part of normal development [10].

The need for objective studies was highlighted
by the study by Cowan et al. (1994) who measured
consistency of visual assessment of arch height
among clinicians [11]. The probability of a clini-
cian identifying a foot as clearly flat, given that
another clinician had identified it as clearly flat,
had a median probability of 0.57, indicating that
inter-reporter reliability is poor. Hillstrom and
Song described the Center of Pressure Excursion
Index (CPEI) to capture dynamic instability and
successfully were able to differentiate between
rectus and pronated feet [12]. This technique
objectively quantifies the degree of pronation
during gait. The Malleolar Valgus Index (MVI) is
a technique described by Song et al. who utilized
readily available scanning technology to quantify
static stability [13, 14].

Menz et al. (2013) examined the association
of foot posture and pronated foot function with
foot pain in the Framingham Foot Study [15].
Pronation foot function was associated with an
increased likelihood of generalized foot pain in
men. Planus foot posture was also significantly
associated with an increased likelihood of arch
pain in men. They concluded that planus foot
posture and pronated foot function are associated
with foot symptoms and that interventions that
modify foot posture and function may have a role
in the prevention and treatment of foot pain.
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Pathogenesis

A number of factors may contribute to the devel-
opment of a pathological pes valgus. Harris and
Beath examined adult patients and identified that
23% have flatfeet. They subdivided them into
rigid (peroneal spastic), flexible, and flexible
with a short tendoachillis [16]. In evaluating chil-
dren with flexible pes valgus, those born with a
short tendoachillis seemed to be the most prob-
lematic due to the location of the short tendon on
the pronating side of the subtalar joint. Equinus is
one of the most powerful etiologies for the patho-
logical pes valgus.

Compensation for forefoot varus, internal
tibial torsion, metatarsus adductus, knee valgus,
and other deformities can result in rearfoot val-
gus. Assessing the impact of metatarsus adductus
can be done preoperatively with neutral position
x-rays. The talonavicular joint is relocated and
the subtalar joint placed in neutral position. A
dorsal plantar x-ray is taken, and the metatarsus
adductus angle is assessed. This is particularly
important if an Evans calcaneal osteotomy were
planned which would add adduction to the foot
and unmask a compensated metatarsus adductus.

Ligamentous laxity clearly can be a powerful
etiology for a pathological pes valgus. Although
more extreme conditions such as Ehlers-Danlos
or Marfan’s syndrome with generalized ligamen-
tous laxity can demonstrate the most significant
instability, there are ranges of ligamentous lax-
ity short of this that can also create significant
instability. This is important to identify preopera-
tively because these patients require special con-
sideration and do not generally respond as well
to typical sets of procedures. Chen et al. reported
that joint laxity, W-sitting position, obesity,
males, and younger age were associated with a
higher risk of flatfoot in preschool children aged
3-6 years [17].

The increasing prevalence of obesity is another
significant issue. Pourghasem et al. (2016) in a
study of 1158 school children found that body
mass index (BMI) correlated significantly with
flexible flatfoot as measured by contact foot-

prints [18]. Stolzman et al. published a system-
atic review that identified a significant correlation
between pes planus and obesity across 13 cross-
sectional studies [19]. However, due to differ-
ent definitions of pes planus and the different
methodologies in the studies, a direct correlation
among foot pain, pes planus, and obesity could
not be determined. Children who are both obese
and have a painful flatfoot deserve to have good
communication between the foot and ankle sur-
geon and the pediatrician.

Biomechanics

The concept of planal dominance, as illustrated
by Green and Carol, is a simple concept that helps
to explain some aspects of the valgus foot defor-
mity. It is particularly useful for surgical planning.
Compensation for deforming forces occurs per-
pendicular to the axis of motion. When the subtalar
axis is vertical, compensation occurs in the trans-
verse plane with an increased calcaneal cuboid
angle and talonavicular dislocation, whereas a
horizontal subtalar axis would compensate in the
sagittal plane with a lowered calcaneal angle incli-
nation angle, an increased talar declination angle,
and a navicular cuneiform sag. This is an oversim-
plification of what occurs in practice, but can be a
useful way of organizing an approach to the foot.

Evaluation

The interview of the pediatric patient with pes
valgus deformity is usually much more challeng-
ing than that with the adult patient. Having expe-
rienced pain for most of their lives, they may not
be able to adequately articulate the type, nature,
or duration of symptoms. The painful accessory
navicular will usually be an exception. Children
may avoid more vigorous activities because of
symptoms, and this may be a clue in the history.
It is important to listen carefully to the child,
particularly for adolescents, and not only to the
parents.
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Careful attention is paid to identify rigid flat
feet, ligamentous laxity, and medical conditions
that may affect the connective tissues such as
Ehlers-Danlos syndrome, Marfan’s syndrome,
and Down syndrome. Down syndrome can be
associated with severe pes valgus [20]. Examining
patients for general ligamentous laxity should be
a standard part of the examination, as specific
considerations are necessary for addressing this
foot type. The ability of the patient to hyperex-
tend their wrist or elbow or generalized “double
jointedness” can indicate a variation of a liga-
mentous laxity syndrome. Benign hypermobil-
ity syndrome which is associated with elevated
relaxin levels demonstrates a statistically signifi-
cant association with pes planus [21].

Physical examination should include hip
alignment and range of motion, knee alignment,
tibial torsion, malleolar alignment, weightbearing
and non-weightbearing foot postures, and exami-
nation of range of motion of the ankle, rearfoot,
and forefoot joints. The relaxed calcaneal stance
position should be noted along with the degree of
abduction of the forefoot on the rearfoot and the
navicular drop with weightbearing. The flexibil-
ity of the deformity should be evaluated. A rigid
deformity may be associated with a coalition or
a peroneal spastic flatfoot. The Hubscher maneu-
ver or toe test of Jack is useful in this regard [22].
The ability of the patient to balance on one foot
was noted to correlate with the width of footprint
measures [23]. In a flexible flatfoot, tiptoe stand-
ing will generally cause recreation of the medial
arch and inversion of the heels. The diagnosis and
evaluation of coalitions is beyond the scope of
this chapter, but clinical examination and radio-
graphs are usually sufficient to make the diag-
nosis, and the differentiation from the flexible
flatfoot is critical. The calcaneal axial or Harris
Beath views will identify the middle facet coali-
tion. The medial oblique view demonstrates the
calcaneonavicular bar.

The gait examination is critical and should be
documented in the record. This is an opportunity
to look for planes of compensation, the absence
of resupination, and adduction and plantarflexion
of the talar head. From posterior to the heel, there
may be a “too many toes sign,” as in the adult

flatfoot. Early heel off, with midtarsal breech,
should be documented if present. Angular or
rotational deformities will often be visibly worse
during gait.

Examination for equinus is an important part
of the exam and documentation. The Silfverskiold
test can help to determine whether or not equi-
nus is present. The subtalar joint is held in the
neutral position and the foot dorsiflexed on the
leg with the knee extended and then flexed (to
eliminate the effect of the gastrocnemius muscle
that crossed the knee joint) [24]. The patients
who may go on to surgical intervention for ado-
lescent pes valgus deformity may very well have
a short tendoachillis or gastrocnemius equinus.
In addition, intraoperative examination should be
performed after the Evans calcaneal osteotomy
is performed because of the increase in apparent
equinus from plantarflexion of the forefoot on the
rearfoot.

Metatarsus adductus can be observed clini-
cally by holding the foot from the plantar heel
and looking for forefoot adduction. Should sur-
gical intervention with the Evans calcaneal oste-
otomy be considered, a subtalar neutral position
dorsal plantar x-ray can be performed. Because
of the adductory effects of the Evans, its use
should be limited or modified in the presence of
metatarsus adductus. Routine radiographic imag-
ing is not necessary in every patient with pes val-
gus, particularly in younger children. However,
if there is a question about the rigidity of the
foot, then x-rays are necessary. Symptomatic feet
may also benefit from radiographic examination.
On the dorsal plantar x-ray, particular attention
should be paid to the uncovering of the talar head
and the talocalcaneal angle. These, along with the
cuboid abduction angle, indicate transverse plane
compensation. The metatarsus adductus angle
should be noted. On the lateral view, the talar
declination angle and the calcaneal inclination
angle are indicative of sagittal plane compensa-
tion. Meary’s angle (talo-first metatarsal angle)
can be helpful in identifying the apex of defor-
mity. Noting any radiographic navicular cunei-
form fault is helpful to correlate with the clinical
examination and determine whether this joint
needs to be stabilized. A calcaneal axial view can
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be useful in determining frontal plane deformity
of the calcaneus. The long leg axial view can be
used to determine the hind foot alignment. CT
scans are reserved for the rigid flatfoot or when
there are other diagnostic issues.

Conservative Care

Therapy for equinus can include home stretch-
ing, working with a physical therapist, and night
splints. Initially, working with a physical thera-
pist can help to ensure that the therapy gets off
to a good start. Older children need education
to understand the importance of the stretching
and to be properly motivated. Children can keep
their own calendar to motivate them to track their
progress and compliance. Night splints are effec-
tive, but compliance can be difficult. Nonetheless,
when the equinus is compensatory secondary to
the valgus position of the rearfoot, these conser-
vative therapies are particularly worthwhile [25].

It seems reasonable to state that over-the-
counter insoles can be a first step for a mild pes
valgus with symptoms although objective data
is lacking. The more significantly collapsed
foot can be treated with custom orthotics. These
devices will not change the structure of the foot
but may be very helpful in relieving symptoms.
Although there are limitations to the study, the
Cochrane Collaboration review of this topic is
helpful. Their conclusion was that evidence from
the current randomized controlled studies at that
point was too limited to draw definitive conclu-
sions about the use of nonsurgical interventions
for “pediatric pes planus” [26].

Indications for Surgery

The most agreed-upon indication for surgery is
pain that is not relieved by conservative care.
This is often associated with a short tendoachil-
lis. Many children and adolescents will have a pes
valgus foot, but few will require surgery. The use
of over-the-counter inserts or functional orthotics
may bring sufficient pain relief such that surgery
can be avoided.

General indications for surgery can include
pain, deforming forces uncorrectable by conser-
vative care, a painful accessory navicular, severe
deformity, and postural symptoms or proximal
mechanical effects (such as knee valgus) caused
by the foot collapse. Each of these general indica-
tions has qualifiers. In most cases, the preference
should be to give conservative care an attempt
prior to surgical intervention.

Surgical Procedures

The selection of surgical procedures is based on
the apex of the deformity, severity of deformity
and symptoms, bone maturity, chronological and
developmental age, weight, and plane of defor-
mity and compensation, among other factors.

Evans Osteotomy

The Evans calcaneal osteotomy is a very pow-
erful procedure [27]. In fact, its power can lead
to complications. This osteotomy of the anterior
beak of the calcaneus simultaneously lengthens
the lateral column and puts tension on the plan-
tar ligaments. Although it is primarily thought of
as producing correction in the transverse plane,
it also creates sagittal and frontal plane correc-
tion. The talonavicular joint becomes realigned,
and there is dramatic correction of the calcaneo-
cuboid joint and the talocalcaneal angle on the
anterior posterior radiograph. Frontal plane cor-
rection occurs with a slight decrease in overall
subtalar joint motion and a specific decrease in
subtalar joint pronation. Sagittal plane correc-
tion is pronounced with an increase in the cal-
caneal inclination angle due to plantarflexion of
the forefoot on the rearfoot as the plantar fascia
and the long plantar ligament tighten [28]. The
mechanism is adduction and plantarflexion of the
midfoot relative to the hind foot. The cuboid and
navicular move as a unit [29].

The incisional approach can be either oblique
or longitudinal. The oblique incision is performed
within the relaxed skin tension lines and results
in a finer scar. The longitudinal incision paral-
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lels the sural and intermediate dorsal cutaneous
nerves and is less likely to disrupt them. Either
approach is acceptable. The authors’ preference
is for the oblique incision, but care must be taken
to preserve the nerves. The extensor digitorum
brevis is retracted dorsally, and the peroneal
tendons are retracted inferiorly, along with the
sural nerve. Although the calcaneocuboid joint is
identified, it is not opened, which helps to pre-
serve the stability of the joint. The osteotomy
location is identified based upon the need to
avoid the middle facet of the subtalar joint.
Typically, the osteotomy is made 10-15 mm
proximal to the calcaneocuboid joint. This usu-
ally allows for the cut to be made anterior to the
middle facet. If there is any doubt about the loca-
tion of the facet, an intraoperative C-arm view
can be taken with an instrument such as a freer
elevator marking the site of the osteotomy to con-
firm its location. The question of where to make
the bone cut has received much attention, as the
anatomy of the subtalar joint and the location of
the osteotomy can imperil the middle facet [30].
The anterior and middle facets may be contigu-
ous in many cases [31-34]. Canavese et al. per-
formed postoperative CT scan 3D reconstructions
of the calcaneus following the Evans osteotomy
for flatfoot deformity in children. They identified
the following as factors associated with risk of
damage to the articular facets: [1] Bunning and
Barnett’s type B1 and B2 facets [2], osteotomy
performed less than 10 mm or greater than 15 mm
from the calcaneocuboid joint, and [3] incorrect
direction of the osteotomy [35]. This is a good
summary of the primary risk factors.

The osteotomy is made parallel to the calca-
neocuboid joint and perpendicular to the weight-
bearing surface. The Evans procedure has been
described as a through and through cut to create
a full lengthening osteotomy. However, it can
be modified to preserve the medial hinge and
make it a wedge osteotomy. The advantages to
the hinge approach include less chance for dorsal
displacement of the anterior beak and less chance
for overcorrection. The primary disadvantage is
that there is less correction per millimeter width
of the graft. The authors’ preferred technique
is to leave the medial hinge intact allowing for

increased stability of the graft and therefore more
rapid healing. The various shapes of the graft
will determine how much correction occurs.
Rectangular grafts create the most correction,
followed by a truncated wedge with a triangular
graft creating the least correction by shape.

Material choices include allogeneic precut
wedges, wedges that the surgeon cuts from allo-
geneic iliac crest, autogenous bone, and titanium
foam wedges. The precut wedges come with a
convenient instrumentation set of trial sizes and
tamps. The wedges themselves are bi-cortical
(lateral and dorsal surfaces) and may lack the
strength of tri-cortical wedges. The trial sizers
(for both Cotton and Evans osteotomies) can also
be utilized with tri-cortical allogeneic iliac crest
wedges. Because the performance of allogeneic
bone is so good, the authors have not found a need
to utilize autogenous bone [36]. Another alterna-
tive is the use of plates with metallic wedges in
lieu of grafts [37]. The remaining space can be
packed with chips or graft if so desired.

A current area of controversy is whether to
fixate the osteotomy. It appears that elevation
of the anterior beak, when it does occur, may
decrease after the plantar soft tissues elongate
with time [38, 39]. The authors’ personal expe-
rience is that routine fixation is unnecessary.
However, others have found that fixation pre-
vents shifting of the anterior beak of the calca-
neus and possibly less decrease in graft size with
time. There does not appear to be any difference
in union rates between fixated and non-fixated
grafts [40]. The size of the graft plays into this
decision. The primary author’s own tendency is
trending toward utilizing smaller grafts than what
has been utilized through the years. For example,
30 years ago, the grafts used in adolescents might
have been as large as 14—15 mm. Over the years
it has become evident that these grafts are too
large. They create excessive plantarflexion of the
forefoot on the rearfoot, overly supinate the foot,
and are more likely to create anterior beak shift
because of the increased tension on the short and
long plantar ligaments. Because the procedure
can produce such dramatic radiographic effects,
the temptation is to try and achieve full correc-
tion of all elements of the deformity. However,
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as the objective of the procedure is to produce a
controllable foot, this may be unnecessary. More
typically now, the senior author utilizes grafts
for the Evans that are 8-9 mm truncated wedges
or more triangular wedges, understanding that
larger or smaller grafts may be necessary in indi-
vidual circumstances.

Determining the ideal amount of correction
for a patient is based upon realignment of the
talonavicular joint. This can be checked with the
sizers, with or without intraoperative x-ray. The
block of iliac crest allogeneic graft can be shaped
based upon the desired correction in terms of
dimensions and shape.

Once the graft has been shaped, a distractor
can be utilized to open up the area for insertion of
the graft. Alternatively, a smooth lamina spreader
can be utilized. The graft should be placed in its
final position with a bone tamp in order to dis-
tribute the forces of compression more evenly
across the graft. Otherwise, the graft wall can
crack, which can cause collapse of the graft. The
graft should be left slightly proud so that it does
not collapse within the cancellous bone of the
calcaneus.

Radiographic changes with the Evans calca-
neal osteotomy are consistent and reproducible
as has been demonstrated by many authors [28,
41-45]. These radiographic changes occur in
multiple planes but are most noticeable in the
transverse plane.

Complications can include an increase in
forefoot pressures and calcaneocuboid pressures
[30, 46—49]. Utilizing grafts just large enough for
structural correction can reduce the frequency of
these complications.

Z-Osteotomy

The Z-osteotomy can be useful for both shifting
the valgus hind foot and lengthening the lateral
column. The procedure as described by Weil
involves more dissection than either the Evans
or the medial calcaneal slide individually, but
many authors have found it a reliable technique
for reconstruction of the foot [50]. Xu et al.
combined the Z-osteotomy with arthroereisis in

adolescent pes valgus deformity [51]. Subtalar
contact characteristics are affected in a manner
similar to the Evans [52].

A 5 cm incision is made on the lateral side of
the calcaneus with care taken to identify the sural
nerve. This osteotomy usually requires mobiliza-
tion of the peroneal tendons for visualization of
the lateral calcaneus. The calcaneocuboid joint is
identified, and the dorsal cut of the osteotomy is
made approximately 1.5 cm proximal to the cal-
caneocuboid joint. The transverse arm of approx-
imately 2.0 cm in length is directed posteriorly,
and finally the inferior arm is cut. Trial sizers can
be used to determine the amount of lengthening
necessary [53].

Medial Calcaneal Slide/
Koutsogiannis

The  “slide” osteotomy, described by
Koutsogiannis, is a through and through osteot-
omy through the posterior calcaneus. It shifts the
tendoachillis from the pronating side of the sub-
talar axis to the supination side of the axis. This
procedure is based on that simple principle, but
it is very effective (Figs. 10.1, 10.2, 10.3, 10.4,
10.5, 10.6, and 10.7). It is particularly suited
to the compensatory metatarsus adductus foot
where an Evans calcaneal osteotomy may adduct
the foot too much. It also works well as a com-
bination procedure with the Evans (Figs. 10.8,
10.9, 10.10, 10.11, 10.12, 10.13, and 10.14). It
has gained particular popularity for the adult
flatfoot.

The technical execution of the procedure
begins with a lateral curvilinear incision poste-
rior to the peroneal tendons. Care should be taken
to avoid the sural nerve and to achieve hemosta-
sis as the dissection is carried down through the
superficial fascia. An incision to the bone through
the periosteum is then performed. If fixation will
be achieved through posterior to anterior screws,
then the periosteal dissection will be minimal.
Care should be taken regarding patients with
an open apophysis. If one of the lateral plate
systems will be used, then more dissection is
performed with a key elevator. The peroneal
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Fig. 10.3 The osteotomy is made perpendicular to the
bone and parallel to the posterior facet

Fig. 10.1 Medial calcaneal slide osteotomy. Key elevator
is used to shift the periosteum for plate application. Note
outline for Evans osteotomy incision and tuberosity of the
fifth metatarsal. Both incisions should be drawn prior to
execution in order to ensure a skin bridge is maintained
between the two osteotomies

Fig. 10.4 An osteotome can be used to gently finish the
osteotomy and to distract the soft tissues to make mobili-
zation of the osteotomy easier

Fig. 10.2 Crego elevators can be used superiorly and
inferiorly to protect the tarsal tunnel contents. These must
be removed prior to the shift of the osteotomy

Fig. 10.5 The posterior calcaneus is shifted about 1 cm
medially



10 Pediatric Flexible Pes Valgus Deformity

Fig. 10.6 Temporary fixation is applied utilizing a
K-wire. In the technique here, a plate is applied and a
locking screw applied followed by an inter-fragmentary
screw directed toward the sustentaculum tali. Note the
angle of the drill for the sustentaculum screw

[

Fig. 10.7 Insertion of second (sustentaculum) screw.
C-arm is used to check position

Fig. 10.8 Oblique incision for the Evans osteotomy
placed within the relaxed skin tension lines

Fig. 10.9 Evans osteotomy incision through the extensor
digitorum muscle belly

Fig. 10.10 Exposed calcaneus with inferior thin Crego
retractor protecting the peroneal tendons and sural nerve
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Fig. 10.12 Using a sizer to estimate the required bone
graft

Fig. 10.13 Cutting an Evans bone graft wedge from a
freeze-dried iliac crest graft

Fig. 10.14 Utilization of a smooth lamina spreader and
tamp to apply the bone graft to Evans osteotomy site

tendons are retracted anteriorly and should not
be invaded by the approach. An intraoperative
x-ray can be performed to confirm the location
and direction of the osteotomy. This helps to pre-
vent the osteotomy from being performed too
proximal or less commonly, more distal, which
could threaten the posterior facet of the subtalar
joint. Crego elevators can be used to protect the
superior and inferior sides of the osteotomy. The
osteotomy is performed with power instrumenta-
tion. Any incomplete areas can be checked with
an osteotome. The osteotomy will not shift until
the Crego elevators have been removed. The shift
is usually performed about 6-10 mm, temporar-
ily fixated with a pin, and then the position is
checked with an intraoperative x-ray, including
a calcaneal axial and lateral view. Care should be
taken to ensure that the posterior portion of the
calcaneus does not displace superiorly.

Final fixation can be achieved in a variety of
ways. The calcaneus heals quite well, so it is not
clear that one technique will have any advantage
over another in terms of bone healing. One or two
(vertically stacked) screws can be inserted from
posterior to anterior. The authors’ preference is
for larger (6.5 mm) headless cannulated screws
although smaller screws or headed screws, well
countersunk, can also be used. It is important
that the screw heads should not be prominent in
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order to avoid the necessity of screw removal.
However, should future reconstruction be neces-
sary through the calcaneus, headless screws can
be difficult to locate. Lateral plating can be per-
formed with a variety of systems. One preferable
system utilizes a locking screw directed through
the plate perpendicular to the calcaneus with a
second lag screw directed toward the sustentacu-
lum tali. Intraoperative x-rays confirm both the
final position and fixation.

If the lateral side of the calcaneus is prominent
after the shift, it can be tamped down flat. Good
closure of the superficial fascia is critical to cover
a lateral plate and to promote good scar mobility.

The osteotomy has produced good improve-
ment in symptomatic relief of patients with pain-
ful pes valgus [54-56].

Cotton Osteotomy

The Cotton osteotomy is an opening wedge plan-
tarflexory osteotomy of the medial cuneiform.
It is best indicated for structural elevation of the
first ray. It does not address hypermobility at
the navicular cuneiform joint or first metatarsal
cuneiform joint, two areas that are frequently
responsible for medial column elevation and
insufficiency (Figs. 10.15, 10.16, 10.17, 10.18,
and 10.19). Nonetheless, the procedure is popular

Fig. 10.15 Skin incision for a Cotton osteotomy

Fig.10.16 Osteotome placement after saw cut to feather
plantarly and wedge open the osteotomy

Fig. 10.17 Sizer placement for the Cotton osteotomy

because it is effective at creating structural plan-
tarflexion, is technically simple, and is relatively
quick.

The procedure relies on an understanding of
the location of the proximal and distal joints of
the medial cuneiform to avoid destabilizing those
joints with dissection. Intraoperative x-ray can
be used to check these as well as with range of
motion for the first metatarsal cuneiform joint,
in particular. The incision is centered over the
medial cuneiform, parallel to the extensor hallucis
longus (EHL) tendon, and carried down through
the superficial fascia. The EHL must be properly
protected so that the saw does not cut it during
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Fig. 10.18 Weinraub retractor opens the osteotomy to
allow the placement of the graft

Fig. 10.19 Placement of the graft in the Cotton
osteotomy

the osteotomy. Once the joint locations are con-
firmed, the periosteal incision can be performed
transversely in the same direction as the osteot-
omy. The osteotomy is typically performed at the
area of the distal two-thirds of the cuneiform. It is
executed with a power saw and checked with an
osteotome. The objective is to leave the plantar
hinge intact, although if it cracks it is unlikely
to displace. On the other hand, if the osteotomy
is pried open before the plantar cortex is suffi-
ciently thinned, it may cause the propagation of
an intra-articular fracture line into the first meta-
tarsal cuneiform joint. Once the osteotomy is suf-
ficiently free, sizers can be used to check for the
appropriate graft. Typically, a graft of 4-6 mm is
adequate for correction, but certainly this varies
depending on the size of the foot and the amount
of deformity. Generally, fixation is not necessary,
but should there be a need, small plates can be
applied. Care should be taken not to excessively
plantarflex the first ray in order to avoid a painful
tibial sesamoiditis.

Medial Arch Suspension

Young, in 1939, first described the procedure of
using a transfer of the tibialis anterior through
a slot in the navicular, along with a tendoachil-
lis lengthening. Young felt that the creation of
the plantar ligament below the navicular cunei-
form joint helped to reinforce the action of
tibialis posterior. McGlamry and Beck modi-
fied the procedure by adding a transfer of the
flexor digitorum longus, plication of the spring
ligament, and other modifications [57]. For the
decade of the 1970s, the medial arch suspen-
sion was the mainstay of flatfoot reconstruction.
Although there was no fundamental structural
reconstruction with the procedure, patients did
surprisingly well. Looking at a group of Dr.
E. Dalton McGlamry’s patients in 1983, it was
found that the subjective sense of improvement
was the same in groups of patients who only
had the medial arch suspension as compared to
those patients who had both the Evans calca-
neal osteotomy and the medial arch suspension,
although those with structural correction had
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significantly improved radiographic findings.
The principle behind the procedure is to remove
the influence of the tibialis anterior on dorsiflex-
ion of the first ray while effectively increasing
the power of the peroneus longus to plantarflex
the first ray. The procedure relies on a keyhole
slot in the navicular to slide the tibialis anterior
into place. The insertion into the first metatarsal
cuneiform joint is left intact, but the functional
insertion becomes the dorsal portion of the
navicular. The tendon creates a plantar ligament
between the navicular cuneiform joints, which
helps to stabilize an area that is typically hyper-
mobile. Shortening of the thick spring ligament
is a powerful adjunct to the procedure.

Although the procedure is ideal for hypermo-
bility of the medial column in conjunction with
either an Evans calcaneal osteotomy or a calca-
neal slide osteotomy, it is much less commonly
performed now than the Cotton medial cunei-
form osteotomy for addressing medial column
issues. Typically, the medial arch suspension is
more time consuming, requires more dissection,
and is more technique dependent than the rela-
tively simple Cotton osteotomy.

The Kidner procedure is not truly an effec-
tive procedure for the adolescent pes valgus
deformity, but it does have a place in the patient
with a painful accessory navicular. In those situa-
tions, if the patient is not responsive to conserva-
tive care, then surgical removal of the accessory
bone, remodeling of the navicular as necessary,
and advancement of the tibialis posterior are
effective. After the loss of the accessory navicu-
lar, it is important to reattach the portion of the
posterior tibialis tendon that had inserted in the
accessory bone into the plantar medial portion of
the navicular.

Sequencing

When combining procedures, the sequence can be
an important element to make the procedure tech-
nically simpler. The authors prefer to perform the
equinus lengthening first to avoid putting pres-
sure on grafts or osteotomies later. The need for
equinus release can be determined by placing the

subtalar joint in the expected position of correc-
tion and then performing the Silfverskiold test.

When performing a double calcaneal osteot-
omy, the incisions should be mapped out in order
to ensure that there is an adequate skin bridge
between the two osteotomies. The posterior cal-
caneal slide osteotomy is typically performed
first including fixation after confirming position
on x-ray. Next, the dissection for the Evans oste-
otomy is performed through an oblique incision.
The osteotomy is made taking care to preserve
the middle facet and using sizers to determine
the size of the graft needed. If the sizers are not
available, then the osteotomy is opened and a
ruler is used to measure the size of the gap when
the talar head is covered by the navicular. At this
point, with the subtalar joint placed in neutral
position and the foot loaded, the medial column
position is evaluated. If there is structural eleva-
tion of the medial column, then dissection pro-
ceeds for the Cotton osteotomy. The graft size
is again determined by sizers, examining the
medial column position with various sizes of
wedges. The graft is then inserted.

If navicular cuneiform instability is present,
then either a medial arch suspension or navicu-
lar cuneiform arthrodesis is performed. It is not
possible to manipulate the foot adequately for a
medial arch suspension once the Evans graft has
been inserted. Therefore, if either of those proce-
dures is necessary, they are performed before the
final Evans graft positioning.

Other Osteotomies

The triple C osteotomy was described by Rathjen
and Mubarak in 1998 consisting of sliding and
medial closing wedge osteotomies of the poste-
rior calcaneus, medial cuneiform osteotomy with
a plantar-based closing wedge osteotomy, and
an opening wedge osteotomy of the cuboid [58].
Moraleda et al.’s study compared the combination
to the Evans procedure and determined somewhat
higher complications with the Evans and some-
what less correction with the triple-C [59].

A Dwyer opening wedge osteotomy can be
utilized to correct frontal plane heel valgus [60].
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Arthroereisis

For the pes valgus deformity that is truly flex-
ible, arthroereisis is a viable option to restrict
abnormal subtalar motion. The commonly held
theory is that the subtalar implant blocks abnor-
mal motion of the talus, allowing inversion while
preventing excessive eversion [61]. Several stud-
ies have demonstrated improvement in plantar
pressure distribution after this procedure in the
pediatric population [61]. Radiographic improve-
ment has also been seen in the pediatric and
adult populations [62] [63, 64]. Arthroereisis is
generally held to have a low complication rate
and is less invasive than other techniques. Many
types of devices have been utilized as implants.
Currently arthroereisis devices fall into five main
material categories: stainless steel, titanium,
polyethylene, combined construction, or biore-
sorbable [64]. These are often available in a set
that contains sizers and insertional tools specific
for the device.

Types of devices were classified by Vogler
[65] and can be described as self-locking wedges
where the surfaces of the talus and calcaneus are
separated by a block of material. The axis of the
subtalar joint is not restricted in these devices.
The second type of device is an axis-altering
device such as the STA-peg device that redirects
the subtalar axis. This device goes back to 1975
when Smith and Miller described the device.
Lundeen (1985) did a follow-up study on patients
with these devices and identified that navicular
cuneiform instability could result in recurrence
[66]. Oloff et al. reported on the complications
(1987) [67]. In addition, untreated equinus was
identified as a possible source of recurrence. The
third type, direct impaction devices, impinges on
the anterior margin of the talus to restrict prona-
tion past the desired range. A newer device, the
extraosseous talotarsal stabilization device, occu-
pies both the sinus tarsi and the tarsal canal with a
threaded device that obtains an interference grip
in the anteroposterior direction and is “unlikely
to be constantly bearing body weight” according
to Bali et al. in 2013 and has been demonstrated
to decrease peak pressures over the entire foot
[68, 69].

Surgical Technique

The patient is placed supine, although if adjunct
procedures are planned a small bump may be
placed under the hip for external rotation. A
27-gauge needle is used to identify the sinus tarsi
from the lateral aspect, approximately 1 cm ante-
rior and inferior from the tip of the lateral mal-
leolus. Once identified, a small 1.5 cm incision is
made over the sinus tarsi, following relaxed skin
tension lines. This incision should avoid both the
sural nerve and the intermediate dorsal cutaneous
nerve. Using a mosquito hemostat, blunt dissec-
tion is performed through the subcutaneous tissue
and deep fascia. The cannula rod for the implant
sizer is then placed into and across the sinus tarsi.
Tenting of the medial skin may be noted as a sign
that the rod has passed the entire distance. Some
arthroereisis sets have a dilation device to allow
for stretching of the sinus tarsi, which is placed
over the cannula rod and inserted into the sinus
tarsi with gentle twisting. The sizers are then tri-
aled, with examination of subtalar eversion with
each sizer and intraoperative dorsoplantar and
lateral radiographs taken to ensure correct posi-
tioning. The correct sizer will limit eversion to
2—4 degrees, and on radiograph the medial edge
will sit at the midline of the talus. Once the cor-
rect size is determined, the sizer is removed and
the corresponding sized implant is placed over
the cannula rod. A driver is used to insert it into
the sinus tarsi, and intraoperative radiographs are
used to check the positioning of the device. After
removal of the driver and rod, the area is irri-
gated, and deep closure is performed of the fas-
cia, followed by superficial closure. The patient
is placed in a compressive dressing and posterior
splint for 1 week and is allowed to weight bear as
tolerated after the procedure.

Complications

Arthroereisis carries specific risks, including
sinus tarsi pain, implant extrusion and possible
need for device removal, and over- or under
correction. Complications such as synovitis
and peroneal spasm have also been reported
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[63]. Continued or worsened pain can occur
if the implant chosen is too small or too large.
However, the implant placement is generally
reversible, allowing for correction of this type of
complication [70].

Equinus

The conventional wisdom is to perform a posterior
group lengthening along with the vast majority of
flatfoot procedures. Typically, these are gastroc-
nemius recessions for those with exclusive gas-
trocnemius tightness or tendoachillis lengthening
for gastroc soleus equinus. Pes valgus deformity
is closely linked with equinus. In some cases, the
equinus may be corrected with stretching exer-
cises; in others surgical treatment is necessary.
The Silfverskiold test is typically performed to
make this distinction. There certainly is a seg-
ment of the adolescent flatfoot population that
has tendoachillis shortening as the primary etiol-
ogy. For those patients, lengthening is mandatory
or the reconstructive procedures will fail. There
are a number of patients in whom the equinus
may be more secondary, as a result of the heel
valgus position creating shortening over time. In
adolescents, if the equinus is more marginal, I try
to avoid the lengthening in order to avoid weak-
ening the posterior group (Fig. 10.20). Some of
these children at least can be effectively stretched
out postoperatively.

Fig. 10.20 An open frontal plane lengthening of the
tendoachillis

If a Silfverskiold test reveals pure gastrocne-
mius equinus, an isolated gastrocnemius reces-
sion is indicated. If a gastrosoleal equinus is
discovered, a tendo-Achilles lengthening (TAL)
may be considered [71]. The TAL may be per-
formed open or percutaneously. Similarly, a gas-
trocnemius recession may be performed open
or endoscopic. Vulpius described a chevron cut
through the gastrocnemius tendon and addition-
ally incised the deep raphe of the soleus. Strayer
described a transverse incision along the gastroc-
nemius tendon, just proximal to the aponeurosis,
and sutured the tendon in its new lengthened
position. The Baker variation to the Vulpius pro-
cedure, described below, uses a tongue-shaped
incision in the tendon for lengthening [25].

Technique

The patient is placed prone or in the frog-leg posi-
tion, depending on adjunct procedures. A 4 cm
incision is made just medial to the posterior mid-
line, at the level of the gastrocnemius-soleus mus-
culotendinous junction, which can be palpated.
The aponeurosis is identified, and care is taken
to identify both lateral and medial borders before
incisions are made. An incision is made through
the paratenon longitudinally. With the ankle held
in a neutral position, an incision is made from
one-third of the width of the aponeurosis medi-
ally to the most medial edge, without cutting into
the soleus muscle fibers, which lie deep. Next an
incision is made of the lateral one-third of the
aponeurosis in a similar fashion, watching for the
sural nerve, which should be retracted. The final
incision is then made approximately 2 cm distal
to the two already made, in the middle one-third
of the aponeurosis. The ankle is then dorsiflexed
maximally, with the knee extended, to allow for
the recession of the cut aponeurosis. If it does not
lengthen, the incisions are reassessed to ensure
all fibers have been cut. If further intervention
is required, the median raphe of the soleus may
be identified and cut. With the equinus properly
resolved, the wound is irrigated, and closure of
the paratenon and deep fascia is performed. A
layered skin closure is performed, and a dressing
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of gauze and transparent adhesive is applied. For
an isolated procedure, patients are kept immo-
bilized for 4 weeks and are then transitioned to
physical therapy and regular shoe gear.

For an endoscopic recession, the patient is
placed supine, and a 1.5 cm incision is made
posteromedially at the gastrosoleal junction.
A cannula with a blunt trochar is inserted into
the incision after dissection to the paratenon.
The trochar is passed through laterally until the
lateral skin is tented. Depending on the type of
device used, a lateral incision may be necessary.
The trochar is then removed. The slotted aspect
of the cannula is swiveled to face the gastroc-
nemius aponeurosis. The endoscopic camera
is placed into the cannula if the blade can be
mounted on the camera, from the medial side,
if not from the lateral side. The aponeurosis is
visualized to ensure no other structures will be
in danger of transection. With the ankle dorsi-
flexed, the hook blade is used (from medial,
either attached to the camera or viewed with
the camera via the lateral portal) to transect the
gastrocnemius aponeurosis. The blade and cam-
era are removed, and the ankle is again dorsi-
flexed to check adequate correction. The cannula
is removed, and the skin is closed with simple
sutures and dressed. Weightbearing is allowed
postoperatively in a CAM boot with active and
passive ankle range of motion daily.

For patients requiring a tendo-Achilles
lengthening, Hoke described a triple hemisec-
tion of the Achilles, which has been adapted to
a percutaneous method. Three stab incisions are
marked out over the Achilles tendon — the most
distal at the lateral one-third, the central at the
medial one-third, and the most proximal at the
lateral one-third. The distal incision is marked
approximately 3 cm from the calcaneal inser-
tion, with the central 6 cm from the insertion,
and the proximal 11 cm from the insertion. A
number 15 blade is used to create a longitudi-
nal stab at the distal mark, and once the blade
is advanced through the tendon, it is rotated 90
degrees so the cutting edge is lateral. In this
fashion the lateral one-third of the tendon is

transected. Care is taken to remove the blade
from the skin in the same way it entered. This is
repeated at the central mark, where the medial
one-third of the Achilles tendon is transected.
Finally, at the proximal mark, the lateral one-
third of the tendon is transected. At this point
the ankle is dorsiflexed and a release of the
Achilles tendon should be felt. The incisions
are irrigated and closed with simple sutures, and
the sites are dressed. For an isolated procedure,
the ankle is casted or splinted at a neutral 90
degrees of dorsiflexion, and the patient is kept
non-weightbearing for 3—4 weeks.

Complications

Complications of all the above procedures
include over-lengthening and rupture of either the
gastrocnemius or Achilles tendon. Conversely,
insufficient correction can also be a concern.
Sural neuritis may also occur, particularly in
gastrocnemius recessions as the sural nerve lies
quite close to the surgical area. Adhesions of the
gastrocnemius to the soleus, or of the Achilles
tendon after an open procedure, have also been
reported [25, 71]. Infection, postoperative muscle
weakness, and recurrence of equinus have also
been observed [72].

Arthrodesis

In the adolescent flexible flatfoot, arthrodesis
has a more limited but still important role. In
particular, in cases of hypermobility of the
navicular cuneiform joint, fusion may be nec-
essary. Failure to stabilize that joint will result
in compensation through the medial column.
Arthrodesis is indicated in some neuromuscu-
lar deformities [73]. Indications would include
patients with ligamentous laxity such as Ehlers-
Danlos syndrome. Generally, this would be
performed in somewhat older adolescents.
Degenerative joint disease would be another
indication for fusion of a joint.
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The navicular cuneiform fusion is particu-
larly useful for patients with hypermobility at
that joint. Failure to address hypermobility in
that location will result in continued compensa-
tion, even when stabilization in the rearfoot has
been achieved. Isolated fusion of the medial joint
alone may be adequate in most cases, whereas
fusion of all three joints may be performed in the
event of more severe deformity or degenerative
joint disease.

Fusion of the naviculocuneiform joint is
critical when there is instability that cannot be
addressed by a soft tissue procedure. The Cotton
osteotomy does not create naviculocuneiform
stability. The medial arch suspension does cre-
ate stability at the naviculocuneiform joint,
although not the rigidity that the arthrodesis cre-
ates. Nonetheless, it is important to remember
that the goal of surgery is to create a pain-free,
controllable foot, not necessarily one that looks
perfect cosmetically or on radiographs. As with
all arthrodesis procedures, the key elements are
removal of all cartilage, correction of deformity,
and stabilization until bone healing occurs. Screw
or plate fixation can be used effectively here.

Midtarsal fusions and talonavicular fusions
achieve significant correction but at the expense
of loss of motion and adaptability of the foot.
Nonetheless, there are patients in whom this type
of correction is necessary.

Compensated Metatarsus Adductus

Demographics

The term metatarsus adductus describes a major
feature of a group of pedal disorders. Focusing on
isolated metatarsus adductus, which is reported
to occur in 1 per 1000 live births, the deformity is
characterized by adducted metatarsals in a single
plane. Compensated metatarsus adductus occurs
when the rearfoot pronates in response, in some
cases creating an almost normal-appearing foot.
There are differing theories on the root cause of
metatarsus adductus. Some feel that increased
intrauterine pressure causes the deformity,

favored by the spontaneous resolution of many
cases and the higher incidence in first-born chil-
dren. Others believe that intrinsic causes such as
muscle-tendon imbalances and soft tissue con-
tractures lead to the deformity [74]. Abnormal
positioning or growth of the medial cuneiform
can also be a contributing factor.

Indications for Surgical Treatment

Given that the majority of metatarsus adduc-
tus cases will spontaneously resolve, there is
some controversy regarding when to treat this
condition. However, there is a great lack in data
regarding how often this resolution occurs, and
there is a general consensus that earlier treat-
ment leads to better outcomes. Therefore, treat-
ment is indicated in most cases, especially when
seen early.

While most cases of metatarsus adductus
can be resolved with conservative measures,
there are those that require surgical interven-
tion. Without correction, metatarsus adductus
can lead to other foot deformities such as hal-
lux valgus, contracted digits, and skewfoot [74].
Stretching, casting, and bracing are often suc-
cessful, but for children where these have failed
or for children older than 2 years of age, surgery
may be indicated. For younger patients, soft tis-
sue procedures are often attempted first, prior to
osseous procedures that are more often used for
adolescents and adults.

Summary

There are several surgical approaches that are suc-
cessful in the pediatric flatfoot. The patient with
the short tendoachillis will require lengthening.
Multiple planes of stability must be achieved in
the rearfoot and in the medial column. The goal
of surgical correction is pain reduction and a con-
trollable foot with reduction of deforming forces
(Figs. 10.21, 10.22,10.23, and 10.24). Approaches
should be used that best balance the need for con-
trol of excess pronation with maintaining some
flexibility and adaptability of the foot.
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Fig.10.21 DP
preoperative radiograph.
Significant deformity
with increased
talocalcaneal, talo-first
metatarsal, and
calcaneocuboid angles

Fig. 10.22 Lateral preoperative radiograph. Significant
deformity with decreased calcaneal inclination angle,
increased talar declination angle, and an anterior break in
the cyma line
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Fig. 10.23 Six-week
postoperative DP and
medial oblique
radiographs. Procedures
include an Evans
osteotomy, medial
calcaneal slide
osteotomy, and Cotton
osteotomy. Good joint
realignment is noted

Fig. 10.24 Six-week postoperative lateral radiograph.
Good deformity reduction and joint realignment is appre-
ciated as well as healing of the osteotomy and graft sites
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and Pes Planovalgus

Craig A. Camasta and Timothy A. Graeser

Introduction/Etiology

Many aspects of tarsal coalitions, as well as the
pediatric pes planovalgus deformity, have been
previously addressed in the literature including
the etiology, clinical presentation, diagnostic
imaging, as well as conservative and surgical
treatment. The authors believe that a large number
of patients encountered fall somewhere between
the flexible deformity (collapsing pes planoval-
gus) with no arthritic changes and the pes pla-
novalgus deformity secondary to frank osseous
coalition. For clarity, we will refer to this patient
as falling into the “gray zone.” Patients may pres-
ent with a symptomatic, arthritic, non-coalesced
foot or symptomatic incomplete osseous coali-
tion. Patients may present with peroneal spasm
from an etiology other than tarsal coalition, or
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conversely, they may demonstrate asymptomatic
coalition with a rectus foot type.

There are several proposed theories related
to the etiology of tarsal coalitions. Of these, the
most widely accepted is LeBouq’s theory of fail-
ure of differentiation of embryonic mesenchy-
mal tissue believed to be a heritable autosomal
dominant defect or an insult sustained in the first
trimester of pregnancy [1, 2]. On the other hand,
Pfitzner believed that coalitions occurred from
ossification of accessory bones into the adjacent
tarsal bones [3]. When Harris found evidence of
tarsal coalitions in fetuses, it seemed to disprove
Pfitzner’s theory [4]. There have been reports
of accessory bones mimicking tarsal coalitions,
even though they are not incorporated into the
adjacent bones [5]. Less commonly, coalitions
can be acquired from arthritis, infection, neo-
plasm, or trauma [1].

The incidence of coalition has been reported
from 0.04% to as high as 14.54%, although
authors’ experience would be in line with an inci-
dence of around 1% of the general population [1,
6]. It is bilateral 50—-80% of the time [1, 7]. There
does not appear to be a sex predilection of tarsal
coalitions, which is consistent with an autosomal
dominant inheritance theory. Calcaneonavicular
(CN) and talocalcaneal (TC) coalitions make up
90% of coalitions.

Patients with a CN coalition generally present
at age 8 to 12, while patients with a TC coali-
tion present around age 12-16 [1]. Although the
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majority of TC coalitions occur in the middle
facet, posterior and anterior facet coalitions have
also been reported [8, 9]. In this paper, TC coali-
tions will refer to the coalition specifically of the
middle facet of the STJ. It has also been reported
that concomitant TN and TC coalitions can occur
in the same foot [10]. A talonavicular coalition is
the third most common coalition, with less than
50 cases reported in the literature [1]. Although
extremely rare, instances of naviculocuboid
coalition have also been reported [67, 68].

Flexible Pediatric Pes Planovalgus
Deformity

Clinical Examination

While the clinical presentation and diagnostic
imaging findings of the osseous TC coalition have
been discussed, the more commonly encountered
deformity is the collapsing pes planovalgus foot
type, which remains flexible and is free of any
arthritic changes. These two conditions differ
dramatically with regard to clinical and radio-
graphic findings. Collapsing pes planovalgus
patients rarely complain of “ankle pain,” as seen
in children with coalitions, and more commonly
complain of pain along the medial longitudinal
arch and sinus tarsi.

In stance phase of the gait cycle, the flexible
pes planovalgus foot may appear similar to the
coalesced pes planovalgus. Both may have a val-
gus heel position, abducted forefoot, collapse of
the medial longitudinal arch, and a floating heel
secondary to equinus. In open kinetics, how-
ever, the flexible pes planovalgus foot presents
much differently. There is generally normal to
increased motion in the hindfoot joints, as well as
hypermobility in the medial column. These feet
readily circumduct with active range of motion,
unlike the rigid coalition foot (Video 11.1). The
“step-forward” Hubscher maneuver, if performed
as mentioned above, recreates the medial longitu-
dinal arch through the windlass mechanism and
confirms that the foot is flexibly reducible and
not a rigid coalition foot type (Fig. 11.12). The
ability to reduce the severe pes planovalgus foot

in stance examination however does not indi-
cate that this foot will be sufficiently corrected
with joint-preserving surgical procedures. In the
authors’ experience, the severe pes planovalgus
foot, especially in the obese adolescent patient,
often requires a combination of arthrodesis pro-
cedures (single to multilevel) in combination
with adjunctive joint-sparing corrective proce-
dures to adequately correct the deformity.

Standard Radiographic Examination

Radiographically, the same parameters can be
assessed in both the flexible pes planovalgus
and coalition flatfoot patients. Among the abnor-
malities seen include decreased TN congruity,
increased cuboid abduction angle, increased talar
declination, and decreased calcaneal inclina-
tion angles on the weight-bearing DP and lateral
radiographs, similar to the coalition foot. The
difference resides in the absence of the signs of
coalition, such as the “halo” sign, talar beaking,
broadening of the lateral talar process, and other
radiographic findings suggestive of coalition.

Pes Planovalgus Secondary
to Osseous Talocalcaneal Coalition

Clinical Examination

The patient with a frank osseous coalition com-
monly presents with a rigid pes planovalgus foot
type, with or without peroneal spasm. This con-
dition generally starts as a painless decrease in
the range of motion of a joint and progresses to
a symptomatic rigid deformity. Patients often
complain of “ankle pain” that is aggravated with
activity or have a history of recent or recurrent
ankle sprains [7]. Talocalcaneal (TC) coalitions
usually become symptomatic around the ages of
12-16, which correlates with the time they begin
to ossify [11]. Since the absence of inflamma-
tory cells has been reported in histopathologi-
cal studies, it is believed that pain is secondary
to mechanical stress arising from the periosteum
surrounding the ossifying coalition [12, 13].
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Occasionally, coalition patients do not have the
commonly associated pes planovalgus foot type,
making the diagnosis more difficult [14].

On clinical examination patients generally
have a mild to deep pain within the subtalar joint
with limitation of passive range of motion of this
joint. During open kinetic chain examination,
these patients have a valgus position of the rear-
foot, as well as an equinus position at the level of
the ankle, forefoot pronation, and loss of medial
longitudinal arch height. If the coalition is uni-
lateral, this position is easily observed relative to
the contralateral limb [11] (Fig. 11.1). Bilateral
coalitions can also present in a similar fashion;
however, when both feet are involved, the defor-
mity is not so obvious. Circumduction of the feet
will not be possible in the coalesced foot but is
easily accomplished in the uninvolved side.

Pes Planovalgus with Peroneal Spasm

On occasion, a patient will present with a pero-
neal spasm on the affected side. Spasm occurs
from a biomechanical “splinting” of the STJ,
effectively reducing the pressure of this joint
[15]. The result is secondary adaptive shorten-
ing of the peroneal musculature in response to
heel valgus. Electromyography (EMG) studies
have shown spasticity of the peroneus longus
muscle in patients with a coalition, as well as

R

Fig. 11.1 Unilateral right foot coalition with peroneal
spasm in resting position of dorsiflexion and eversion.
Note the appearance of the non-involved left foot, which
gravity-rests in plantarflexion

the soleus and gastrocnemius muscles [16]. The
“triad” of peroneal spastic pes planovalgus has
been reported as spasms of the peroneal muscles,
painful pes planovalgus deformity, and a tar-
sal coalition [17]. It is important to remember
that although peroneal spasm most commonly
occurs in association with a tarsal coalition, it is
not pathognomonic and it does occur in the non-
coalesced foot [14]. A pes planovalgus deformity
without coalition can lead to peroneal spasm,
especially after degenerative joint changes have
developed. Rare causes of peroneal spasm have
also been reported to include talar osteochon-
dral lesions, rheumatoid arthritis, a slipped upper
femoral epiphysis, dysplasia epiphysealis hemi-
melica (Trevor disease), tuberculosis of the talus,
and many others [15, 18-24]. Any circumstance
that might restrict movement around the ankle or
STJ, as well as any cause of pain in these areas,
can lead to peroneal spasm [15]. In these cases, a
common peroneal nerve block may be a benefi-
cial diagnostic modality. A rigid foot secondary
to peroneal spasm may become flexible follow-
ing a nerve block, leading the clinician to exclude
an osseous coalition from the differential diagno-
ses [15].

During stance examination, it is often dif-
ficult to distinguish the coalition foot from the
flexible collapsing pes planovalgus foot. Both
may demonstrate varying degrees of heel val-
gus with an abducted forefoot. They may have
a floating heel if an equinus component is pres-
ent (Fig. 11.2a). Several tests can be employed
to assess the mobility of the rearfoot. A toe-raise
test can be performed, where the patient is asked
to rise on the toes of both feet simultaneously.
In a flexible foot, the heel will invert and reduce
because the equinus component is negated,
allowing the extrinsic musculature to realign the
foot (Fig. 11.2b). In the coalition foot, the heel
remains everted or vertical due to the rigid nature
of the condition (Fig. 11.3). Another test to iden-
tify coalition is the “heel-tip test.” In a flexible
foot, the patient attempts to actively raise the
medial border of the foot. This would result in
supination of the subtalar joint and subsequently
internal rotation of the tibia and external rota-
tion of the patella. In a coalition foot, raising the
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Fig. 11.2 Equinus-compensated pes valgus with floating
heel (a). Reduction of pes valgus with toe-raise test (b),
demonstrating arch reduction and heel inversion, indicat-

Fig. 11.3 Rigid pes valgus of the right foot secondary to
a tarsal coalition, which fails to reduce the deformity with
the toe-raise test. Note comparison to the left foot, which
demonstrates normal heel inversion with toe-raise test

medial border of the foot fails to externally rotate
the patella because of the loss of motion of the
subtalar joint [7].

The Hubscher maneuver is also an effective
way to examine the flexibility and reducibility
of a pes planovalgus deformity, when performed
correctly. In stance, the hallux is manually dorsi-
flexed and the leg externally rotated, which will
demonstrate a restored arch in the flexible/reduc-
ible foot, via windlass loading of the plantar fas-
cia. Conversely, this maneuver will fail to restore
the arch in a rigid/coalesced foot. Radiographic
assessment of this maneuver is also useful from

ing a reducible deformity secondary to primary equinus
contracture

a diagnostic and surgical planning standpoint.
However, this maneuver may fail to demon-
strate arch restoration in flexible patients who
have significant concomitant equinus contrac-
ture. Equinus contracture precludes the ability to
reduce the arch and is often the primary deform-
ing force that leads to and propagates its devel-
opment. Having the patient stand and then step
forward with the involved extremity can negate
the effects of equinus. With the foot plantarflexed
on the leg, the gastrosoleal complex is relaxed,
and a flexible deformity will reduce, and likewise
captured on radiographic examination during this
“step-forward” Hubscher maneuver (Figs. 11.4).
Another important component of the clinical
examination is gait analysis. In a patient with a
coalition, the heel will strike the ground in a ver-
tical to everted position and will not re-supinate
in late midstance, effectively remaining everted
throughout the gait cycle. As a coalition becomes
more painful, compensatory external rotation of
the hip occurs, which serves to shorten the length
of the lever arm over the foot (Video 11.2). Also,
the gliding motion at the midtarsal joint (MTJ)
becomes more of a hinge motion. During dorsi-
flexion, the MTJ becomes narrow superiorly and
widens inferiorly [3]. It has been shown that the
contact area in the midfoot in patients with a coali-
tion is twice that of the non-coalesced foot [16].
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Fig. 11.4 Standing view of pes valgus foot with col-
lapsed medial arch and floating heel secondary to equinus
contracture (a). “Step-forward” Hubscher maneuver dem-

Patients with significant equinus contrac-
ture also demonstrate compensatory stance and
gait postural effects. Pes planovalgus deformi-
ties that occur secondary to fully compensated
equinus contracture translate forces upward
through the extremity, causing genu recurvatum
and genu valgum, internal rotation of the limb,
forward pelvic tilt, lumbar lordosis, and forward
shift of the center of balance [25] (Fig. 11.5).
The center of balance is displaced such that a
plumb line from the ear to the foot falls in front
of the ankle joint, often as far as the metatarso-
phalangeal joint level. The patient’s arms and
shoulders may also be seen leaning forward
compared to the rest of the body (Fig. 11.6a).
In the authors’ experience, correction of the pes
planovalgus and equinus deformities is effec-
tive in realigning this postural misalignment
(Fig. 11.6b). Gait analysis in patients with a par-
tially to fully compensated equinus (“equinus-
compensated pes planovalgus”) deformity also
reveals an interesting compensatory lack of full
knee extension, whereby they fail to fully extend
the knee in the limb-bearing phase of gait, caus-
ing a vertical “bouncing” gait pattern which is
evident by watching the patient’s head and torso
while walking. Therefore the “equinus-compen-
sated pes planovalgus” foot type leads to proxi-

onstrating reduction of the pes valgus deformity (b),
which eliminates the effect of equinus by plantarflexing
the foot on the leg

mal compensations including genu recurvatum,
lumbar lordosis, a shift of the center of balance
in stance, and lack of full knee extension in gait
(Video 11.3).

Distal compensation occurs at various levels
of the foot secondary to ankle joint equinus. A
wide range of compensation can occur, from little
to no compensation, partial compensation, or full
distal compensation [25]. Patients who demon-
strate little or no pronatory compensation in the
STJ and MTJ usually have some component of
a neuromuscular disease. In contrast, full distal
compensation may occur. This is the patient with
a hypermobile pes planovalgus with the rearfoot
and forefoot maximally everted. And, between
these two exist the patients with partial distal
compensation, who present with some degree
of STJ pronation. These patients often have
early heel off due to the insufficient dorsiflexory
motion [25].

Standard Radiographic Evaluation

Plain-film radiographs are very helpful in the
evaluation of a patient with a pes planovalgus
foot type. According to Crim, TC coalitions had
an 88% diagnostic specificity radiographically,
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Fig. 11.5 Equinus-compensated pes valgus deformity
demonstrating genu recurvatum, lumbar lordosis, and for-
ward shift of center of balance

while CN coalitions had a 97% diagnostic speci-
ficity [26]. On the dorsoplantar (DP) radiograph,
the talonavicular congruity would demonstrate
an increase in uncovering of the medial talar head
in a pes planovalgus deformity. The calcaneal
abduction angle may also be increased in this foot
type. The lateral radiograph may demonstrate
a decreased calcaneal inclination angle and an
increased talar declination angle. The talar-first
metatarsal angle will also increase as the subtalar
joint (STJ) pronates and the talus plantarflexes.
These parameters can be compared to the values
found in the normal foot [27, 28]. Once the initial

radiographic evaluation is completed, other signs
of TC coalition are assessed.

In a frank osseous TC coalition, there is fre-
quently STJ sclerosis, narrowing of the posterior
facet, and absence of the middle facet on the
lateral radiograph, although these can be absent
in up to 50% of patients with a coalition [29].
Irregularity of the middle facet and hypertrophy
of the sustentaculum may also be seen. The lateral
radiograph may also show evidence of the “C”
sign formed from the medial talar dome and pos-
teroinferior border of the sustentaculum tali [11,
29]. It has also been noted that, from an anatomic-
pathologic basis, the “C” sign is a bony bridge
between the talar dome and sustentaculum tali, in
combination with a prominent inferior border of
the sustentaculum tali [11, 29], although the bio-
mechanical implications extend beyond this. The
authors believe that the “C” sign actually com-
pletes more of a “halo” appearance when the TN
joint is factored in (Fig. 11.7). This “halo” sign
occurs from spherical diffusion of pressure forces
between the ankle, subtalar, and talonavicular
joints. A middle facet coalition results in uneven
medial forces through the middle facet, rather
than the posterior facet, which normally bears the
load of these forces. In 1 study with 16 coalitions,
the “C” sign was 86.6% sensitive and 93.3% spe-
cific, higher than any other radiographic sign of
tarsal coalition [29]. Although it has been called
the most reliable sign of a coalition [30], Brown
has shown that the “C” sign may be more indica-
tive of collapsing pes planovalgus deformity than
coalition [14].

Another common radiographic finding in a
patient with a coalition is beaking of the talus
(Fig. 11.8). During the gait of a coalition foot, the
proximal edge of the navicular impinges on and
overrides the anterior aspect of the talar head to
compensate for lack of STJ motion. This causes
elevation of the TN ligament and periosteum off
the head of talus, resulting in a periosteal reaction
[3, 31]. It is important to understand that this is a
traction spur, not an osteophyte of degeneration [7].

One may also observe rounding or flattening
of the lateral talar process along with narrowing
of the posterior facet. As the rotary motion of
the STJ is lost, there is a decrease in the inter-
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Fig. 11.6 Equinus-compensated pes valgus with plumb
line of center of balance forward of the ankle joint (a) and
postoperative correction of pes valgus and equinus release

nal rotation of the STJ. In addition to loss of the
longitudinal arch and adaptive shortening of the
peroneal tendons, impingement of the talus on
the lateral aspect of the calcaneus also occurs.
This leads to broadening and flattening of the lat-
eral talar process and narrowing of the posterior
facet [3].

A calcaneal axial radiograph may also reveal
findings consistent with a TC coalition. This

demonstrating normalization of posture and center of bal-
ance (b)

image allows the clinician to look at the congru-
ency of the posterior and middle facets, which
normally have a parallel relationship. Aberrations
of this relationship occur with middle facet coali-
tions, and there exists more angulation between
these two facets, often upward of 45 degrees
(Fig. 11.9).

A radiographic “step-forward” Hubscher
maneuver can also be performed, utilizing the
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Fig. 11.7 Middle facet coalition demonstrating radio-
graphic sclerosis of the subtalar joint and the “halo” effect
of spherical diffusion of ankle and hindfoot forces

Fig. 11.8 Talar neck and navicular-cuneiform “beaking”
in a patient with middle facet and calcaneal-navicular bar
coalitions

aforementioned technique. This is compared to
the normal weight-bearing lateral radiograph
to determine the amount of reducibility of the
deformity. The osseous TC coalition foot will not
reduce with this technique, while the flexible pes
planovalgus will.

If a CN coalition is suspected, a 45-degree
lateral oblique projection/medial oblique view
radiograph is the best position to demonstrate the
bridge from the calcaneus to the navicular [3]. A
true osseous bridge may not be seen, but a close
proximity of these two bones may be observed,
as well as flattening of the lateral navicular as it
approaches the calcaneus (Fig. 11.10) [3]. There
may also be loss of the dense cortical rim at the
junction of these two bones [11] or indistinct,
irregular juxtaposed cortical bone [3]. The lateral
radiograph may demonstrate the “anteater” sign,

Fig. 11.9 Calcaneal axial radiograph in a patient with a
middle facet coalition demonstrating oblique posterior
and middle facets

which is the extension of the anterior process of
the calcaneus as it extends beyond the calcaneo-
cuboid joint. This normally triangular-shaped
area of the calcaneus becomes elongated, and its
tip is squared and abuts the lateral margin of the
navicular [32]. Hypoplasia of the talar head, as
well as talar beaking, may also accompany the
CN coalition [11].

Computerized Tomographic
and Magnetic Resonance Imaging

If a coalition is suspected on radiographic evalu-
ation, further imaging studies are helpful. The
authors believe that computerized tomography
(CT) is the superior diagnostic modality for
evaluating TC coalitions. CT is the gold standard
of imaging because of its ability to demonstrate
osseous anatomy better than other modalities
and its usefulness in surgical planning [33]. It
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Fig. 11.10 Calcaneonavicular bar with a complete bone bridge (a) and with an incomplete bone bridge (b)

has been shown in numerous studies that CT is
better than magnetic resonance imaging (MRI)
[32-36], although others have favored the use of
MRI over CT [31, 37].

The argument is often made that MRI is
better at detecting nonosseous coalitions than
CT, and differentiating the fibrous from carti-
laginous coalition is only possible with MRI
[31, 33, 37]. The authors agree that making this
differentiation is impossible with CT; however,
whether or not a coalition is fibrous or carti-
laginous often has little implication in making
the diagnosis and even less influence on the
patient’s symptoms. There are subtle findings
on CT that can be diagnostic of nonosseous
coalitions that are not visible on MRI, and the
clinician trained to recognize these findings
will do so more accurately with a CT [30-36].
These will be discussed in detail with nonosse-
ous coalitions.

The authors have found that a CT of the hind-
foot, if ordered in 1 mm x 1 mm sections, is the
preferred way of evaluating the subtalar joint.
This type of imaging of 1 mm sections, with no
gap between the slices obtained perpendicular
to the subtalar joint, is easily attainable. This
provides true axial images (Fig. 11.11). This
“coalition-specific axial plane” is not a true axial
but is more accurate in its ability to visualize the
posterior and middle facets of the STJ. Sagittal
reconstructions are generally also performed, but
axial images are the most reliable for determining
the extent of joint involvement [34]. CT images
will also be able to reveal any subtle arthritic
changes of the subtalar and other surrounding
joints. This information is most useful for surgi-
cal planning.

Because of the high specificity of radiographs
in identifying CN coalitions, CTs are gener-
ally only useful in ascertaining if any arthritic
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Fig. 11.11 Scout film with a coalition-specific axial protocol. Orientation of computerized tomographic area of inter-

est and angle of study, ordered as a 1.0 x 1.0 mm slices

Fig. 11.12 Severe pes valgus lateral radiograph mimicking a middle facet coalition (a) and “step-forward” Hubscher
maneuver demonstrating reduction of arch and restoration of the normal alignment of the subtalar joint (b)

changes are present in the STJ [26]. It should also
be mentioned that on occasion a patient will have
a coexisting CN and TC coalition [8], and a CT
effectively images all possible areas of coalition
and/or arthritic involvement (Fig. 11.12).

The “Gray Zone”

The two types of patients discussed thus far, the
rigid coalition flatfoot and the flexible pes pla-
novalgus foot, represent opposing ends of the
spectrum of painful pediatric flatfoot deformi-
ties, and the diagnoses are readily discernible
with routine clinical and radiographic examina-

tions. However, many patients have signs and
symptoms that lie somewhere in between these
two extremes, making an accurate diagnosis
more challenging. There are patients with coali-
tions that have not yet ossified and may still have
some motion in the hindfoot joints. Some, but not
all, of these nonosseous coalitions have arthritic
changes. There are also patients with a stiff pes
planovalgus foot that does not have a coalition,
but demonstrates significant radiographic arthritic
changes. These stiff, poorly reducible deformi-
ties generally begin as a flexible pes planovalgus
foot type that develops adaptive osseous changes
over time, secondary to the severity and duration
of the deformity.
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In the authors’ experience, a majority of these
patients are overweight /obese adolescents, and
the increasing frequency of this phenomenon
appears to parallel societal statistics regarding
obesity. Numerous reports have shown a posi-
tive correlation between increased body mass
index (BMI) and pes planovalgus [38—43]. The
increased biomechanical stress on these feet
is more difficult to compensate for in the over-
weight or obese child. Subsequently, there is an
accelerated arthritic process that otherwise might
not have manifested until after skeletal maturity.
Focused clinical and radiographic examinations
are needed to differentiate the coalition foot from
the arthritic pes planovalgus foot, which will play
an important role in determining an appropriate
treatment strategy for these patients.

Peroneal Spasm in the Non-
coalesced Pes Planovalgus Foot

Patients may present with an apparent peroneal
spastic pes planovalgus without evidence of a
tarsal coalition. The paucity of radiographic and
CT findings of a coalition in these patients sug-
gests that peroneal spasm is not pathognomonic
for a tarsal coalition. As previously mentioned,
peroneal spasm can occur secondary to multiple
conditions other than a tarsal coalition. Four
children in one report presented with true spasm
of the peroneal muscles and extensors second-
ary to trauma or ligamentous strain [23]. Jack
was the first to report that peroneal spasm can
occur in the non-coalesced foot that is rigid sec-
ondary to osteoarthritis of the tarsal joints [23].
In these cases, a common peroneal nerve block
may be a beneficial diagnostic modality. A rigid
foot secondary to peroneal spasm may become
flexible with a diagnostic nerve block, leading
the clinician to exclude an osseous coalition
from the differential diagnoses [15]. Rest, phys-
ical therapy, and casting have also been shown
in some cases to relieve the spasticity of the
peroneal muscles [23, 44]. In the author’s expe-
rience, there are few patients who respond posi-
tively to conservative treatment, especially over
an extended period of time. In general, younger

patients will respond more positively to conser-
vative measures than their older counterparts,
especially in the absence of arthritic changes.
More commonly, conservative treatment will
help reduce symptoms temporarily until surgi-
cal correction is performed.

Any circumstance that restricts movement in
the tarsal joints, as well as any cause of pain
in these areas, can lead to these abnormal mus-
cle responses [15]. It has been demonstrated
by electromyography (EMG) that a “peroneal
spastic” lower extremity actually lacks spasm of
these peronei in most cases and is more accu-
rately an organic shortening of the muscles
that have adapted to a long-standing deformity
[24]. When Blockey performed EMG studies
on patients with peroneal spasm, he found that
there was increased tension on the peroneus
brevis tendon, but no increase in the motor unit
activity that would be seen in a classic reflex
muscle spasm. He attributed this to an increase
in tone in the muscle produced by chemical
changes within the muscle, independent of its
nerve supply [44]. Jack also discounted Harris’
theory and believed that if there was a lack of
spasm of the peroneal muscles, and it was truly
only an adaptive shortening, then an anesthetic
block would not allow relaxation of the defor-
mity [23]. This is especially true of younger
children who have not had years of fixed ever-
sion and chronic symptoms seen in patients
17 years and older [23].

Despite their extensive research on tarsal coali-
tions, Harris and Beath believed that “the term
peroneal spastic flat foot should be abandoned in
favor of more precisely descriptive designations
of the different varieties of the deformity” [24].
When a peroneal spastic pes planovalgus is eval-
uated in a systematic fashion, an anatomic cause
usually can be elucidated [22].

Case Reports

Case 1

Idiopathic spasticity of the extensor tendons
(peroneus tertius and extensor digitorum lon-
gus) has been observed by the authors in an
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Fig. 11.13 Four-year-old female patient with idiopathic apparent peroneal spastic flatfoot with no evidence of coali-
tion (a) and 1 year following the lengthening of peroneus tertius and extensor digitorum longus tendons (b)

asymptomatic 4-year-old female patient with
a severe unilateral pes planovalgus deformity
with no equinus contracture. After a neurologi-
cal consultation revealed no identifiable source
or etiology for the muscle spasm (including
an MRI of the spine), this patient was treated
by lengthening of the extensor tendons. She is
managed with custom orthoses and will remain
under observation through osseous maturity
(Fig. 11.13). Of interest in this case was that
general anesthesia failed to relax the con-
tracted tendons, suggesting that the deformity
was a fixed contracture rather than true muscle
spasm.

Case 2

A 14-year-old patient presented with a painful
severe pes planovalgus deformity with peroneal
spasm in open Kkinetic, stance, and gait exami-
nations (Fig. 11.14a). She was treated for neo-
natal clubfoot with surgery at 1 year, and her
parents reported progressive collapse of the
medial arch beginning at age 7. The foot was
stiff but manually reducible (Fig. 11.14b), and
the equinus contracture was profound. Toe-
raise demonstrated heel inversion with near-
complete reduction of the medial longitudinal
arch (Fig. 11.14c, d). Peroneal spasm devel-
oped in this case due to adaptive shortening of
the tendons, as their position of advantage was
far lateral to the axis of the STJ and MTJ. This

patient demonstrated an apparent tarsal “halo”
sign and subtalar and midtarsal arthritis, sug-
gestive of a middle facet coalition (Fig. 11.14e).
However, a “step-forward” Hubscher lateral
radiograph demonstrated complete reduction
of the hindfoot alignment and a reducible arch
(Fig. 11.14f). In this case, the severity of STJ
and MTJ subluxation distorted the normal
appearance of the joints suggesting a bony
coalition. Medial and plantar subluxation of the
talus on the calcaneus rotated the subtalar joint
such that radiographically the talus was in front
of the calcaneus and not resting upon it, thereby
making the subtalar joint appear non-existent,
falsely suggestive of a coalition. This patient
was treated with an Achilles tendon lengthen-
ing and triple arthrodesis (Fig. 11.14g).

Case 3

A 32-year-old female patient presented with
gradual, progressive increased unilateral pain in
the sinus tarsi with no history of injury. Within
a year of symptom onset, the patient developed
unilateral peroneal spasm. Plain films failed to
demonstrate significant findings; however, CT
examination revealed a subchondral bone cyst
at the anterior margin of the posterior facet of
the calcaneus (Fig. 11.15a). MRI revealed bony
edema (Fig. 11.15b), and the patient was treated
by curettage of the bone cyst with allogeneic
bone grafting.
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Asymptomatic Tarsal Coalitions

Not all coalitions result in a pes planovalgus
foot type and not all coalitions are painful.
Asymptomatic coalitions can be found inciden-

tally when imaging a patient for other purposes.
In this situation, the coalition is presumed to be
asymptomatic because the foot is in a rectus posi-
tion with no deformity [17] (Fig. 11.16). This
situation is analogous to a patient who undergoes

Fig. 11.14 Fourteen-year-old female patient with appar-
ent peroneal spastic flatfoot who had clubfoot correction
at 1 year of age and developed progressive collapse of the
arch due to recurrent equinus contracture (a), but the foot
was manually reducible (b). Stance examination demon-
strated severe collapsing pes valgus (c), but toe-raise test

demonstrated complete arch restoration (d). Lateral foot
radiograph appeared consistent with a subtalar joint coali-
tion (e); however, the “step-forward” Hubscher maneuver
revealed a reducible hindfoot with no coalition (f). The
patient underwent a triple arthrodesis and Achilles tendon
lengthening (g)
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Fig. 11.14 (continued)

an isolated hindfoot fusion to address arthritis or
misalignment. A neutral position of an isolated
hindfoot fusion can render the foot stable and
pain-free, and there is no long-term evidence to
suggest that adjacent joints will undergo degen-
erative arthritis. Much to the contrary, the authors
believe that creating a stable neutral position of
an isolated hindfoot fusion can be beneficial in
preventing adjacent joint arthritis (Fig. 11.17).

Painful Coalition Without Pes
Planovalgus Deformity

There exists another group of patients that pres-
ent with a painful coalition, but have a rectus foot
type (no pes planovalgus). In the authors’ experi-
ence, this is usually seen in patients with a calca-
neonavicular bar (either fibrous/cartilaginous or
bony) or in patients with a coalition of the subta-
lar joint. Middle facet coalitions are either rigidly
coalesced with a solid bone bridge or obliquely
angulated and arthritic [33, 36, 45]. When the
middle facet is arthritic but not bone-bridged,
pain is located medially, inferior to the medial
malleolus, at the site of coalition. The posterior
facet can also demonstrate arthritic changes in
addition to the middle facet, which manifests as
pain in the sinus tarsi. When the middle facet has
a solid bone bridge, the posterior facet can also
become painfully arthritic. Differential weight
distribution on the smaller middle facet leads to a
stress reaction within the bone and can be charac-
terized on MRI evaluation as medullary edema at
the site of bony coalition (Fig. 11.18).

The Role of Diagnostic Imaging

Both plain-film radiographs and CT will help
to delineate the etiology in the rigid painful
foot. Most importantly, this information will
help guide the surgical treatment plan. With the
exception of the CN coalition, radiographs are
primarily valuable as a screening tool and are
rarely totally diagnostic. A severely arthritic pes
planovalgus foot may have changes similar to
those observed in the foot with a TC coalition. A
severely pronated STJ can obscure the visibility
of the middle and posterior facets on the lateral
radiographs and mistakenly be identified as a
coalition. Likewise, some coalitions lack obvious
changes on plain radiograph evaluation and may
be mistakenly interpreted as negative for a coali-
tion [7, 9, 14, 26, 29].

The authors have found that radiology
reports can be misleading or incomplete at times
in describing potential pathologic changes.
According to Solomon, CT has a low sensitiv-
ity for diagnosing nonosseous coalitions, which
is related to the difficulty in distinguishing these
disorders from the osteoarthritic STJ [6]. Much
of the literature that supports the use of MRI for
identification of coalition has been published by
radiologists [26, 29, 31, 36, 37]. Of note, one
study published by Emery et al. concluded that
while MRI had a high rate of agreement with
CT with regard to detecting tarsal coalition, CT
remains the gold standard when clinical suspi-
cion for coalition is high. MRI might be of more
value when more broad evaluation for other pos-
sible causes of foot or ankle pain is desired [35].
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Fig. 11.15 Axial computerized tomographic images of a
32-year-old female patient with peroneal spasm secondary
to a subchondral bone cyst of the posterior facet of the sub-
talar joint (a) and sagittal T2 magnetic resonance image
revealing fluid-filled cyst with adjacent bony edema (b)

Fig. 11.16 Asymptomatic coalitions: calcaneonavicular
bar in a 56-year-old female patient (a), subtalar joint
coalition in a 48-year-old male patient (b), and a talona-
vicular coalition in an adolescent female patient (c). Note
the neutral alignment arch position and complete bone
bridge coalition in each of these cases

In a case series published by Guignand et al.,
the authors evaluated 19 symptomatic feet with-
out evidence of synchondrosis on plain X-ray.
They concluded that MRI was the most effec-
tive means of diagnosis for these predominantly
fibrous or cartilaginous CN coalitions [63]. MRI
has been shown to be more sensitive to nonosse-
ous coalition and differentiate a fibrous coalition
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Fig. 11.17 Preoperative (a) and 6-year postoperative (b) isolated talonavicular arthrodesis with no evidence of adja-
cent joint arthritis

Fig. 11.18 MRI of a 15-year-old patient with a symp-  ing bony edema on T2 images due to uneven stress load-
tomatic middle facet coalition with a complete bone ing of the medial aspect of the subtalar joint (b)
bridge on T1 magnetic resonance images (a), demonstrat-



11 Pediatric Tarsal Coalition and Pes Planovalgus

207

from a cartilaginous coalition [60]. Ultimately
the authors feel that the decision-making process
around advanced imaging should include both
the level of clinical suspicion for tarsal coalition
and the anatomic location of symptoms.

With regard to nonosseous STJ coalition,
subtle findings on CT may actually support the
diagnosis more readily than MRI and accentuate
the same findings found on plain-film radiogra-
phy. Talar beaking and flattening of the lateral
talar process are readily identifiable on the sagit-
tal sections. Narrowing of the middle and poste-
rior facets are seen in the sagittal plane, as well
as other arthritic changes (Fig. 11.19). The most
important plane to closely scrutinize in a CT is the
previously mentioned “coalition-specific axial
plane.” This view of the subtalar joint enhances
visualization of the middle and posterior facets
and more accurately identifies secondary arthritic
changes that may exist. In this view, the poste-
rior and middle facets are normally parallel. In a
nonosseous coalition, an obvious planar abnor-
mality may exist between these two facets. The
middle facet may have the “drunken waiter”
appearance [37]. This appearance of a superior-
lateral- to inferior-medial-directed middle facet
occurs from a dysplastic sustentaculum tali in a
coalition. It appears that an unsteady waiter is tip-
ping his tray (the middle facet), when normally it
would be straight [37] (Fig. 11.20). The middle
facet may also show changes of the subchondral
bone. This appears as irregularity of the calcaneal
and talar borders of this facet, which are normally
smooth. Narrowing of the middle and posterior
facet joint spaces is commonly observed. There
is often a medial lipping of the middle facet seen
in this plane. Broadening of the middle facet
and sustentaculum tali also occurs not only from
medial to lateral but also from anterior to poste-
rior, as the biomechanical stresses of the coali-
tion lead to hypertrophy of the surrounding bony
surfaces. These osseous changes of the calcaneus
and talus surrounding the middle and posterior
facets correlate to the appearance of the “halo”
sign on plain-film radiographs.

Once the above two planes have been evalu-
ated, and evidence of a coalition exists, the cli-
nician should then focus on the frontal plane

Fig. 11.19 Subtle computerized tomogram findings of
middle facet coalitions as viewed on axial plane imaging.
Subtle medial spurring (a) and joint space arthritic nar-
rowing (b, ¢) may be reported as negative for coalition due
to lack of frank osseous bridging
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Fig.11.20 Oblique middle facet coalition, described as a
“drunken waiter” sign

images. The most important findings in this
plane are the secondary positional changes that
exist as a result of the coalition. It is not uncom-
mon to have a neutral heel that exists with a
coalition, and this linear relationship between
the tibia, talus, and calcaneus is appreciated on
the frontal plane CT images (Fig. 11.21a). These
patients lack the heel valgus alignment and will
rarely have peroneal spasm. More commonly,
though, the calcaneus is in an everted or val-
gus position, relative to the tibia (Fig. 11.21b).
The amount of eversion can be assessed, as well
as the shape of the talus in the frontal plane.
In some severe coalition cases, “lateral tarsal
wedging” occurs. The authors interpret this
to be an adaptive change in the long-standing
coalition foot that results in wedging of the talus
or calcaneus between the tibia and the severely
everted calcaneus. Normally in the frontal
plane, the talus will have a rectangular appear-
ance. As the heel rotates into the valgus, there
becomes an increased stress on the lateral side
of the talus or calcaneus. With severe deformi-

Fig. 11.21 Axial computerized tomogram of a middle
facet coalition with a vertical calcaneus, which is perpen-

dicular to the distal tibial plafond, with no pes valgus or

peroneal spasm (a), and middle facet coalition with valgus
alignment of calcaneus relative to the tibial plafond and
significant pes valgus and peroneal spasm (b)
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Fig. 11.22 “Lateral tarsal wedging.” Adaptive changes within the subtalar joint in patients with peroneal spastic pes
valgus may demonstrate either lateral wedging of the talus (a) or lateral wedging of the calcaneus (b)

ties, the authors believe that this increased stress
changes the shape of the talus (Fig. 11.22a) or
the calcaneus (Fig. 11.22b) by wedging it lat-
erally. This wedging occurs in varying degrees,
depending of the severity of the deformity. In
the author’s experience, there appears to be a
positive correlation between lateral tarsal wedg-
ing and peroneal spasm. An understanding of
this relationship is important as it can change
the choice of surgical procedure for correction
and will be discussed below.

The frontal plane CT view may also show
evidence of calcaneal fibular remodeling [46].
Cystic changes may be seen in the calcaneus
and fibular malleolus. A “cup-like” pseudo-
articulation may be present between the calca-
neus and fibula, which may be present secondary
to a fixed heel valgus, resulting in an abnormal
contact between these two bones [46]. With the
proper clinical examination and image interpreta-
tion, the clinician can better differentiate between
the pes planovalgus deformity that has become
rigid secondary to arthritic changes and the rigid
foot with a coalition, with or without arthritic
changes.

Surgical Planning for Tarsal
Coalition

The information gained in diagnostic imaging
of coalitions assists in developing a surgical
plan that is individualized to the patient based
on age, clinical findings, and imaging character-
istics. A recent innovation even brings patient-
specific coalition resection guides based off of
CT images, akin to the tibial and talar cutting
guides used in some total ankle arthroplasty
systems [63]. Two main surgical options are
coalition resection and fusion, with or without
adjunctive reconstructive procedures to address
pes planovalgus and/or equinus. In the authors’
experience, a CN coalition responds better to
resection than a TC coalition, and, in general,
a coalition resection, regardless of location,
fares better long term in younger patients. This
is generally supported by the existing litera-
ture. Giannini found that patients 14 years and
younger responded better to resection than their
older counterparts [47], although successful
outcomes have also been shown after coalition
resection in adult patients [48].
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Various  surgical techniques may be
employed for resection of a CN coalition [I,
11]. Interpositional fat, extensor digitorum bre-
vis muscle belly, or bone wax are inserted at the
discretion of the surgeon. There is evidence that
supports interposition to prevent recurrence, but
the evidence is conflicting with regard to the par-
ticular type of material used for this purpose [45,
49, 50, 68]. In the author’s experience, adequate
resection of the margins of the coalition is imper-
ative to prevent re-growth of the bony bridge,
especially in CN coalitions. Adequate resection
may be confirmed intraoperatively with clinical
and radiographic examination (Fig. 11.23).

If a pes planovalgus deformity is seen in asso-
ciation with a CN coalition, an Evans or medial-
izing calcaneal osteotomy can be performed with
a CN coalition resection. Other associated defor-
mities are also addressed, including ankle equi-
nus and forefoot varus. It should be emphasized
that adjunctive joint-sparing reconstructive pro-
cedures to correct a pes planovalgus concurrently
with a coalition resection is primarily indicated
in patients with no significant arthritic changes
in the hindfoot joints. It is also possible to have
a subtalar joint middle facet coalition in conjunc-
tion with a CN bar (Fig. 11.24).

A middle facet coalition may also be amena-
ble to treatment with resection alone or in com-
bination with other procedures [64]. Generally,
an incision is placed over the middle facet to
allow full visualization of the bony bridge and to
allow for adequate resection. Resection has also
been described with arthroscopic and endoscopic
guidance [51, 66]. A study by Hetsroni showed
no difference in the kinematics of the subtalar
joint during stance after resection of the coalition
compared to the preoperative kinematics [52].
Another study demonstrated that plantar pres-
sures during gait are close to normal after coali-
tion resection, although normal plantar pressures
are not recreated during running after resection
of the coalition [53]. Similarly, Lyon found that
there were significant differences in measure-
ments of plantar pressures even after coalition
resection, as compared to the normal foot [16].
There is no widely held consensus when it comes
to the efficacy of isolated coalition resection ver-
sus resection combined with correction of coex-
isting hindfoot deformity. Some studies have
reported poorer outcomes associated with larger
degrees of hindfoot values treated with isolated
resection [50], while recent studies by Mahan
et al. and Khoshbin et al. found no difference

Fig. 11.23 Calcaneonavicular bar with incomplete bone bridge (a), recurrence after inadequate resection (b), and
adequate resection with clear margins of bony separation (c)
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Fig. 11.24 Patient with both a middle facet coalition (a)
and a calcaneonavicular bar coalition (b) in the same foot,
emphasizing the need for comprehensive imaging evalua-

in outcomes for patient treated largely with iso-
lated resection, including patients with coalitions
greater than 50% of the posterior facet and heel
values over 16 degrees [65, 69]. Giannini found
an 85.7% improvement in postoperative pain and
92.8% increase in range of motion in 14 patients
who underwent middle facet coalition resection
in combination with a poly-L-lactic acid bioab-
sorbable implant in the sinus tarsi [48].

In the absence of arthritic changes in the
posterior facet, middle facet coalition resection
can be performed with various combinations
of an Evans calcaneal osteotomy, medializing
calcaneal osteotomy, medial column osteotomy
or fusion, and lengthening of the Achilles ten-
don or gastrocnemius aponeurosis. At surgeon
discretion, these adjunctive procedures are
performed concurrently with resection or in a
staged second procedure. Mosca et al. reported
good results with the treatment of 13 coalitions
in 8 patients who underwent calcaneal length-
ening osteotomy for hindfoot valgus deformity
correction both with and without coalition
resection [61]. In another report of 6 feet with
coalition resection in combination with pes
planovalgus repair without a rearfoot fusion,
the AOFAS Ankle-Hindfoot Scores were all
excellent postoperatively [54]. There was also

tion in order to formulate an appropriate surgical treat-
ment plan

significant improvement radiographically of the
calcaneal inclination, Meary’s angle, and DP
talar-first metatarsal angles [54].

Patients with arthritic changes of the subtalar
or surrounding joints are usually not amenable to
coalition resection alone. Resection of a middle
facet coalition in a patient who demonstrates
arthritic changes in the posterior facet can accel-
erate the progression of arthritis, fail to relieve
their pain, and necessitate performing a subtalar
joint arthrodesis (Fig. 11.25). Likewise, patients
with significant arthritis involving the posterior
and middle facets, regardless of age, require pri-
mary arthrodesis in order to alleviate symptoms.
The foot without significant misalignment is
generally amenable to isolated arthrodesis of the
subtalar joint (Fig. 11.26).

On occasion, an osseous middle facet coali-
tion is found to be associated with a normal posi-
tioned rearfoot and isolated pain in the subtalar
joint. The authors perform an “in situ” fusion of
the subtalar joint in this situation by resecting the
remaining cartilage and subchondral bone of the
posterior facet and interpose cancellous bone,
without disruption of the already fused middle
facet. The authors do not employ fixation across
this type of fusion, since stabilization is afforded
by the solid middle facet coalition (Fig. 11.27).
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Fig. 11.25 Twelve-year-old female patient 7 months following middle facet coalition resection with exacerbated
medial and lateral subtalar joint pain and arthrosis (a) and 1 year following isolated subtalar joint arthrodesis (b)

Fig. 11.26 Eight-year-old female patient with painful rior facet degenerative changes (b), sagittal computerized
arthritic subtalar joint arthritis, plain radiograph (a), axial ~tomogram revealing middle facet involvement (c), treated
computerized tomogram demonstrating significant poste- ~ with isolated subtalar joint arthrodesis (d)
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Fig. 11.27 Axial T1 magnetic resonance image of a

15-year-old female with a painful, complete bone bridge of
a middle facet coalition with no valgus heel alignment (a)

More commonly, a valgus position of the cal-
caneus relative to the tibia exists in patients with
a tarsal coalition (Fig. 11.28). An “in situ” fusion
would not correct the positional deformity of the
rearfoot, and a more extensive approach is nec-
essary to fuse the subtalar joint. If a nonosseous
coalition exists in the middle facet, the joint is
opened, thus separating the coalition, in order to
resect the joint surfaces in preparation for arthrod-
esis. If an osseous coalition is present with valgus
heel alignment, it is also necessary to separate the
coalition to aid in joint resection and adequate
repositioning of the subtalar joint. Once the joint
surfaces are adequately resected and alignment
corrected, fixation is necessary for compression
and stabilization across the arthrodesis site.

The more severe or long-standing deformity
will also develop adaptive changes in the fore-
foot to compensate for the valgus alignment of
the heel. Repositioning of the STJ into a rectus
position will accentuate the varus alignment of
the forefoot. In this situation, the midfoot/fore-
foot will also need to be surgically addressed in
order to pronate the forefoot to allow the medial
column to purchase the ground. A modified

and 8 month post in situ arthrodesis axial computerized
tomogram demonstrating bone consolidation of allograft,
without cut-down of the middle facet coalition (b)

Fig. 11.28 Axial Tl magnetic resonance image of a
patient with a middle facet coalition with peroneal spasm
and significant heel valgus (lateral tarsal wedging) and
articulating calcaneal and fibular segments. This foot is
not amenable to coalition resection and will require multi-
level arthrodesis in order to address the coalition and cor-

rect the valgus foot alignment
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Young’s tenosuspension, osteotomy of the medial
cuneiform with bone graft (Cotton osteotomy),
naviculocuneiform arthrodesis, or talonavicular
arthrodesis can be performed to plantarflex the
medial column, in addition to arthrodesis of the
subtalar joint. A double arthrodesis, consisting
of the talonavicular and subtalar joints, can be
performed in the patient with moderate-severe
positional deformities of the forefoot, without
involvement of the calcaneocuboid joint [55-57].

Adaptive Changes with Lateral
Tarsal Wedging

Patients with lateral tarsal wedging, either talar
or calcaneal, generally require even more posi-
tional correction due to the hypoplastic nature
of the lateral aspect of the talus (and/or cal-

caneus). This generally involves the use of an
opening bone graft or wedge resection of the
subtalar joint, depending on the degree of defor-
mity. The authors published a case series describ-
ing a technique using a press-fit femoral head
or tricortical iliac crest allograft fashioned into
laterally based wedge in the subtalar joint that
achieved satisfactory outcomes in 9 patients
with a mean follow up of 25.5 months [62]. The
use of internal fixation in this situation is vari-
able, as a compression-fit bone graft is usually
stable enough for consolidation without the aid
of compression devices. Thus, the need for screw
fixation is based on stability of the fusion site,
and this decision is made at the time of surgery
(Fig. 11.29). Finally, a triple arthrodesis is typi-
cally necessary in the more severe deformity,
whereby resection of the MTJ allows for multi-
plane correction (Fig. 11.30).

Fig. 11.29 Eleven-year-old patient with a painful middle
facet coalition with severe pes valgus, before (a) and after
(b) double arthrodesis, utilizing allograft iliac crest to
reverse-wedge the subtalar joint fusion site. Before (c)
and after (d) clinical appearance of the medial longitudi-

nal arch. Computerized tomogram prior to surgery (e)
demonstrating heel valgus alignment with lateral tarsal
wedging and computerized tomogram 6 months following
bone graft realignment arthrodesis of the subtalar joint
demonstrating significant frontal plane correction (f)
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Fig. 11.29 (continued)

Fig. 11.30 Preoperative (a) and postoperative (b) lateral radiographs showing patient with middle facet and calcaneo-
navicular bar coalitions requiring triple arthrodesis to address arthritis

Conclusion

Pediatric pes planovalgus deformity encom-
passes a diverse range of clinical presentation:
the flexible deformity, the osseous coalition,
and everything in between. While algorithms

do exist to establish some general guidelines for
surgeons in the diagnosis and treatment of these
disorders [1, 58, 59, 61], they offer limited guid-
ance in the treatment of patients who present
with symptoms and findings in the “gray zone”
between painful flexible pes planovalgus and
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the frank osseous tarsal coalition. The authors
believe that careful examination utilizing the
full spectrum of available clinical evaluation
techniques combined with an educated analysis
of radiographic and CT findings is critical to
accurately diagnose the etiology of the painful
tarsal coalition and pes planovalgus deformity
and subsequently perform the necessary surgi-
cal correction.
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Congenital Talipes Equinovarus

Daniel J. Hatch

One of the more common deformities of the foot
and ankle present at birth is congenital talipes
equinovarus (CTEV) or clubfoot. Clubfoot is a
three-dimensional deformity that has an inci-
dence of 1/1000 in the Caucasian population [1].
There is a higher incidence in South African
blacks and Polynesians (6/1000) [2]. Males are
more frequently affected at a ratio of three to one
to females. Forty percent of cases are bilateral
[3]. When untreated, clubfoot can be very dis-
abling resulting in pain, severe deformity, inabil-
ity to wear shoes, and inability to ambulate
(Fig. 12.1).

Definition

CTEV is comprised of four components: equi-
nus, varus, adductus, and cavus [4] (Fig. 12.2).
Equinus is the foot in a plantarflexed position
compared to the lower leg. Varus is in reference
to the position of the calcaneus. Adduction is the
relationship of the forefoot to the rearfoot. Cavus
is the overall increase in height of the arch of the
foot. There are four basic classifications of club-
foot: congenital (idiopathic), teratologic, syn-
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dromic, and positional [5]. Idiopathic is the most
common and can present at birth as an isolated
defect. It may be first diagnosed in utero by ultra-
sound at 15-16-weekgestation [6]. Sometimes
this can be identified as early as 12-week gesta-
tion [7]. Aurell et al. evaluated the ultrasound
anatomy of 30 untreated clubfeet in 22 children
in their neonatal clubfoot study [8]. The authors
found close proximity of the navicular and medial
malleolus along with capsular thickening medi-
ally. Teratologic clubfoot types are associated
with neuromuscular disease processes such as
spina bifida and myelomeningocele. Syndromic
clubfoot is associated with genetic abnormalities
and other disease processes of which clubfoot
commonly occurs. Examples of this type would
include arthrogryposis, Larsen syndrome, and
Moebius syndrome [2, 9, 10]. Positional (some-
times called postural) clubfoot is a relatively nor-
mal foot that was held in an abnormal position in
utero. This type is more easily corrected and usu-
ally does not require treatment with an Achilles
tenotomy or extensive bracing.

Etiology

The etiology of idiopathic clubfoot is multifacto-
rial and involves several common theories.
Idiopathic clubfoot results from in utero rather
than embryonic conditions. The more frequently
cited factors involved in the development of
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Fig. 12.2 Idiopathic clubfoot

clubfoot include in utero positioning, environ-
mental factors, neuromuscular with increased
collagen synthesis, and genetic origin. Some less
frequently reported causes include intrauterine
developmental arrest [11], a defect in the germ
plasm of the talus [12, 13], hypoplastic dorsalis
pedis artery [14], and neurological defects affect-
ing muscles of the lower extremity [15].

In utero mal-positioning was identified by
Hippocrates [16] and supported by Browne

[17, 18]. Additionally it has been reported that
there is a greater incidence of clubfoot after
amniocentesis [19]. Farrell et al. found that
amniocentesis at 12 weeks correlated with a
1.63% increased chance of clubfoot [20]. The
authors found this timing correlated with a max-
imal amount of foot and ankle growth. It is
believed that the loss of amniotic fluid contrib-
utes to the “crowding” of the uterine cavity [20].

Environmental factors are rare and would
include drug exposures [21] and smoking [4, 22].

Ippolito and Ponseti’s histological study of
five clubfeet and three normal feet in aborted
fetuses found shortening and thickening of the
talonavicular and spring ligaments suggesting a
possible etiology of clubfoot to be a “retracting
fibrosis” [23]. The authors also found that the dis-
tal leg muscles showed a decrease in size and
number of muscle fibers. Other studies have sup-
ported the theory of increase in fetal myosin and
ensuing fibrosis [15, 24-26].

There is a high genetic influence in clubfoot
[2, 27-32]. Idelberger in 1939 found a concor-
dance of clubfoot in 32.5% of monozygotic
twins and only 2.9% of dizygotic twins [33].
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Wynne- Davies found that if one child in a fam-
ily had clubfoot, then the second child’s chance
of clubfoot would be 1/35 [2]. In 2008 Gurnett
et al. reported on a genetic variance of the gene
PITX1 that was found to be associated with
clubfoot deformity [34]. Additional gene factors
have been identified including TBX4, RBM10,
HOXA, and HOXD [22, 35]. Idiopathic clubfoot
is an isolated condition without other musculo-
skeletal findings and accounts for the majority
(80%) of congenital clubfoot. The idiopathic
deformity is present with a polygenic threshold
influence [22, 35, 36]. The genetic influence may
not only determine the incidence of clubfoot, but
it may also influence the severity and type of
deformity.

Pathoanatomy

In 1803 Antonio Scarpa described the abnormal
anatomy of congenital clubfoot recognizing that
there was medial displacement of the navicular,
cuboid, and calcaneus with respect to the talus
[37]. Several studies have been performed on
fetuses of varying ages [4, 38]. When unilater-
ally present, the clubbed foot is smaller both in
length and girth, and the calf muscles are
retracted and less developed compared to the
contralateral side. The head and neck of the talus
are deviated medially and plantarly, while the
body of the talus is rotated laterally [12, 39, 40].
The navicular is subluxed medially and may at
times even closely juxtapose the medial malleo-
lus [4]. Ponseti would utilize his thumb as a
method of measurement to document the dis-
tance between the talar head and the medial mal-
leolus as an indicator of treatment progression
[41]. The calcaneus is plantarflexed and inverted
with tight medial ligaments and tendons. This
gives the appearance of an “empty heel” where
the calcaneal tuberosity is elevated. The extensor
tendons are medially displaced due to the posi-
tion of the foot in relation to the leg [4]
(Fig. 12.3). The posterior muscle groups are
tight and contracted with proximal migration of
the posterior muscle bellies.

#
-

Fig. 12.3 Medially displaced tendons

While Ponseti was not an advocate of radio-
graphs in the infant due to lack of ossification and
reliable measurements, it is noted that on the AP
radiograph Kite’s angle is decreased, occasion-
ally, to zero along with increased forefoot adduc-
tion. On the lateral projection, the talus and
calcaneus are in equinus.

Kinesiology

The understanding of clubfoot mechanics dates
back to Farabeauf [42] and was further
expanded by Huson [43, 44]. Farabeauf, a
French anatomist, detailed his thoughts on foot
mechanics in his Precis de manual operative
first published in 1872. Huson wrote his doc-
toral dissertation in 1961 on “A Functional and
Anatomical study of the Tarsus” and noted that
the tarsal joints rotate about a moving axis
rather than around a fixed hinge [43]. Ponseti
attributes Huson with his understanding of foot
mechanics that provided him the understanding
to treat clubfoot successfully [4, 41]. Motion of
the calcaneus is not simply inversion and ever-
sion in the frontal plane. Farabeauf likened the
motion to the keel of a ship in which it would
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pitch, roll, and yaw. This calcaneus’ motion is
in all three planes with the interosseous talo-
calcaneal ligament serving as the axis point. It
is an interesting anatomic observation that this
ligament lies within the same axis as the subta-
lar joint which has been described as being
approximately 42 degrees from the transverse
plane and 16 degrees from the sagittal plane
[45-47]. The main tenant of the Ponseti’s con-
servative treatment for clubfoot incorporates
this overall understanding of subtalar joint
mechanics. In order for the body of the calca-
neus to evert, the anterior process of the calca-
neus must first abduct [48] (Fig. 12.4).
Abduction of the anterior process of the calca-
neus is accomplished by abducting the forefoot
as a single unit about the rearfoot by applying
counterpressure against the lateral aspect of
the talar head. This tri-plane maneuver initi-
ated by the transverse plane abduction allows
the heel to freely move under the talus into a
more everted position with the anterior process
of the calcaneus in a more abducted and dorsi-
flexed position.

Fig. 12.4 Abduction of
the calcaneal beak
initiates eversion of the
heel. (a) In clubfoot the
anterior beak of the
calcaneus is positioned
under the head of the
talus. (b) Abduction of
the beak in relation to
the talar head will allow
correction of the heel
varus

Terminology

Clubfeet can be placed into five categories of club-
foot based upon treatment status including
untreated, neglected, recurrent, resistant, and com-
plex or atypical clubfoot [5, 49]. Untreated club-
foot is defined as a child under 2 years of age who
has not been previously treated, whereas a
neglected clubfoot occurs in a child over 2 years of
age who has not been previously treated. A recur-
rent clubfoot, or relapse, presents in a child previ-
ously treated who has re-developed equinus and
varus position of the heel. Recurrence of clubfoot
deformity is most often due to lack of adherence to
the treatment protocols and bracing (Fig. 12.5). A
resistant clubfoot is more difficult to treat conser-
vatively and usually involves an underlying neuro-
muscular disorder such as spina bifida. The
complex or atypical clubfoot is a unique and chal-
lenging entity that is treated in a different fashion
compared to typical idiopathic types. The complex
clubfoot has a pronounced calcaneal equinus, a
central crease in the arch, and a short first metatar-
sal due to forefoot equinus (Fig. 12.6).
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Clinical Assessment

When examining the neonate with a clubfoot
deformity, care is first taken to reassure the par-
ents that their child will be fine and most likely
has clubfoot by chance and without fault. A ges-
tational history and method of delivery should be

Fig. 12.5 Recurrent clubfoot. Recurrent clubfoot: note
equinus and varus heel

known. A neuromuscular examination should be
performed along with examination of the child’s
lower back (indentations/hair growth) and hips
for signs of dislocation. Once the overall assess-
ment is performed, attention is then directed to
the lower legs and feet. Care is taken to identify
any creases posteriorly or in the arch that would
indicate severe contractures. Additionally, the
rigidity of the deformity is assessed by evaluating
the reducibility of the equinus and forefoot
adductovarus. While there have been various
classification schemes, the two more frequently
cited are the Dimeglio and the Pirani systems. At
times these schemas are even used concurrently
[50]. Dimeglio et al. proposed a 20-point scoring
system based upon 4 reduction of deformity attri-
butes: equinus, heel varus, forefoot adduction
about the hindfoot, and forefoot derotation about
the talus. Each of the attributes was given up to
four points for maximum reducibility with an
additional point added for each of the following:
presence of a posterior crease, presence of a
medial crease, presence of cavus deformity, and
muscle condition [51] (Table 12.1, Fig. 12.7).
Dimeglio’s classification emphasizes reducibility
of the contracted deformity in the sagittal, fron-
tal, and horizontal planes. Pirani et al. developed
a 6-point scale giving 1 point for the presence of
each of the following clinical signs: posterior

Fig.12.6 Complex clubfoot. Complex: note equinus, plantar crease, and overall increased girth of foot and ankle along
with short hallux
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Table 12.1 Dimeglio scoring system

Reducibility is based upon the degree of contracted
deformity at:

90°-45° =4 pts

45°-20° =3 pts

20°-0° = 2 pts
0°—(=20°) =1 pt
<=20°=0
Deformity Range Points
Equinus 0—4pts
4 =90° P flexed
Heel varus 0—4 pts
4 =90° inverted
Forefoot derotation 04 pts
4 =rigid internally
Forefoot adduction 0—4 pts
Posterior crease 1 point
Medial crease 1 point
Cavus 1 point
Muscle condition 1 point
Total points 20 max 0-20

crease, presence of an empty heel, rigid equinus,
curvature of the lateral border of the foot, medial
crease, and prominent of the lateral aspect of the
talar head. The posterior crease sign implies a
posterior contracture of the ankle joint. The emp-
tiness of the heel refers to the inability to palpate
the tuberosity of the calcaneus due to rigid equi-
nus of the heel. The medial crease implies a more
medial contracture of the foot (Fig. 12.8).

Each clinical sign is graded on a point scale
with 0 as normal, 0.5 as mild, and 1.0 as severe
[52, 53] (Table 12.2, Fig. 12.9). Pirani’s classifi-
cation emphasizes foot morphology as it corre-
lates with severity of deformity; however, he
added transverse plane reduction of the forefoot
about the lateral talar head (prominent lateral
aspect of the talar head) and rigidity of the equi-
nus deformity. Attempts are being made to utilize
these classifications as predictors of treatment
types and success [54, 55].

Treatment History and Options

Plaster casts were first applied for the treatment
of clubfoot in 1838 by Guerin [44]. Early treat-
ment of clubfoot was attempted by forceful

manipulations using the Thomas wrench [44]. In
1908 Robert Jones reported favorable results if
treatment was initiated early [56]. He would first
manipulate and cast the deformity followed by
wedge resection of the tarsus only if needed. Kite
published his method in 1930 [57]. He claimed a
95% success rate, and subsequently his treatment
was popular in the orthopedic world for many
years [57, 58]. Unfortunately, Kite’s method
could not be reproduced with outcomes compa-
rable to his study. The treatment was a long pro-
cess addressing each clubfoot component
individually. Kite would first treat the forefoot
adduction by abducting the forefoot against
counterpressure at the cuboid. Heel varus was
then corrected followed lastly by improving the
ankle equinus. Repair of the heel varus was dif-
ficult, and Kite’s method was met with frequent
failures that resulted in a high incidence of surgi-
cal intervention. Recent literature has compared
Kite’s method to Ponseti’s with more favorable
outcomes in the Ponseti treatment [59-61].
There has been a paradigm shift in the surgical
treatment of clubfoot since the early 1900s. This
is due to an improved understanding of foot
mechanics and the success of the Ponseti casting
technique. Presently surgical repair is reserved
for the most difficult deformities related to
neglected, syndromic, and teratologic conditions.
Initial surgical repair was performed due to the
lack of improvement with conservative options at
that time. From a historical perspective, surgical
treatment started in the early 1900s by Codivilla
and his medial approach [62, 63]. While there
have been a variety of methods proposed in the
surgical treatment of clubfoot, there appear to be
several surgical approaches that are considered
classic surgical treatments. These include the
methods of Turco, Carroll, and Crawford. These
various incisional approaches would attempt to
alleviate structures under contracture and tighten
the soft tissue present with laxity. Turco proposed
a posterior to medial incision to isolate the
contracted tissues [64, 65] (Fig. 12.10). Norris
Carroll advocated a two incisional approach in
1990 [66]. This involved a medial incision and a
posterior incision. He further explained his tech-
nique in an article in 1993 [67] (Fig. 12.11).
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Sagittal plane: evaluation of equinus

Horizontal plane: evaluation of derotation

Fig. 12.7 Dimeglio’s classification of clubfoot

Crawford popularized the “Cincinnati” incision
for clubfoot advocating an improved exposure
and surgical scar [68] (Fig. 12.12). All these
approaches had the goal of a plantigrade foot and
being able to wear shoes. Mahapatra and
Abraham in 2016 found the Cincinnati approach
to have less wound complications and better
functional result than the Turco method in their
study [69]. Subsequent soft tissue procedures

B000

Sagittal plane: evaluation of varus
d
11 point
: 2 points
'
: 3 points |
: 4 points R 0 /
2 -20°

Horizontal plane:
evaluation of forefoot relative to hindfoot

have been described for realignment of the foot;
however, problems with scarring, stiffness, and
arthrosis have occurred [70-72]. These factors
along with the surgical complications of over-
and undercorrection have led most surgeons to
reserve surgical repair to the most resistant recal-
citrant deformities. In fact, Zionts compared a
member survey of the Pediatric Orthopaedic
Society of North America (POSNA) from 2001
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CLB
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0 5 1
MC
0 5 T1
LHT
Talar Head
None 0
Partial 5
Fig. 12.8 Maedial crease. A sign of medial contractures
Full 1
Table 12.2 Pirani scoring system PG
Rating Points
Hindfoot contracture
(a) Posterior crease 0,0.5,1
(b) “Empty heel” 0,1
(c) Rigidity of equinus 0,0.5,1
Midfoot contracture
(a) Curvature of lateral 0,0.5,1
border of foot 0 S 1
(b) Medial arch crease 0,0.5,1 RE
(c) Reduction of lateral talar 0, 0.5, 1
head
Total points: 0-6
Max =6
to 2012 and found that member use of extensive
surgical release fell from 54% to 7% [73]. Lastly, 0 °

Svehlik et al. found in their long-term prospec- EH
tive trial with a minimum 10-year follow-up that
the Ponseti-treated children had better outcomes
than the surgical group [74].

In the most neglected and resistant deformi-
ties, talectomy may be employed. These would
include rigid conditions seen in more syndromic
and teratologic conditions. Menelaus in 1971
described his results and technique of talectomy  Fig.12.9 Pirani’s schematic classification examples

Empty Heel
Easily Palpable 0
Palpable Deep .5
Not Palpable 1
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Achilles tendon

Post tibial Flex hallucis longus

Flex
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longus
Neuro vascular

Skin incision.

Deltoid lig.

Fig. 12.10 Turco posterior medial approach

for patients with arthrogryposis and spina bifida
[75]. Green et al. in 1984 discuss their favorable
results of talectomy in children with arthrogrypo-
sis multiplex congenita [76]. Chotigavanichaya
et al. described primary talectomy in patients
with arthrogryposis multiplex congenita [77].
This can be combined with tibial calcaneal fusion
and/or calcaneocuboid fusion to help prevent
future recurrence of deformities [78]. Shah et al.
proposed a treatment algorithm for non-idiopathic
clubfeet and suggested that talectomy be consid-
ered for the neurogenic and syndromic rigid
deformities [79]. El-Sherbini et al. in 2015
reported satisfactory results in 19 feet with severe
rigid equinovarus deformities with a minimum of

Talofibular lig.

Sub-talar
capsulotomy

Calcaneo-fib. lig. /

bundle

Vein
Artery
Nerve

Anatomical exposure.

Tibio-talar
capsulotomy

6.4-year follow-up [80]. Talectomy can be suc-
cessful for the rigid equinovarus deformity as
long as there is complete excision of the talus and
the tibial calcaneal axis is optimized by correct
alignment (Fig. 12.13).

The French functional method is a form of
physiotherapy that was developed in the late
1970s and has been more popular in European
countries [81]. The treatment involves daily
manipulation and stretching of the medial soft
tissues to allow the navicular to move laterally
away from the medial malleolus. The manipula-
tion is followed by splintage. The French tech-
nique is somewhat labor-intensive, but results of
treatment have been favorable [82]. Some authors
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Fig. 12.11 Medial and posterior approaches as advocated by Dr. Carroll
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have advocated combing both the French method
and Ponseti technique to achieve improved func-
tional motor function [83].

The use of distraction histogenesis (Ilizarov
technique) has been reported as being successful
in the treatment of pediatric foot deformities
[84-86]. The Ilizarov technique has been uti-
lized in the treatment of clubfoot especially in

Posterior

the neglected and recurrent types [87-97].
Ilizarov’s principle of “tension stress” demon-
strates distracted tissues becoming more meta-
bolically active and regenerative. An alternative
form of external fixation for CTEV was reported
by Joshi in 1999 [98]. Joshi found his alternative
to circular fixation to be easier in application and
technique and used non-tensioned K-wires in the

Fig. 12.13 Pre- and post-clinical and radiographic
appearance of severe equinovarus foot with talectomy
(Reproduced by permission- El- Sherbini). (a) Pre-op

clinical and radiographic of the right foot. (b) Post-
operative clinical and radiographic appearance of the
right foot
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Fig. 12.13 (continued)

tibia, calcaneus, and metatarsals connecting
them with rods. Essentially, this created a mono-
lateral form of external fixation for the purpose
of distraction and realignment. This technique
has favorable results especially when utilized in
the recurrent or neglected clubfoot [99-101].
Prem et al. also reported favorable results with
Ilizarov distraction in resistant clubfoot [102].
Bradish and Noor, Franke et al., and Barbary
et al. reported successful utilization of Ilizarov
techniques in adolescent children (approxi-
mately 8 years of age) with clubfoot [88, 103,
104]. When the Ilizarov technique is employed,
the stabilization of the talus is necessary to pre-
vent external rotation of the talus upon the fibula
during correction. Stabilization of the talus is
also important as to allow the mechanics of the
subtalar joint to facilitate abduction of the ante-
rior process of the calcaneus and subsequent
eversion of the heel. This author has successfully
employed the use of circular external fixation
with both constrained and unconstrained con-
structs for the treatment of neglected, recurrent,
syndromic, and teratologic clubfoot in older
children where initial casting was unsuccessful
(Fig. 12.14). The method of external fixation
used the rotation of the forefoot about the fixed
talar pivot point. The use of external distraction
histogenesis is an alternative to acute surgical
correction techniques as advocated by Dwyer,

Fig. 12.14 Example of multiplanar frame treatment in
neglected 12 y/o male

Evans, and Japas. When these latter methods are
performed to offer correction in skeletally imma-
ture adolescents, further shortening of the foot,
arthrosis, and premature closure of physeal
plates are possible outcomes.



12 Congenital Talipes Equinovarus

231

Delgado reported in 2000 the ability to avoid
surgery with the use of botox injections [105].
The use of botulinum toxin has also been reported
favorably by Alvarez [106]. This author has used
botox in the contracted muscle groups in cases of
syndromic and teratologic clubfoot to facilitate
manipulation and casting. While this helped
facilitate some conditions with castings, those
with more rigid contractures went on to be treated
with circular external distraction histogenesis.

Ignacio Ponseti (June 03, 1914-October 18,
2009) started his technique of conservative
treatment for clubfoot in the 1950s after realizing
that surgery left a very scarred and stiff, non-
functional foot that often required additional sur-
geries. He based his concepts on the understanding
of foot mechanics initially described by the French
anatomist Farabeuf and later by Huson in his dis-
sertation [4, 44]. The main premise of treatment to
be understood is that the anterior process of the
calcaneus must first abduct before heel eversion
can occur. This is accomplished by abducting the
forefoot with counterpressure being applied at the
lateral aspect of the talar head. Even though
Ponseti developed this technique in the 1950s, it
did not become popular until the 1990s with the
advent of the Internet [107]. Frustrated parents
would compare clubfoot treatment results on the
Internet yielding a renewed interest in Ponseti
technique. Presently, the Ponseti technique is con-
sidered the “gold standard” in the treatment of
idiopathic clubfoot. There are numerous articles in
the current literature that support this technique as
the first treatment option for idiopathic clubfoot
[108—117]. Ponseti and Smoley reported on their
series of 67 patients with 94 clubfeet in 1963 [48].
They had 5-12 years of follow-up and reported
71% good results. Laaveg and Ponseti in 1980
reported on 104 feet in 70 patients yielding good
results in 88.7% of the cases [118]. Ponseti in
1992 stated that he had an 89% success rate but a
recurrence rate of 50% [119]. At that time he was
recommending splinting for only 2 years after his
treatment. Later studies would recommend a lon-
ger period of splinting (4-5 years) in an attempt to
resist the aggressive collagen synthesis up until
this age. Recurrence rates would then decrease
with improved adherence to the treatment plan and

duration of splinting [110]. In 1995 Cooper and
Dietz reported on a 30-year follow-up of patients
treated with Ponseti technique [120]. They studied
45 patients with 71 clubfeet and found that 78%
had good to excellent results. In 2002, Herzenberg
reported that his control group of standard serial
casting (Kite’s method) had 32/34 posterior medial
surgical release (PMR) and those treated with
Ponseti technique had only 1/34 PMR [121]. In
2006 Dobbs et al. reported on 34 patients who
underwent an extensive soft tissue release with a
mean follow-up of 30 years. Their results illus-
trated the poor foot function and decreased quality
of life in patients undergoing surgical treatment
for the correction of clubfoot [1]. In 2006 at the
Pediatric Orthopedic Symposium of North
America, Lovell et al. reported on a 50-year fol-
low-up on patients treated for idiopathic clubfoot
with Ponseti technique exhibiting satisfactory
long-term results and function [122]. Since then
there have been many articles in the literature that
support the Ponseti technique as the primary
method in treating idiopathic clubfoot [61, 72,
115, 123]. Gray et al. in their 2014 Cochrane
Review of 14 trials with 607 participants found
lower post-treatment Pirani scores in the Ponseti
group versus the Kite group [61]. Patients in the
Kite group also required more extensive surgery
after initial treatment. Additionally, the Ponseti
technique is also being utilized in neglected club-
feet in older children [124—128]. With the under-
standing of foot mechanics and Ponseti’s
principles, this conservative manipulation tech-
nique is being successfully utilized in previously
resistant cases such as arthrogryposis [129, 130],
in older age groups with neglected clubfoot [124,
127, 128, 131], and even in a reverse Ponseti tech-
nique for the treatment of rocker-bottom flatfoot
and vertical talus [132].

Treatment Protocols: Ponseti

Ideally the conservative treatment for clubfoot
should begin as soon as possible after birth and is
best within the first week when the condition is
more amenable to manipulation and casting. This
also may be due to the practitioner’s expertise as
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some authors advocate treatment after the first
30 days of birth to 3 months [54, 133].
Microscopically, the collagen fibers have a wavy
appearance known as crimp. It is the stretching
of the collagen and subsequent reappearance of
crimp after several days that allow the casting
technique to be successful [53]. Additionally,
Pirani et al. reported on MRI studies demon-
strating that joint adaptation and realignment
has occurred after casting [134]. A CT study by
Ippolito also confirms realignment [135]. In
Ponseti’s conservative manipulation treatment
protocol, the foot deformities of cavus, adduc-
tion, and varus are all treated simultaneously,
and the equinus is treated last. The initial cast
focuses on the cavus deformity by supinating
the forefoot while abducting against counter-
pressure on the lateral aspect of the talar head
(Fig. 12.15). Ponseti identified a common error
attempting to get the foot down by pronation.
Pronation of the foot is an absolute contraindi-
cation that increases the deformity. The forefoot
is in varus and any attempt to pronate the fore-
foot will increase the amount of cavus.

Fig. 12.15 First cast

Subsequent manipulations and casting are con-
tinued until the abduction of the foot relative to
the leg is approximately 70 degrees. These 70
degrees is a result of motion about the subtalar
joint, midtarsal joint, and foot compared to the
leg. The average number of treatments to reach
this stage is three to six (Figs. 12.16 and 12.17).
However, each child is different and manipula-
tions are not stressed or forced to achieve that
goal. It sometimes takes more treatment utiliz-
ing a gentle stretch to resistance. Gentle manip-
ulations and casting with plaster (Gypsona®)
are performed each visit. It is important for the
infant to be relaxed and comfortable. Preferably,
it is advisable to feed the child during manipula-
tions and casting. It is also desirable to have two
people involved in the casting. One person
maintains the foot in its corrected position,
while the other molds and applies the plaster.
The manipulations involve performing Ponseti’s
maneuver. The thumb of the left hand is against
the lateral aspect of the talar head of the baby’s
right foot and the right hand with full contact
along the plantar surface of the foot, abducting
the forefoot against the counterpressure of the
left thumb (Fig. 12.18). Manipulations and cast-
ing are performed to resistance and never forced.
Ponseti advocated casting to the groin above the
knee in order to be able to abduct the foot around
the talus and relative to the lower leg.
Additionally, in treating the infant, the long leg
cast helps to prevent slippage. Webril® padding
is applied from the toes to the knee. Plaster is
then applied over the padding while molding the
foot and posterior heel. The foot is held in its
new position with Ponseti’s maneuver while the

Fig. 12.16 Casting series. Photo by author from Dr.
Ponseti’s clinic showing typical casting series
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Fig. 12.17 Typical sequence from initial presentation, first cast, and third cast to final presentation



234

D. J. Hatch

Fig. 12.18 Ponseti’s maneuver. Note that the entire plan-
tar surface of the child’s foot is in contact with the length
of my fingers. I am also supinating the forefoot with

cast hardens. Care is taken to avoid excessive
pressure at the lateral aspect of the talar head
that may result in a pressure sore. The plaster is
snug on the lower leg and it must be very well
molded. Padding is then applied over the proxi-
mal portion of the cast to the groin with the knee
bent at 90 degrees. The plaster above the knee
may be applied with more gentle tension. The
toe of the cast is open to visualize vascular status
of the digits (Fig. 12.19). An average of six casts
are applied with the final ones focusing on the
ankle equinus component of the deformity. If
resistance is met in correcting the equinus, the
decision for a tenotomy of the Achilles tendon is
considered. The tenotomy is performed an aver-
age of 85-90% of the cases and is a safe proce-
dure for those with the knowledge of the anatomy
[136]. It can easily be done in a clinic setting
with local anesthetic, thus avoiding a general
anesthetic at this age. Grigoriou et al. found that
an Achilles tenotomy was as useful as an Achilles
tenotomy and posterior capsular release in club-
foot treatment [137]. Therefore, these authors
did not recommend a posterior capsular release.
Before the procedure a topical anesthetic cream
is applied for several hours under occlusion.
After a surgical prep, a small subcutaneous
wheal of 1% lidocaine plain is created over the
Achilles tendon approximately 1 centimeter
above the superior aspect of the os calcis. Care is
taken to avoid using too much fluid to obscure

abduction against the left thumb pressing against the lat-
eral aspect of the talar head

Fig. 12.19 Typical cast appearance

palpation of the Achilles tendon. Holding the
foot in dorsiflexion to create tension on the
Achilles tendon, a small stab incision is made
with a beaver blade (e.g., #67) adjacent to the
tendon. Palpation of the tendon is performed,
and it is transected in its entirety such that a
noticeable release is felt and heard. After the
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tenotomy, a final cast is applied for 3 weeks. The
tendon heals quite readily in this time frame.
Ultrasound studies have shown that healing is
complete at this time frame [138]. The cast is
then removed. And an application of straight
lasted shoes on an abduction bar with the amount
of abduction set at approximately 70 degrees for
the involved foot/feet (Fig. 12.20). Initially, this
splint is kept on for 3 months at 23 hours per day.
Thereafter, the use of the splint is maintained on
for naps and sleeping averaging approximately
16 hours per day. Periodic evaluations every
4 months are made to assess adherence to treat-
ment plan and monitor growth and any chance of
recurrence [139]. Later in his career, Ponseti
advocated splinting while sleeping until the age
of 5 to help reduce the chance of recurrence.
Ponseti believed the rapid rate of collagen syn-
thesis beginning at birth contributed to recur-
rence of the deformity and started to taper down
at the age of 5 [4].

Other adjunctive treatment options have been
utilized with casting techniques and include the
use of the French method, especially after com-
pletion of the Ponseti casts, and the use of botuli-
num toxin as reported by Alvarez.

Fig. 12.20 Splinting
types

Relapses

A relapse in the treatment of clubfoot is a partial
recurrence of the original deformity usually as a
result of premature cessation of treatment [140].
This condition is mostly exhibited by equinus
and supination of the foot (Fig. 12.5). Periodic
monitoring of the patient after initial treatment
(every 3—4 months) is recommended to check for
any signs of relapse and proper fit of the shoes
and brace. Relapses are infrequent after the age
of 5 in part due to the maturity of the collagen
fibers. However, it may occur even at the age of
11 as reported by Morcuende [141].

Treatment of a relapsed clubfoot begins with
repeat serial casting followed by bracing. If the
equinus component is not corrected to 10° dorsi-
flexion after 4-5 casts in a child less than 4 years
of age, then a repeat tenotomy may be necessary
[142]. After development of the primary ossifi-
cation center of the lateral cuneiform and in
children over the age of 3, a tibialis anterior ten-
don transfer may be performed if there is
dynamic supination of the foot [143, 144]. The
treatment of a recurrent clubfoot by the tibialis
anterior tendon transfer is supported by various
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authors [145-147]. Corrective casting is
employed initially, in part, to improve the align-
ment of the foot in order to achieve a better func-
tional transfer of the tibialis anterior due to
improved alignment [144]. This technique has
been described by Dr. Vincent Mosca in the
Global Health monograph edited by Dr. Lynn
Staheli [53]. The tibialis anterior tendon transfer
procedure is performed by a two incisional
approach: one is over the insertion of the tendon
and the other over the third cuneiform. Incision
placement is aided by the use of fluoroscopy.
The tendon is carefully freed from its attachment
and tagged with 2-0 absorbable suture. It is
passed subcutaneously to the lateral incision
keeping the superior retinaculum intact
(Fig. 12.21). A drill hole is made in the lateral
cuneiform, and the tendon is passed through the
hole under tension while the foot is held in dor-
siflexion. Keith needles are utilized and passed
through the bottom of the foot and tied over
rolled gauze and sterile button. The above knee
cast is applied for 6 weeks to facilitate tenodesis.
Usually bracing is not needed afterward.

Fig. 12.21 Intra-operative photo of tibialis anterior ten-
don transfer

Complications

While the Ponseti method is a safe and reliable
method for treating idiopathic clubfoot, compli-
cations may arise during treatment. Majority of
these are usually due to casting errors and include
overcorrection, rocker-bottom flatfoot deformity,
lateral displacement of the fibula, flattening of
the talar dome, and atypical clubfoot [148].

Overcorrection is usually isolated to abduc-
tion of the forefoot at Lisfranc’s joint. This usu-
ally evolves after applying counterpressure along
the lateral column of the foot (cuboid) versus the
lateral aspect of the talar head.

A rocker-bottom flatfoot (Fig. 12.22) is
achieved by early dorsiflexion of the foot relative
to the leg before adequate eversion of the heel is
achieved. It is also accomplished by dorsiflexing
the forefoot alone rather than the entire foot rela-
tive to the leg. The example in Fig. 12.22a was
treated successfully by a “reverse Ponseti” tech-
nique to help realign the talonavicular joint.

Lateral displacement of the fibula occurs when
the talus externally rotates within the ankle mor-
tise and usually occurs when the heel is still
locked in a varus position. Counterpressure
against the lateral aspect of the talar head is
important in preventing this complication. A flat
talar dome may be seen on a lateral projection
radiograph and is usually due to excessive exter-
nal rotation of the foot to the lower leg.

The atypical clubfoot is an entity that may
include clubfoot associated with other conditions
that may make it more difficult to treat. These
include syndromic, teratologic, and neurogenic
conditions. A unique, atypical clubfoot that occurs
during the casting process in otherwise normal
children is called complex or resistant clubfoot
[149]. This foot type is usually increased in girth
and has a pronounced equinus component to it
both at the ankle and the forefoot. This results in a
plantarflexed first ray giving the hallux a shorter
appearance. The complex clubfoot is stiffer foot
and also presents with a central crease in the arch
(Fig. 12.6). The metatarsals are plantarflexed in
addition to the heel. Any attempt at reducing heel
varus in the usual fashion will lead to hyperabduc-
tion of the metatarsals. There are various theories
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Fig. 12.22 Example of rocker-bottom foot. (a) Pre-treatment. (b) Post-treatment (reverse Ponseti)

S

clubfoot Note

Fig.
increased girth, hyperemia, and taut skin along with short
appearing hallux

12.23 Complex appearance.

regarding the etiology of atypical clubfoot rang-
ing from error in treatment to a sympathetic-
mediated response during treatment (Fig. 12.23).
While chronic regional pain syndromes have been
reported in pediatrics, this has not been well docu-
mented in infants [150]. The complex clubfoot is
a condition that occurs during treatment of club-
foot and not at the onset. An initial sign of concern
to the practitioner is when the toes appear to be
retracting within the cast (Fig. 12.24). The treat-
ment for complex clubfoot is modified to address
the unique nature of the deformity. After applying

e

Fig. 12.24 Toes appear retracted in cast

standard Ponseti technique and getting the foot to
approximately 30 degrees of external rotation,
attention is directed to address the equinus com-
ponent. The clinician’s thumbs are pressed along
the first and fifth metatarsals, while the index fin-
gers are on the head of the talus. The cavus and
the equinus components are addressed simultane-
ously . A tenotomy of the Achilles tendon in these
cases is most always necessary.

Summary

While the Ponseti technique is presently consid-
ered the “gold standard” for the treatment of idio-
pathic clubfoot, there are still some conditions
that may be resistant to this method and may
require surgical intervention. Most recently,
Wright stated: “The Ponseti protocol has com-
pletely changed the treatment of clubfoot with
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results so obviously superior to extensive surgical
release that a randomized controlled trial would
not be appropriate.” [72] Ponseti stated in his
book on Congenital Clubfoot: Fundamentals of
Treatment: “a well conducted orthopedic treat-
ment based upon a sound understanding of the
functional anatomy of the foot and on the bio-
logic response of young connective tissue and
bone to the changes in direction of mechanical
stimuli, can gradually reduce or almost eliminate
these deformities in most clubfeet.”
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Robert Duggan

With recreational adolescent sports participants’
number at over 35 million and growing in the
United States, the numbers of associated sports-
related injuries are increasing with lower extrem-
ity injuries presenting more frequently for care
than upper extremity injuries [1]. This chapter
will touch on a number of these factors and iden-
tify some of the injury patterns that can assist the
sports medicine physician with assessment, diag-
nosis, and treatment of the athlete child.

It is well established that exercise and well-
ness go hand in hand. Many of our young chil-
dren will participate in competitive sports that
they were first exposed to as recreational activi-
ties either in community programs or through
school activities. Levels of exercise in young
children correlate with fitness, and the lack of
exercise is seen in the obese child [2].

Since the later part of the twentieth century,
children’s free time has decreased. The trend for
less physical activity during the normal school
day and the decrease in school-related opportuni-
ties for physical activity have contributed to an
overall negative effect on the levels of fitness in
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children. The rise in organized sports has, in
many areas, replaced the “free” playtime for
many American children. With this information
the American Academy of Pediatrics made its
recommendation that organized sports should not
replace play activities and physical activity, but
should augment it [3].

In the child athlete, both insufficient and
excessive levels of activity can contribute to
injury in recreational and competitive sports. One
of the challenges of the sports medical profes-
sional is to find the levels of physical activity that
enhance wellness and sports enjoyment for the
child and at the same time prevent or at least limit
the number and frequency of sports-related
injuries.

Several epidemiologic studies have identified
the number of injuries in a variety of sports and
their rate of occurrence. Overuse-type injuries
have been identified as half of these injuries [4].
Herring and Nilson have defined overuse injuries
as “repetitive application of submaximal stress to
otherwise normal tissue, overwhelming the nor-
mal repair process” [5]. A significant number of
these sports-related injuries are associated with
the lower leg, ankle, and foot [6]. In a retrospec-
tive study, Stracciolini looked at 2133 charts at
Boston Children’s Hospital and found that female
athletes had more overuse injuries (62.5%) than
males (41.9%). The remaining percentages were
listed as traumatic injuries. The lower extremity
accounted for 60.2% of all injuries in the samples
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Table 13.1 Risk factors for overuse injuries in children

Extrinsic risk factors
Training workload
(intensity, time)

Training and competition

Intrinsic risk factors
Growth-related factors

Previous injuries

schedule
Previous level of Equipment/footwear
conditioning
Anatomic factors Environmental
Psychological and Sport technique

development factors

Athlete specific Psychological factors

Adult and peer influences
Adapted from DiFiori [10]

reviewed [7]. Track-related injuries in children
and adolescents treated in emergency depart-
ments have increased from the early 1990s. High
school track athletes have a lower extremity
injury rate of 58.2%, with foot and ankle injuries
comprising a total of 30.2% [8].

There are several intrinsic, as well as extrinsic,
factors that are associated with sports-related
injuries in the child [9].

Table 13.1 lists some of the risk factors that
can influence the occurrence and rate of overuse
injuries. Intrinsic factors are those things specific
to the individual. Extrinsic factors are indepen-
dent to the individual child. It is reasonable to
also include current illness and/or injuries.

In recent years, the practice of early single-
sport specialization has come into question. Not
only have athletes chosen a single year-round
sport at earlier ages, but the intensity of exercise
and activity has increased. There is little data to
show that early single-sport specialization
improves long-term or future athletic perfor-
mance. There is, however, significant evidence
that shows increased hours of participation in
training and intensity correlate directly with
overuse-type injuries [11].

It has also been questioned whether early
single-sport specialization has a long-term over-
all permanent health benefit for the child, despite
some athletes having significant early sport skill
development. With increased sport specialization
in our young athletes, training intensity increases.
Coaching time is increased and skill levels are
trained to higher expectations. The American

Table 13.2 Recommendations regarding intensive train-
ing and sports specialization

Participate in activities at the child’s skill level
Ensure coaches are knowledgeable and trained in
physical, technical, and psychological aspects of
coaching children as well as knowledge of equipment
and competition

Early and adequate recognition of injury especially
overuse-type injuries

Recognize signs and symptoms of overtraining
Ongoing nutritional assessment with attention to
calories and vitamin intake

Educate all those involved including parents in
heat-related conditions and prevention

Pediatrics [13]

Academy of Pediatrics has made specific rec-
ommendations in 2000 regarding intensive
training and sports specialization in young ath-
letes. Table 13.2 describes these recommenda-
tions [12].

Cuff et al. found that student athletes that
played all year had 42% more overuse injuries
than those that played fewer seasons [14]. There
is also evidence that injury increases as the ratio
of time in organized sports to the time spent in
free play increases. A ratio of greater than 2:1
time spent increases injuries. The overwhelming
type of injury was found to be overuse type at
67.4% and acute injury at 32.6% [15].

It is reasonable given the current information
available that early single-sport specialization
can increase the risk for injuries in our young
athletes. The pressure for early success and
efforts to improve performance may not be in
the best interest in the young athletes’ health.
Decisions regarding treatment of injuries in
young athletes and the eventual return to athlet-
ics have significant roles for the sports medicine
professional. Several factors must be taken into
consideration when advising a young athlete on
sports injury and their return to play. Those
treating the athlete should not only have exper-
tise in foot and ankle treatment, but they must
also have significant knowledge of the individu-
al’s sport and the athlete’s role in that sport. The
sports medicine practitioner must have a work-
ing knowledge of the athlete’s needs and the
total demands of each sport. Healing of an
injury must be evaluated and compared to the
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ability of the athlete and the injured part to with-
stand the demands of the sport upon return to all
or part of the sport. Consideration of the impact
on family, school, and the young athlete espe-
cially must be reassessed often as the healing
process progresses.

Not only is the physical injury a concern in
our young athletes, but psychological and social
concerns exist as well. Our young athletes place
significant value in their ability to play sport and
often have identity as team members. Adolescent
athletes with self-reported injuries had lower
quality of life scores than uninjured adolescents.
Not only were these scores related to physical
functioning, but the injured athletes had lower
scores in social and global functioning [16]. This
means that a segment of injured young athletes
may be unable to manage the complexities of the
athletic injury without help. Again, early recogni-
tion of these situations is critical to full recovery
and return to activity and competition. Every
effort should be made to assure the total return of
the young athlete’s pre-injury life activities,
including social and academic function. Failure
to heal the whole patient will compromise the
return of wellness.

Strength Training in the Young
Athlete

An additional feature of early sports specializa-
tion in young athletes is the additional concen-
tration on resistive strength training. As young
athletes become more focused on a single sport,
the culture of competition often will add to the
training of the young athlete. One of the areas
included is strength training, not to be confused
with weight lifting, which is usually a competi-
tion aimed at highest weight totals lifted.
Resistive weight training is designed to
strengthen the total athlete in an effort to both
increase protective muscular strength and
increase physical performance. The acceptance
of strength training by the medical community
has not always been generally the case. As
recent as 1983, the American Academy of

Pediatrics discouraged strength training in the
prepubescent and skeletally immature athlete
[17]. Early references to children and adoles-
cents incorporating resistance training discussed
the potential for muscles to increase in strength
without the associated muscular hypertrophy.
The resulting increase in strength was associ-
ated with neuromuscular activation and coordi-
nation rather than hypertrophy [18].

More recent recommendations have noted sig-
nificant benefits to the young athlete that incor-
porates a well-designed, supervised strength
training program [19]. These programs highlight
the overall strength development and musculo-
skeletal function of the young athlete. When done
with appropriate supervision and care, these
strength development programs augment normal
growth and development.

Restive strength training has also been found
to be beneficial in a growing population of adoles-
cents with comorbidities associated with obesity,
insulin-dependent diabetes, and cardiovascular
disease [20]. Exercise protocols in these patient
populations require coordination with all those
involved with the athletes’ care so that the physi-
cal limitations and physiologic requirements can
be optimized for each individual athlete. Quantity
and intensity of exercise will be a challenge
throughout the conditioning process.

Resistive training is a component of a com-
plete training program that includes cardiovascu-
lar training, flexibility, balance, agility, reaction
time, as well as other components as demanded
by the sport or activity. Daily physical mainte-
nance is required of every athlete but is learned as
a young child. Rest and sleep are vital for growth
and repair. Hydration and nutrition should be
focused on food types and their quantities and
timing of meals.

Team, coach, parents, and medical personal
all must give the young athlete guidance as the
healing process progresses. Often, external pres-
sure is felt by the athlete to return to activity,
especially when competition looms. It is impor-
tant to stress to the athlete and all those involved
that the child’s health is paramount in all deci-
sions with regard to return to play.
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Cardiovascular Training
in the Pediatric Athlete

Often used as the main method of cardiovascular
fitness development in the school setting, running
is often a major form of conditioning in the child,
as well as a cause of injury. As with all forms of
exercise, running should be thought of as a
stressor of the young body having a wide range of
effects. The continuum of running effects is
related to both intensity and duration. The run-
ning environment will affect the individual
child’s response as well. At the very least, the
dose-related individual child response to running
must be tracked to ensure positive outcome and
track the desired conditioning effect.

At levels of exercise, in this case running, that
create injury, the individual response to running
may move toward the overuse or injury spectrum.
This can interfere with the child’s growth and
development at least temporarily. Injury creates
tissue disruption and limits activity levels in the
otherwise healthy child. Time lose to injury is
also time lose to normal activity and potentially
normal development depending on severity of
injury and tissues involved.

Positive levels of running or any cardiovascu-
lar exercise can be identified through a graduated
program that allows for exercise response and
recuperation over time. Cross training, using sev-
eral forms of exercise appropriately coached, is
recommended in early childhood, in an effort to
discourage early single-sport commitment.
Studies have identified the injuries seen with run-
ning and the child athlete. In the adolescent ath-
lete, the running response is similar in both male
and female athletes. As the young athletes grow,
a shift is seen toward male to female injury ratio
changes with the female athletes having a higher
risk for overuse types of injury. There is evidence
that a modest decrease in running mileage can
reduce injury rate [21].

The History and Physical

The young athlete should have a preparticipation
physical evaluation. Screening for cardiac issues
may include special testing if risk factors are

present. Concussion protocols are now more
commonly included in preseason or baseline
evaluations. Standardly, a complete musculoskel-
etal evaluation is also included [22].

A sports medicine trained physician is the best
choice to perform preseason, the preparticipation
history and physical is a sports medicine physician.
The pediatrician with sports medicine background,
which has cared for the athlete and knows his or her
medical history and the family dynamics, is an
excellent choice for the athlete. This same physician
can give valuable insights on pre-injury status as
well, should there be an injury that needs treatment.
A discussion with the athlete’s primary care physi-
cian can be very valuable. The need for additional
testing or baseline studies can be determined prior
to increases in physical activity. This information
can be very valuable when assessing post-injury
status. The addition of balance and specific strength
testing can also be very helpful.

Comprehensive Training
and Conditioning Programs

Every sport will require some training and condi-
tioning. Preseason, in-season, post-, or out-of-
season training should be coordinated on an
individual basis and incorporated with the ath-
lete’s year-round activities to avoid overtraining
and injuries. Significant attention should be given
to rest and the athlete educated on progression of
each component of conditioning.

The American College of Sports Medicine
published its first set of guidelines for physical
activity. At that time the recommendation was for
20-30 minutes of vigorous exercise daily [23].
Following those recommendations, guidelines
have evolved from several groups, and many
groups will suggest up to 60 minutes per day of
moderate activity.

Growth and development is a hallmark of the
growing, young athlete. This growth affects the
training and performance of the child. Growth
does not occur at a steady rate and is not the same
from child to child. The child’s musculoskeletal
and neural development has unique stages of
maturation that will affect training as well as skill
development [24].
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Many organizations have suggested that chil-
dren participate in a variety of different activities.
The young athlete has many opportunities for
varied activities, and an effort should be made to
incorporate these in the growing athlete. It is pru-
dent to suggest to the young athlete to vary par-
ticipation in sport and play activities.

Exercise Intensity and the Young
Athlete

Any physical activity taken beyond the condi-
tioning level or having a duration or intensity that
goes beyond the physical maximum of the tissues
involved, without sufficient rest or recuperation,
will approach the level of tissue breakdown and
eventual injury. Every effort should be made to
gradually increase exercise intensity, so the child
can tolerate the increase without injury. Some of
the physical effects of conditioning will be
fatigue, muscle soreness, and some general dis-
comfort after maximum effort. These effects nor-
mally should resolve by the next exercise bout or
training episode. It is reasonable to conclude that
cardiovascular and musculoskeletal conditioning
not performed properly or developed gradually
can cause injury. It is also reasonable to conclude
that the absence of proper graduated types of
conditioning in young athletes may lead to
fatigue, skill deterioration, and possibly injury.
The goal of conditioning is to prepare the young
athlete for the rigors of the sport and to protect
them from injury. Training errors, such as too
much activity or conditioning, as well as non-
existent or too little conditioning, are often the
source of early season injuries. Training and con-
ditioning errors that go unnoticed can lead to
injuries at any point in the sport season. Athletes
should be examined for training error injuries or
previous injuries that may be exacerbated any
time the athlete’s progress fails to respond.

Sport Selection

Many factors can limit the athlete’s exposure to
a number of organized sports. Geographic and
cultural influences may limit the type of sport

played in neighborhoods or regions. Economics
may play a role where there is limited access to
sports that require financial investment in equip-
ment, instruction, and often rental fees for court
or playing venue time. Transportation to and
from practice and competitions can also be bur-
densome for some young athletes. These factors,
along with the ever-increasing sport skill levels
in our children, contribute to more and more
single-sport selection by a greater number of
young athletes. The hope for college scholar-
ships and eventual positions in professional
sports is often a dream of many young athletes
and their parents, even though the statistics are
against that happening. With nearly eight [8]
million high school student athletes and a NCAA
total of 480,000 college athletes, the chance of
participating in sports after high school is about
6%. The chance of receiving a scholarship of any
amount is about 2%. The average college schol-
arship is approximately $11,000 per year.
Therefore, the young high school athlete must
realize that sport enjoyment must be paramount
and that health and wellness are the long-term
goals of any successful sports program.

Coaching plays an important role in the safety
and enjoyment in sports. Experienced coaches
with sport-specific training have lower injury
rates [25]. Parents are often the major supporters
for the young athlete. Both financial and psycho-
logical supports are essential for success and
enjoyment. The balance of support and drive for
success in sport is often difficult for those close
to the young athlete. Every effort should be made
to allow the young athlete to direct the progress
and participation in sport. Athletics in the high
school athlete is an excellent time to develop per-
sonal commitment and team responsibilities. The
athletes that “own” their sport are always the
happiest.

Growth and Development
and a Pediatric Athlete

Many of the recent research on young athletes
are aimed at the potential risk vs children bene-
fit from strength training and growth and devel-
opment. Children and adolescence should be
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encouraged to participate in a variety of sports
and recreational activities to enhance their phys-
ical and psychosocial development and estab-
lish good health habits at an early age. Along
with other types of physical activity, youth
strength training has been shown to have a posi-
tive influence on several measurable indices of
health, including cardiorespiratory fitness, body
composition, bone mineral density, blood lipids,
and selected psychosocial measures [26]. With
review of current information, it appears that
strength training does enhance growth and
development if done with trained coaches and in
programs specific to each child. Running and
cardiovascular conditioning can be beneficial to
most young athletes. As with every activity,
gradual conditioning and proper, well-coached
training are essential. Medical supervision and
avoidance of adult training programs are
recommended.

Sport-Specific Injuries

In 2002, Luckstead and colleagues reported
injury rates in American youth sports. Sports
with both overuse injuries and traumatic injuries
were examined. The largest numbers of injuries
were in cross country with 61.4% chance of
injury, followed by football with 58.8%. Golf,
tennis, and swimming showed the lowest risk.
The sports that had both male and female team
participation had greater injuries in the female
teams were cross country and track specifically
(61.4% vs 43.7%) and (24.8% vs 17.3%).
Training, strength, biomechanics, and other
causes have all been implicated in possible rea-
sons for this difference [27].

Often pain is the presenting finding in the
sports injuries, and many of the young athletes are
not familiar or unable to differentiate condition-
ing discomfort with injury pain. Dalton staged
mechanical pain with overuse-type injuries.

» Stage I Pain after physical activity

» Stage II Pain during physical activity with no
impact on function (can continue participating
in activities)

e Stage III Pain during physical activity that
lasts all day and has no impact on function
(need to decrease or even stop the activities)

e Stage IV Pain during all physical activities,
even basic musculoskeletal functions [28]

The Foot- and Ankle-Specific
Injuries and Injury Patterns

The cavus foot is a poor accommodator to ter-
rain changes and can be associated with many
injuries. Metatarsalgia, stress fractures, recur-
rent inversion ankle sprains, as well as plantar
fasciitis and cuboid injuries are all seen in this
foot type. Peroneal tendon injuries are seen
often (Fig. 13.1). Many chronic peroneal inju-
ries are seen because of the mechanical position
of the peroneal tendons. The peroneus brevis
can develop stenosing tenosynovitis because of
the “sawing “action of the peroneus longus rub-
bing against the brevis. This is exacerbated in
the cavus foot when the mechanical advantage
of the longus is increased at the level of the
cuboid. This mechanical advantage is less in
the flat foot as the angle at the cuboid groove is
less acute [29].

Os peroneum friction syndrome has been
reported as well. The lateral plantar foot is fre-
quently painful at the region where the peroneus
longus and peroneus brevis intersect. The pres-
ence of an os perineum bone can be seen in

OBLIQUE

Fig. 13.1 Ten-year-old male athlete with pain at the fifth
metatarsal base at the peroneus brevis tendon insertion
site. This is a normal appearance of the growth plate
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approximately 5—-14% of asymptomatic individu-
als. The radiographic presence is 5% [30].

Chronic irritation in this area and mechani-
cal stress can injure the os peroneum to the
point of fracture (Fig. 13.2). Often the athletes
can be rested, braced, and returned to activity,
but may present with chronic pain that fails
conservative care. Excision of the fractured os
peroneum is often necessary. Surgical excision
and repair as needed of the peroneal complex
has shown good results. The athletes often
return to full activity without compromise to
function and mobility [31].

Often seen on standard radiographs of the
foot and ankle, accessory ossicles and sesamoid
bones are frequent findings. The os trigonum is
one of the largest and most common ossicles
found in the foot seen in approximately 1-25%
of the population. It is located in the posterior
talar region and is connected to the talus by
fibrocartilaginous structures forming a synchon-
drosis. In those athletes where the os trigonum
is present from a previous fracture (called a
shepherd’s fracture), the area can be chronically
painful and irritated secondary to impingement
of the os trigonum with tissue associated with
the flexor hallucis longus tendon. Conservative
treatment is often successful, but with continued
pain and inability to perform, resection of the os
trigonum is often needed to return the athlete to
full function.

Fig. 13.2 The location where the peroneus brevis and
peroneus longus tendons intersect is a very common place
for pain in the young athlete. An os peroneum is present
and has actually fractured secondary to continued stress
on the area

Accessory Navicular

The accessory navicular bone is present in approx-
imately 1.7-7.7% of patients. First described by
Bauhin in 1605, the structure is identified as a
bony prominence medial posterior to the tarsal
navicular. The type II accessory navicular, which
is a persistent accessory ossification center of the
navicular itself, is often an injury pattern associ-
ated with the synchondrosis between the ossicles
in the body of the navicular. Athletes will com-
plain of pain swelling and inability to function at
this level. This entity is often associated with a pes
planus foot type and decreased propulsion com-
plaints by the athlete. Initial treatment consists of
bracing, icing, and rest. The athlete may also ben-
efit from orthotic therapy to decrease the stress on
the tendon insertion of the tibialis posterior. Those
athletes that fail conservative treatment may prog-
ress on to surgical resection of the bone with repair
of the tibialis posterior and its tendinous insertion
on the navicular. MRI is often used not only to
identify navicular body changes but also to moni-
tor the progress of healing [32].

Navicular Stress Fracture

Stress fracture to the navicular in our young ath-
letes is not common. Overall track athletes will
show a 20% incidence of stress fracture [33].
Often pain, swelling, and point tenderness to the
navicular can be diagnostic for this condition
when it is associated with an increase in exercise
intensity and/or duration. Keys to treatment
include rest, decreased weight-bearing, and a
slow return back to activity. Return to activity too
soon will exacerbate the condition. Frequent
monitoring and sequential radiographs can be of
some value in a more difficult condition. In our
younger athletes, care must be taken to prevent
vascular compromise to the navicular and pro-
gression of the deformity.

Cuboid Injuries

The cuboid is injured secondary to stress
applied often as the lateral side of the foot
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abducts, compressing the bone against the cal-
caneus. Cuboid stress injuries are often seen in
athletes with increase in training intensity and/
or duration. Injuries to the cuboid are difficult to
initially diagnose because of nonspecific find-
ings of pain. Limited swelling to the lateral foot
is often seen, and standard foot radiographs are
often within normal limits. Persistent pain with
compression of the cuboid on physical exam,
and information obtained from special studies
such as MRI or bone scan, can confirm the diag-
nosis of cuboid injury. Findings are often non-
specific swelling that can progress to a stress
fracture diagnosis. Treatment includes rest, ice,
and decreasing abductory forces to the foot.

Exercise-Induced Compartment
Syndrome

Lower leg injuries in the child athlete can often
be seen as a continuum of stress. The compart-
ments of the lower leg function routinely without
insult in most children. In some cases, the sec-
ondary effect of conditioning or running, with or
without a specific history of injury, can cause
chronic exertional compartment syndrome
(CECS). This condition presents with pain with
running. The pain is reproduced at consistent lev-
els of exercise or distance of running. The pain is
limited to one or more fascial compartments of
the lower leg. The pain of CECS is often associ-
ated with a complaint of numbness or other neu-
ritic complaints because of the intercompartmental
pressure placed on the neurovascular structures
that are compressed in the associated compart-
ment. The condition is considered a diagnosis of
exclusion because of its infrequent diagnosis.
MRI and nerve conduction studies are recom-
mended to rule out structural and functional
changes to the neuromuscular structures.
Intercompartmental pressures can be measured
both at rest and after exercise to confirm the diag-
nosis of CECS. A noninvasive test that can be
done in an office setting is perceived pain index-
ing of the compartments of the lower leg using a
sphygmomanometer. The cuff is inflated on each

leg, and the patient is asked to notify the test or
when the area is painful. The patient is then exer-
cised, and the sphygmomanometer cuff is inflated
again with the patient identifying the point of
pain once again. Patients with CECS will often-
times have a post-exercise sphygmomanometer
reading of approximately 50% of the pre-exercise
reading. This test can indicate the existence of
CECS but is not specific to the compartment
involved. Physical therapy, anti-inflammatory
medicine, and rest are all included in the treat-
ment plan for these patients. Patients would have
to fail conservative care before surgical release of
the involved compartment is considered.

Osteochondritis
Freiberg's Infarct

The most common location of a Freiberg-type
injury is the second metatarsal. Freiberg’s disease
has a 5:1 female predilection [34]. The injury is
first seen as a painful swollen joint of the
metatarsal-phalangeal articulation. The evidence
is not definite on the mechanism of injury. There
is an injury, either contusion or stress related, that
causes injury to the region of the subchondral
metatarsal head. This may have primary and/or
secondary vascular compromise that causes col-
lapse of the subchondral bone. Over time, the
metatarsal head presents flattened and does not
allow normal metatarsophalangeal joint motion.
The patient may not present for care until an
additional injury is sustained or the area is noted
on a subsequent radiograph.

Koehler’s Disease

Osteochondritis of the tarsal navicular is
thought to also be a pathology that may be
related to vascular injury to the bone with or
without compression force injury. The architec-
tural change is seen in the disc appearance of
the bone often referred to as “silver dollar”
navicular. Treatment is based on off-loading the
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bone as well as immobilization to allow revas-
cularization of the injured bone. This condition
stresses the need for strict monitoring of the
athlete’s condition to ensure architectural
changes do not present in conditions of stress
and inflammation of the navicular.

Sever’s Disease and Calcaneal Stress
Fracture

Another injury more commonly identified is a
calcaneal stress fracture. The most common
sports resulting in this injury are gymnastics and
jumping sports (Fig. 13.3). The gymnast’s foot
that has an open calcaneal growth plates can
develop an inflammatory condition because of
chronic traction and compression of the enthesis
of the Achilles tendon. This area develops a level
of inflammatory conditions that is called Sever’s
disease. A growing number of injuries to the cal-
caneus are being seen in female gymnasts. The
intensity of training and the numbers of landings
that contuse the heel in conjunction with errors in
technique create a situation at the posterior heel
where the ground reactive stress to the inferior
calcaneus is opposed to the pull of the Achilles
tendon. This, in addition to a contusion mecha-
nism of the calcaneus, has led to an increase in
calcaneal stress fractures involving the calcaneus
apophysis.

LATERAL

L

Fig. 13.3 Notice the calcaneal stress fracture in this
young female gymnast. This is common secondary to the
repetitive impact and stress on the heel in these athletes

Talar Stress Fracture

The talus in young athletes has more recently
been implicated in more injury patterns. Stress
fractures to the talar body are more and more
common in elite female gymnasts. Gymnastics
and dance activities have a greater number of
confirmed talar stress fractures. The studies on
talar body stress fractures, in females aged 15-17,
have all reported early normal radiographs [35].

Events of floor exercise and vault require a
landing of the athlete that often hits the heel on
the ground with significant frequency. As the ath-
lete progresses in skill and strength, the force on
landing increases. As the frequency of landings
increases, due to the requirements to develop
skill, the talus accepts a substantial force. Talar
stress fractures are becoming more common in
the higher-level gymnasts. The athlete presents
with anterior ankle pain with mild to moderate
swelling. The clinical hallmark of this injury is
pain on palpation of the talar neck. Often, only
high-definition MRI will show definitive evi-
dence of a talar stress fracture. Removing the
repetitive impact is the treatment of choice.
Often, immobilization is not necessary. Four to 6
weeks is not an unusual time frame for healing,
with gradual return to activity being the
recommendation.

Sesamoid Apparatus Dysfunction

The author has grouped injuries to the sesamoids,
first metatarsophalangeal joint capsule, and
extensor hallucis longus tendon under one collec-
tive group called sesamoid apparatus dysfunc-
tion. This group of structures is rarely injured
alone. Often a turf toe-type injury is sustained,
and the associated first metatarsal phalangeal
joint capsule swells secondary to frank tissue
damage or associated with compensatory change
in gate. As movement of the sesamoids is limited,
the extensor hallucis longus tendon is strained in
its effort to dorsiflex the joint. This creates more
swelling and sesamoid movement decreases. The
sesamoids have approximately 12-14 mm of
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movement on the head of the first metatarsal, and
with injury, this normal movement is limited. The
sesamoids are then more prone to further injury
without their normal movement pattern. As with
any injury, the acute inflammation must decrease
and the movement pattern of the sesamoids
returned. Both metatarsophalangeal joint and
sesamoid movement must be restored for full
return to activity, or the joint is destined for rein-
jury. Metatarsophalangeal joint distraction, meta-
tarsophalangeal joint glides, and sesamoid
rocking are all techniques that can be used to
reestablish normal sesamoid apparatus function.

Tendon Injuries in the Pediatric
Athlete

Tibialis Posterior Tendon Injuries

When tibialis posterior tendon injuries are seen
in a child, they typically have a more pronatory
and abducted foot position. The most common
area of tenderness and inflammation is the area of
maximum angular change in the tendons course.
This is just posterior and inferior to the distal
tibia and is also the most common area of
tearing.

Treatment consists of efforts to decrease
swelling and inflammation. Ice, rest, or bracing is
useful. Orthotic management of contributory
mechanics is useful in those cases. Identifying
the apex of the pathology is critical. The tendon-
bone interface at the navicular can represent an
area of intense pain. This area can also have asso-
ciated with it a navicular tuberosity fracture or
accessory navicular that can influence the healing
process. Surgical repair of the tibialis posterior
tendon is reserved for those injuries that fail con-
servative care.

Tendon-Bone Interface or Enthesis
Injury

Accessory ossicles have also been implicated in
athletic injuries. Children can develop tendon/
accessory bone pain as they grow. As body weight

and level of activity increase, the potential for
injury to the tendons of the foot can occur. The
Achilles tendon is often implicated in Sever’s
disease, as well as in conditions that are associ-
ated with progressive or long-standing ankle joint
loss of motion. The equinus-type position creates
stress to the tendon that increases at the propul-
sive phase of gait. This condition is often bilat-
eral and may or may not be associated with a
specific injury event. The treatment is directed to
increase ankle range of motion both with the
knee straight as well as with the knee bent.
Subtalar joint mobilization and strength balanc-
ing of the lower leg are indicated.

The tibialis posterior tendon has also been
associated with painful foot complaints. The
association with a mild to moderate flatfoot struc-
ture can be an aggravation to the young athlete.
Pain associated with the tendon as it passes the
medial malleolus as well as pain at the level of
tendon insertion at the navicular bone is seen and
slips to adjacent bone. A significant accessory
bone is often the most difficult pathology to
resolve in young athletes. The navicular can have
a hypertrophic tuberosity or sustain a fracture.
Posterior tibial tendon dysfunction is a chronic
condition that has its etiology with conditions
often seen in the growing child. The clinician
must differentiate the apex of the deformity and
the tissue planes involved. As with all injuries,
this differentiation is the crucial part of deciding
a treatment plan. If the accessory navicular com-
ponent cannot be relieved using a resting brace
and physical therapy, the bone is removed in
those that fail the conservative treatment. The
tendon is repaired as necessary and the insertion
assured its position on the navicular.

Lateral Ankle Sprain

The young athlete is at risk for ankle sprains. The
most common athletic injury seen is the lateral
ankle sprain. They also have the highest recur-
rence rate [36]. Recurrence of the lateral ankle
sprain is likely in one of three high school ath-
letes. Many may have ongoing issues with the
ankle [37].
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Young athletes sustaining lateral ankle sprains
begin by following a common course of treat-
ment. The apex of the injury of the lateral ankle
is, in many cases, the focus of the treatment plan.
Early immobilization of the injured structure is
necessary to decrease pain and swelling. Once
the athlete is able to weight-bear, aggressive
physical therapy modalities are used to decrease
swelling, as well as to decrease disuse changes to
the rest of the foot and ankle. Range of motion,
exercise strengthening, proprioception, and bal-
ance are incorporated early in the rehabilitation
program. A comprehensive examination of the
lower limb is needed to rule out osteochondral
damage of the distal tibia or talus, as well as asso-
ciated injuries to the peroneal tendon complex
and syndesmotic ligaments of the lower leg.
Dynamic bracing of the ankle, allowing for nor-
mal joint motion and limiting extreme inversion,
has been useful. Follow-up examinations of the
young athlete are important to ensure complete
rehabilitation of the sprained ankle.

Controversy exists regarding the use of lace-
up ankle brace in ankle sprain patients. Recent
studies of athletes using ankle sprain bracing
show a decrease in recurrent ankle sprains, as
well as no difference in the indices of acute knee
or other lower extremity injuries [38]. To this
point, it appears reasonable to protect post-ankle
sprain youth athletes with a dynamic lace-up
ankle brace and to follow them for any secondary
changes or for any signs of an incomplete reha-
bilitation (Fig. 13.4).

Bare Foot Running

Recent studies have listed several running injury
patterns that are decreased in the unshod or mini-
mal shoe gear runners. The injury pattern of the
Achilles tendon is lessened with the change in
position of foot strike force. It has been reported
that barefoot running or athletes using minimal
shoe gear have decreased complaints of knee
pain. There are also reports of decreased impact
stress to the single limb with running because of
a movement of foot strike farther toward the fore-
foot. Additionally, stride length is shorter in

Fig. 13.4 An ankle brace utilized post lateral ankle
sprain

unshod runners. Recently, studies have shown
that there is no mechanical or physiologic benefit
with running wearing minimal shoes as opposed
to traditional shoes [39].

It is becoming clearer that unshod running
demands training and conditioning that is similar
but slightly different than traditional shoe run-
ning. Intrinsic muscle strength of the foot must be
trained. Fatigue injuries to interossei and lumbri-
cal muscles have been identified in young runners
moving quickly from shod to unshod running. It is
also beneficial in these runners to begin training
on soft, uneven surfaces and progress slowly to
surfaces that are less forgiving. Further investiga-
tion is needed, and recommendations for young
athletes must be individualized.

High school runners in both shod and unshod
groups had increased risk for medial tibial stress
syndrome or tibial stress fracture as both intensity
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and duration of running increased. A significant
relationship was found between body mass index,
internal rotation angle, and medial tibial stress
syndrome in female high school athletes that were
runners. Also, a significant relationship was found
between limited straight leg raise stress fractures
in male high school runners [40]. This informa-
tion gives the clinician reason for preseason eval-
uation of range of motion and strength, not only in
the lower extremity but in the whole leg. One
should also use caution with intensity and dura-
tion for running in high school athletes with
increased body mass index.

Female Athlete

Male and female youth athletes have similar per-
formance capabilities up until age 10—12. At that
age female athletes begin to have more body fat
and less lean body mass than males. This can be
attributed to changes in hormone levels in both
the male and female. Additional differences
include decreased upper body strength in females,
even with strength training. Lower extremity
strength is much more similar between males and
females. Even with these differences, there is very
similar work capacity with physiologic training
for males and females. Mechanically, the female
is more likely to have an increased Q angle of the
knee, be more flexible, and have a compensatory
pes planus foot with forefoot pronation [41].

Training and conditioning in the female ath-
lete should be monitored for any secondary phys-
iological changes to maximize both conditioning
and competitive events. Exercise and running
have been shown to lower body fat in runners,
and recent studies have shown no detrimental
effects in bone mass in female runners. Close
communication with the female athlete’s primary
care physician improved both overall and physi-
cal training outcomes [42].

Overtraining and Burnout

Overtraining in children’s athletics is a common
etiologic factor leading to injury. In many cases,
signs of burnout are not recognized. Coaches,

teachers, parents, and the athlete themselves all
should play a role in early identification of burn-
out syndrome. Overtraining syndrome can be
defined as a series of psychological, physiologi-
cal, and hormonal changes that result in decreased
sports performance [43].
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Pediatric Fractures

Physiology and Anatomy of Pediatric
Fractures

Proper management of fractures through the phy-
sis in the immature skeleton is extremely impor-
tant because these injuries are common and have
a high rate of complications. There are many fac-
tors that contribute to this high rate of complica-
tion that include nature and force of the injury,
displacement of the fracture, reduction of the
fracture, atraumatic operative techniques, and
vascular injury at the fracture site both from the
injury and from the surgical repair. Complications
can be severe and life changing. Some of these
complications are premature closure of the phy-
sis and premature closure of part of the physis
which can result in a limb length deformity, joint
incongruency, and angular growth. Trauma to the
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immature ankle skeleton results in unique fracture
patterns that transform over time as the physis
closes at different levels of skeletal maturity.
Albeit the mechanism of the injury or force gen-
erated may be the same for both adult and pediat-
ric patients, the chronobiologic nature of the
pediatric skeleton will produce various fracture
patterns depending on the temporal biologic phy-
seal development. The fracture morphology in
the immature skeleton is dependent not only on
the time point of its development but also on the
location of the fracture within the growth plate.
The immature skeleton is made up of a cartilage
model that with maturation is replaced by endo-
chondral ossification of the bone [1]. In the foot
and ankle, long bone fractures can occur in the
epiphysis, physis, metaphysis, and diaphysis.
The epiphysis as it matures will create a subchon-
dral plate parallel and adjacent to the physis. The
subchondral surface is osseous and more rigid as
compared to the softer and more flexible supra
physeal surface. The perichondrium is a layer of
connective tissue that envelops the epiphysis and
blends with the periosteum. It consists of two
separate layers: an outer fibrous layer and inner
chondrogenic layer which form the growth plate,
which encircles the bone. The fibrous layer con-
tains fibroblasts, which produce collagenous
fibers. The chondrogenic layer remains
undifferentiated and can form chondroblasts or
chondrocytes. The juncture of the two
circumferential exterior structures provides
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biomechanical strength and stability for the physis
atthe zone of Ranvier [2, 3]. The physis or “growth
plate” allows for skeletal growth via endochondral
ossification. The natural epiphysiodesis that
occurs within the distal tibia and fibula is asym-
metric. The tibial physis initially ossifies centrally
and then is directed medially and posteriorly. The
anterolateral aspect of the distal tibia is the last
anatomical region to ossify. The fibular physis
normally will ossify 1-2 years after the distal
tibia. The continued development of a physis is
dependent on the ability of the epiphyseal vascu-
lature to transverse the subchondral plate that par-
allels the physis. Damage to the epiphyseal
subchondral plate can lead to vascular arrest in
various areas of the physis resulting in premature
arrest and progressive deformity. This is a well-
established surgical treatment in the management
of leg length discrepancy, but even in controlled
surgical environment, complications occur [4].
Trauma to the physis heals via endochondral bone
and cartilage formation. Three types of physeal
healing can occur. The first reparative process is
via cellular columns. This creates a temporary
widening of the physis. The epiphyseal and
metaphyseal vasculature become hyperemic pro-
ducing increased cellular proliferation at the zone
of Ranvier. This process can take 3—4 weeks until
normal anatomy has been restored. The second
method of repair occurs when there is increased
hemorrhagic and fibrous tissue within the physis
creating increased physeal displacement. In this
situation, the metaphyseal vasculature has a more
difficult means of crossing the physis to the epiph-
ysis for repair because of the cartilaginous callus
and increased damage to the cellular columns.
The chondroprogenitor cells within the perichon-
drium (zone of Ranvier) respond to injury and
contribute to articular cartilage healing [5]. The
length of time that is required for the metaphyseal
vascular to reestablish anastomosis with the
epiphyseal vascular varies and is dependent on
physeal displacement and periosteal damage and/
or imbrication. This process can take 3—6 weeks,
but final remodeling to a more normal anatomy
can take several months to a year. The third
method of physeal repair occurs when a signifi-
cant amount of physeal separation is filled with

fibrous tissue. It is critical in these scenarios that
anatomic reduction occurs to minimize the
increased physeal displacement. Failure to achieve
anatomic reduction or iatrogenic damage to phy-
sis from an open reduction procedure can result in
metaphyseal epiphyseal bony bridge resulting in
premature growth arrest and deformity [6].

The metaphysis is highly osteobiologic and is
composed of cortical fenestrations as it is matur-
ing. The porous cortical bone allows for endos-
teal nutrient channeling between the metaphyseal
marrow and subperiosteum. The anatomical
nature of the metaphysis with trabecular fenestra-
tion is what precludes a higher incidence of
torus-type fractures rather than complete fracture
patterns. As the metaphysis matures, the underly-
ing woven bone changes to lamellar bone. This
impart contributes to the cortical thickening in
adults which is fundamentally why torus frac-
tures are not seen in adults without osteopenic
disorders. The trabecular bone in the immature
skeleton is what also can cause Harris or Park
growth arrest lines. The sclerotic line, which runs
parallel to the physis, is a result from disuse after
trauma and infection. If longitudinal develop-
ment is delayed for this reason, then the spongy
trabeculations become horizontal rather than ver-
tically oriented. This will autocorrect as normal
growth and metaphyseal remodeling resumes.
The transverse visible sclerotic line will normally
disappear as they embark into the diaphysis. The
periosteum in children possesses greater osteo-
genic potential than in adults and is tightly
adhered to the zone of Ranvier. The thick pediat-
ric periosteum provides for physeal displacement
with trauma but can also interfere with reduction
if the integrity has been compromised.

Imaging

When evaluating these fractures, it is essential to
obtain the appropriate imaging. Standard radio-
graphs are usually adequate for determining the
management of physeal injuries. However,
numerous reports have advocated the use of CT
scans for assessing transitional fractures. They
are useful in determining surgical indications.
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Furthermore, if conservative management is
going to be employed after a closed reduction,
the CT scan should be obtained post-reduction. It
is also strongly recommended for determining
the fracture fragments in triplane fractures. The
CT scan along with three-dimensional recon-
struction is a useful tool in planning incisions,
placement of reduction clamps, and orientation
of screws. It also makes surgical management
amenable to minimally invasive approaches.

Closed Management of Physeal
Fractures

Most fractures in the immature skeleton that
demonstrate greater than 2 mm of articular incon-
gruency and/or physeal displacement should
undergo an attempt of closed reduction with
either conscious sedation or local anesthesia.
Determining which fractures are best suited for
closed reduction and with which type of anesthe-
sia has not been well elucidated in the literature.

Surgical Management

Many differences exist in fracture healing and
management between the pediatric and adult pop-
ulation. The pediatric patient has a thicker and
more active periosteum, which provides greater
fracture stability and leads to more rapid and reli-
able fracture healing. This physiologic advantage,
along with the ability to recover soft tissue loss,
can influence the surgeon’s urgency for surgical
management of open pediatric fractures. Overall,
the infection rate is relatively low (3%), but has
been shown to increase with higher-grade trauma.

Open Fractures

Although a modification of the Gustilo-Anderson
grading system to better suit the pediatric popula-
tion has been proposed, clinical validation is still
pending. The reality is that there are no clear
guidelines or algorithms for the management of
pediatric open fractures, and care varies among

training institutions [7]. Open fractures in the
pediatric population involving the foot most
commonly occur from lawnmower injuries and
are very destructive. This occurs when small chil-
dren are riding on a mower with a parent or chas-
ing the parent on a mower and are unseen. Open
fractures are seen in motor vehicular accidents
and fall from heights, usually involving the tibia
and forearm. Accordingly, the majority of studies
review open tibia and forearm fractures but very
few other pediatric open fractures. Very limited
information is available for the management of
the open foot and ankle fractures. Fortunately,
only 6.6% of all pediatric open fractures involve
the foot and ankle.

Pediatric Ankle Fractures
Epidemiology

Children have unique ankle fracture patterns,
which in return can lead to various complica-
tions. Children’s ankle fractures are the second
most common growth plate fractures in humans
[8]. Our goal when treating any pediatric fracture
is to restore alignment and promote normal func-
tion with ongoing growth. Unfortunately,
increased osseous and cartilaginous damage at
the time of injury is associated with poorer out-
comes such as growth disturbance, angular defor-
mities, and posttraumatic arthritis. This in turn
may lead to pain and functional deficits into
adulthood. While children may remain asymp-
tomatic with angulation of 5 degrees in the coro-
nal plane or 10 degrees in the sagittal plane, they
have shown to develop pain and degenerative
changes into adulthood [9]. Hence, anatomic
alignment should be the goal.

Ankle fractures represent about 5% of all frac-
tures and remain the most common physeal
injury in the lower extremity [10—13]. While all
children are at risk of physeal injuries, the ado-
lescent population is specifically at risk of transi-
tional ankle fracture patterns given the nature of
both the closing physis and the manner in which
it closes. Quite often the process for physis clo-
sure takes 18 months. Displacement and
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angulation guide the surgeon toward treatment
pathways. Some studies indicate that the inci-
dence of ankle fractures is higher in children with
greater body mass index [14, 15]. Thus, this may
add increased challenges to the existing complex-
ity of these fractures.

Pediatric Ankle Anatomy

The distal tibial physis closes over an 18-month
period of time for most children. The transitional
fracture patterns exist due to the anatomy of the
ankle as well as the manner in which the distal
tibial growth plate closes. In an asymmetric pat-
tern, the distal tibia’s physis closes from middle,
to medial, and finally lateral. Hence, this is the
reason for transitional triplane and Tillaux ankle
fracture patterns. As for the younger child, one
may present with Salter-Harris I injuries, as the
growth plate tends to be weaker than the robust
ligaments. With any fracture, the displacement
tends to be minimized by the thick periosteum as
compared to the adult population.

The degree of injury, displacement, fragmen-
tation, and cartilaginous injury increases the
child’s risks for degeneration over time. It is
important to educate the patient, parents, and/or
respective guardians on this issue. Once articular
cartilage is damaged by injury, overload, or wast-
ing over age, the defect site does not usually
regain original structure and function and may
undergo degeneration [5]. There is limited regen-
erative capacity of articular cartilage which is
likely due to low metabolic activity of articular
chondrocytes and scarcity of resident mesenchy-
mal progenitors [5]. While research continues to
improve with respect to cartilage regeneration, it
remains essential to obtain anatomic reduction of
the ankle joint to minimize progressive degenera-
tion that may occur from any residual deformity.
There is a certain degree of degeneration that
may take place due to the traumatic joint injury
and cartilage injury at the time of fracture despite
anatomic reduction.

When examining patients, it is important at
times to obtain contralateral x-rays as subtle dif-
ferences may be noted. These images are often
supplemented with CT scans for review of accu-
racy of reduction, gap distance of fragments, and
displacement. As transitional fractures occur near
physis closure, it is generally not the culprit for
growth arrest. Historically, x-rays have underrep-
resented these fracture patterns.

Radiographs

Plain film x-rays including anteroposterior (AP),
Mortise, and lateral views are important for ini-
tial evaluation of alignment and fragmentation.
These images can underestimate true displace-
ment [16]. X-rays significant for displacement
should lead to closed reduction of ankle fractures
and splinting to maintain reduction. The AP x-ray
shows a distal tibia Salter-Harris III fracture,
while the lateral x-ray shows a Salter-Harris II or
IV fracture. Multiple attempts at closed reduction
or inappropriate maneuvers toward reduction
have been associated with further joint damage.
A CT scan is advised for true evaluation of tran-
sitional ankle fractures following closed
reduction.

CT Scans

Anatomic reduction of the epiphysis and joint
itself is important to minimize impending defor-
mities and degeneration. After closed reduction
is performed, a CT scan is utilized to evaluate
any further step-off or gapping greater than
2 mm in any plane. Displacement of greater
than 2 mm in any plane is an indication for sur-
gery for both Tillaux and triplane fractures [17].
Eismann et al. noted an increase in operative
treatment, with 26% of cases originally assigned
nonoperative treatment when using radiographs
being changed to operative treatment after
review of CT scan [18]. As most surgical
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approaches are completed via a percutaneous
technique and/or arthroscopy, a CT scan is
essential in reviewing all fragments and location
of fragments requiring fixation.

After review of CT scans by Eismann et al.
[18], 39% of triplane fractures classified as
<2 mm displaced by radiographs were changed
to >2 mm displaced, which may have warranted
a change in treatment on the basis of guidelines
recommending surgery [8, 17, 19]. There can
be variation of fragments especially among tri-
plane fractures. Axial fracture lines determine
optimal screw trajectories for fixation [20].
Triplane fractures have historically been char-
acterized by the number of fracture fragments.

Cooperman et al. [21] described the two-part
triplane fracture characterized by displacement
of the posterior metaphysis, posterior epiphysis,
and lateral epiphysis as a single bone fragment
with attachment of the remaining anteromedial
epiphysis to the tibial shaft. Marmor recognized
the three-part fracture [22]. An anterolateral
epiphyseal fragment and posterior metaphyseal
fragment attached to the remaining epiphysis
and tibial shaft were noted with three-part tri-
plane fractures. Finally, Kérrhom et al. [14]
described the four-part triplane fracture. The
four fragments of the distal tibia included an
anterolateral epiphyseal fragment, an anterome-
dial epiphyseal fragment, the remaining poste-
rior epiphyseal fragment attached to the posterior
metaphyseal fragment, and the tibial shaft.

There are now variants described with respect to
triplane fractures, hence the importance of CT
scans for assistance with hardware placement. A
medial two-part fracture, two variants of the three-
part fracture, and at least three variants of the four-
part fracture have been described [15-29]. As these

fracture lines may be difficult to appreciate intraop-
eratively, it is important to review the CT scan and
have the knowledge of these fracture patterns.

Classification

Fracture mapping of triplane fractures has eluci-
dated class-independent and class-dependent
fracture patterns [20]. Hadad et al. noted that
metaphyseal fractures are consistent across all tri-
plane fractures and manifest most commonly as a
medial-lateral fracture in the posterior metaphy-
sis. Epiphyseal fractures have a common anterior
fracture component and class-dependent posterior
fracture patterns [20].
Salter-Harris classification 1963 [30]

Salter-

Harris  Pattern Characteristics

1 Separation through May not be visible on
physis X-ray

II Metaphyseal Most common,
fragment, above Thurston-Holland
physis fragment

111 Articulation, enters Tillaux, intra-articular
physis and exits
epiphysis

v Complete, epiphysis  Risk of physeal arrest
then through physis
and exits metaphysis

v Crushing/ Injury to physis,
compression appositional growth

disturbance risk
VI Injury to perichondral Direct open injury
(Rang) structures

The Salter-Harris classification [30] of physeal fractures
has been expanded to six types. Ogden from a series of
443 physeal fractures has added 3 further subsets [31]:
Ogden VII: Epiphyseal fractures not involving physis
Ogden VIII: Metaphyseal fractures affecting later growth
Ogden IX: Periosteal damage affecting later growth
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Type IA fracture

Type A fracture

Type IB fracture

5

Type VIII fracture

Type VI fracture

Physical Examination

Upon presentation it is important to evaluate the
child for any neurovascular compromise. With
open injuries vascular damage may be present
along with sensory deficits. Likewise, areas of
significant ecchymosis or severe swelling may
influence screw placement. While compartment
syndromes are rare with transitional pediatric
ankle fractures, a good vascular exam and effi-
cient closed reduction can reduce impending
necrosis, wound development, or further compli-
cations. Both the dorsalis pedis and posterior
tibial pulses should be palpable and documented.
In the presence of significant edema, a Doppler
may be utilized.

Malleoli tenderness is often present upon exam
as compared to ligamentous injury alone. This
should warrant completion of x-rays. Palpation
should include above the ankle to the knee to eval-
uate for proximal fibula fractures. Fifth metatarsal
base fractures are often associated with ankle

Type IC fracture

Type llA fracture  Type IIB fracture

5 of L

Type llIB fracture  Type IVA fracture Type IVB fracture Type IVD fracture Type VI fracture

fractures as well. With significant force, a child
may present with concomitant foot fractures.

At times, excessive translation of fragments
can compress the anterior aspect of the ankle.
This may produce increased pain, hypoesthesia,
numbness of the first interspace, and/or weakness
of toe extensors [32, 33]. This requires efficient
surgical release to minimize complications or
functional deficits associated with extensor reti-
naculum syndrome [9]. Hence, time to closed
reduction is important.

Conservative Management

Tillaux fractures as compared to triplane frac-
tures can be less amenable to closed reduction as
they are avulsion fractures of the anterior tibial-
fibula ligament [34].

Plantarflexion, internal rotation followed by
maximum ankle dorsiflexion, has been successful
at reducing Tillaux fractures [35]. Closed reduc-
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tion of triplane fractures generally requires inter-
nal rotation of the foot, followed by anterior
translation and ankle dorsiflexion. With both frac-
ture types, flexion of the knee at 90 degrees can
relieve some tension and assist with reduction.
After closed reduction, often under conscious
sedation, a splint or cast is applied. A CT scan
confirms reduction. A gap distance greater than
2 mm warrants surgical intervention. If the gap
distance is less than 2 mm, then conservative care
is implemented and a long leg cast is applied for
the first 3 weeks with serial images completed
weekly to evaluate for any loss of reduction.
Thereafter, the patient can be converted to a non-
weight-bearing short leg cast to complete the
6-week course of immobilization. It is important
to exclude any nonaccidental trauma and any
atypical presentations that may present (Fig. 14.1).

Atypical Presentation

Pediatric patients are often healthy and present
with strong bone. Particular care should be taken
when children present without a history of trauma
or one of vague trauma. An inability to ambulate
may be associated with malignancy or hematog-
enous osteomyelitis. Pathologic fractures in the
setting of malignant lesions, bone tumors, or
osteogenesis imperfecta can take place. Likewise,
metaphyseal corner fractures of the tibia are sus-
picious for nonaccidental trauma in very young
patients [35]. Pain out of proportion following
minor trauma or in association with fracture may
be linked to complex regional pain syndrome.
Early recognition of this pain syndrome as well
as management with physical therapy and medi-
cations such as gabapentin and/or amitriptyline
can be helpful in cessation of this condition.

Surgical Management of Displaced
Ankle Fractures

Displacement of >2 mm in any plane is an indica-
tion for surgery for all transitional ankle fracture
patterns [17]. With the use of CT scans, fracture
mapping, and knowledge of fracture patterns,

closed manipulation is complemented by percuta-
neous screw compression to stabilize. Arthroscopy
can also be utilized to confirm appropriate reduc-
tion of the articular surfaces. Hardware is gener-
ally not associated with physeal arrest with
transitional fractures as this population is close to
physeal closure at the time of injury.

While alignment can be addressed with closed
reduction and percutaneous fixation, physeal
widening often requires an open approach due to
invagination of tissue. A small incision overlying
the affected physis provides good visualization
for evacuation of the periosteum which blocks
reduction of physeal widening.

Under general anesthesia, one uses a percuta-
neous technique with manual manipulation. Lag
technique or lag by design is utilized for reduction
of fragments in which there is pure distraction. If
there is greater than 4 mm of distraction, one may
utilize a periarticular reduction clamp for assis-
tance [9]. With Tillaux fractures, one can use a
guide wire from a 4.0 cannulated screw set from
lateral to medial confined to the epiphysis [8]. The
guide wire may be used to reduce the fracture frag-
ments, or a clamp is applied prior to wire place-
ment to assist with reduction [8]. The wire can be
antegraded medially with intention of retrograde
placement of screws if the fibula does not allow for
seating of the intraepiphyseal screw heads [8].
Fluoroscopic images are used to assess reduction
as well as transphyseal screw placement. Care is
taken to avoid any further trauma to the physis or
intra-articular surface. Arthroscopy can be utilized
to assist with visualization of reduction.

For triplane fixation, one would implement the
same percutaneous approach to transphyseal screw
placement as discussed with respect to Tillaux frac-
ture fixation. It is important to review the location
of various fracture fragments via CT scans to deter-
mine exact position of screws and small incisions.
Further, intrametaphyseal screws can be placed
above the physis to complete triplane fixation. It is
often helpful to fixate the intra-articular fragments
prior to the metaphyseal fragments, so reduction is
not blocked. Intraoperative imaging confirms less
than 2 mm displacement following operative
reduction. Fractures not amenable to this technique
may require an open surgical approach (Fig. 14.2).
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Fig. 14.1 Tillaux fracture: (a) CT scan, (b) AP x-ray post closed reduction, (c) lateral x-ray post closed reduction, (d)
Tillaux intraepiphyseal fixation AP, (e) Tillaux intraepiphyseal fixation lateral
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Fig. 14.1 (continued)

Fibular Fractures

Fibula fractures that are displaced or shortened
greater than 2 mm should be reduced and then
stabilized with plate fixation or intramedullary
fixation in transitional fractures. As the tibia and
fibula relationship is not static [36, 37], if the
fibula deformity persists, it can drive the joint
toward an angular deformity. The fibula normally
moves more posteriorly with growth. In children
where greater than 3 years of growth is expected,
the fibular physis should be respected, and if fixa-
tion across it is necessary, smooth wires should
be utilized [9]. Syndesmotic instability is rarely
encountered (Fig. 14.3).

Complications

Limb Length Discrepancies/ Growth
Disturbance

Growth arrest leading to angular deformities or
limb length inequality is rare following treat-
ment of transitional ankle fractures. Still, it is

uncertain how much growth needs to be present
for physeal arrest to cause a significant defor-
mity. Given that these fractures occur in adoles-
cence, the physis is in the process of closing
already. Children who present with 3 years of
growth or more should undergo preservation of
the physis. To evaluate for growth arrest, one can
visualize Park Harris lines (growth arrest lines)
on x-rays. These lines represent the position of
the physis at the time of injury and form on long
bones due to growth arrest.

With evaluation of a limb length discrepancy,
one must determine growth available. If a great
deal of growth is available, then an epiphysiode-
sis of the elongated limb can be helpful. If little
growth is available, then limb-lengthening proce-
dures on the short limb may be utilized. The tim-
ing of epiphysiodesis should be identified
carefully using one of the four accepted methods.
These methods include the Anderson et al. [38]
growth remaining charts, the White-Menelaus
arithmetic method [39], the Moseley [40] straight
line graph, and the Paley et al. [41] multiplier
method.

Angular Deformities

While anatomic reduction, appropriate surgical
technique, and minimizing attempts at closed
reduction can certainly decrease further injury of
the physis, it still appears that the mechanism of
the injury [42, 43], initial displacement [44, 45],
comminution [46] and post-reduction displace-
ment [47] are most important in assessing growth
plate injury and prognosis. In the presence of
angular ankle deformities, a supramalleolar oste-
otomy may be required to restore alignment. One
should evaluate for the center of rotation of angu-
lation (CORA) with respect to deformity when
determining osteotomy location.

Arthritis
In general, the type of Salter-Harris fracture,

amount of initial displacement, and quality of
reduction remain the main predictors of outcome.
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Fig. 14.2 Triplane ankle fracture: (a) AP x-ray of tri- plane, (e) axial CT scan triplane, (f) AP x-ray triplane
plane fracture, (b) lateral x-ray of triplane fracture, ORIF, (g) lateral x-ray triplane ORIF
(¢) coronal CT scan triplane, (d) sagittal CT scan tri-
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Fig. 14.3 Fibula fracture: angulation of the distal fibula is appreciated

Authors note that transitional fractures have good
long-term outcomes provided the gap distance
and step-off remains less than 2-2.5 mm [19, 48].
Any severe damage to cartilage may allow for
progressive degeneration with growth over time.
Surgical intervention is advised in SH-III and
SH-IV medial malleolus fractures with more than
1 mm of displacement to minimize any delay in
osseous healing. While non-unions are rare in
this patient population, SH-III, SH-IV, and
medial malleolus fractures have been associated
with delayed healing (Figs. 14.4 and 14.5).

Infection

Timely closed reduction of ankle fractures
reduces skin necrosis and pressure on anatomic
structures and minimizes any vascular compro-
mise. This in turn can minimize risks of infection
and soft tissue complications. Children are at risk
of infections throughout their life at the metal-
tissue interface. The glycocalyx (glycoprotein
and polysaccharide) forms fibers that extend
from cell to metal surfaces [49]. Hence, implanted
metals tend to potentiate bacteria. Often hema-
togenous spread is noted among patients where

infection does not arise until years later. Acute
surgical site infections tend to be rare in this
patient population.

Metallic Implant Removal

In the second half of the twentieth century,
improvements in metal quality reduced the ini-
tial concern of corrosion in the pediatric popu-
lation [49-53]. Others were still concerned
with risks of carcinogenicity with retained
metallic implants. Now concerns over leaving
hardware implanted indefinitely stem from
stress shielding issues. Fractures associated
with stress shielding of retained plates can be
difficult to treat [54].

One of the greatest concerns of retained trans-
physeal screws is with respect to an increase in
articular pressure that may cause premature
degenerative joint disease. Charlton et al. dem-
onstrated that transphyseal metallic implants in
the distal tibia significantly change the articular
pressure in the ankle joint with simulated weight
bearing [55]. While this was a cadaveric study
with a small sample size, the results remain con-
cerning for increased peak contact pressures.
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The authors recommend removal of transphy-
seal hardware upon osseous union for this rea-
son. Likewise, any hardware that traverses the
physis should be removed as soon as possible.
When the risk of removal outweighs hardware
retention, then it is prudent to leave the implant
alone.

Key Points

* A gap distance of less than 2 mm is acceptable
[8].

e X-rays underrepresent displacement.

e CT scans are advised following closed
reduction.

Fig. 14.4 Medial malleolus fracture SHIV: (a) AP x-ray, (b) lateral x-ray, (¢) coronal CT scan, (d) sagittal CT scan, (e)
CT 3D reconstructive view posterior ankle, (f) AP post ORIF, (g) lateral post ORIF
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Fig. 14.4 (continued)

In an ankle where >3 years of growth is
expected, one should respect the physis.
Percutaneous and/or arthroscopic approach is
recommended for transitional ankle fractures
in need of surgery. Intraepiphyseal and intram-
etaphyseal fixation should be utilized.

The relationship between the tibia and fibula
changes with growth.

Intra-articular fractures should be reduced and
fixed to less than 2 mm of displacement [19].

e Mechanism of the injury, initial displacement,

comminution, and post-reduction displace-
ment are most important in assessing growth
plate injury and prognosis [45].

Transphyseal metallic implants in the distal
tibia significantly change the articular pressure
in the ankle joint with simulated weight bearing.
The authors recommend removal of hardware
upon osseous healing if patient is stable for sur-

gery [55].
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Fig. 14.5 Degeneration: patient status post-pediatric triplane ankle fracture 15 years prior to ankle arthroscopic
images. (a) Clinical photo, (b) clinical photo, (¢) AP x-ray, (d) lateral x-ray, (e) MRI, (f) arthroscopic evaluation
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Foot Fractures
Anatomy

In the pediatric patient, there are relatively few
fractures, but there are many anatomic variants
that mimic fractures. Many children have acces-
sory bones in which up to 20% have been reported
in the literature. There are 24 different accessory
ossicles in the foot which include accessory
navicular bone, os peroneum, os trigonum, oS
intermetatarseum, os vesalianum, os subfibulare,
os subtibiale, os calcaneus secundarius, os calca-
neus accessorium, os supratalare, os sustentaculi,
os talotibiale, os tali accessorium, talus secundar-
ius, os subcalcis, 0s cuboideum secundarium, os
supranaviculare, os infranaviculare, os paracu-
neiforme, os intercuneiforme, os cuneometatar-
sale I tibiale, os cuneometatarsale plantare, os
cuneo-I metatarsale-II dorsale, and os aponeuro-
sis plantaris [56]. Careful attention should be
paid to these, as they are easily confused with
fractures. If not sure as to whether it is a fracture
or an accessory bone, do not hesitate to image the
other foot for comparison. During the gait cycle,
the foot performs many different tasks. It must be
both flexible at foot strike and rigid at lift off to
function appropriately, so careful attention must
be paid to ensure that any fracture does not affect
this normal function.

Talus Fractures

Fractures of the talus are rare in children, but
when they do occur, careful attention must be
paid to the anatomy and blood supply of the talus
as these injuries have high rates of non-union,
AVN, and osteoarthritis especially after a high-
energy mechanism [57-59]. The posterior tibial
artery has a branch to the tarsal canal. This artery
then divides and provides multiple branches to
the talar body. The dorsalis pedis artery has a lat-
eral branch to the talar body. The dorsalis pedis
also has a branch that communicates with the
perforating peroneal artery. Arising from the
peroneal artery are branches to the posterior talus
tubercle region. Disruption of the blood supply to

the talus puts a patient at high risk for avascular
necrosis. Most fractures of the talus result from
trauma such as a fall from a height in which there
is forced dorsiflexion at the ankle. Although frac-
tures through the pediatric talar neck are rare,
they must be reduced as soon as possible if there
is dislocation. There has been no specific classifi-
cation system developed for pediatric talar neck
fractures, but the classification developed by
Hawkins has been adopted by most in the evalua-
tion of pediatric talar neck fractures. The larger
the type of fracture, the more risk of avascular
necrosis occurs. Hawkins classification is as
follows[60]:

e Type 1 — minimally displaced talar neck
fracture

e Type 2 — talar neck fracture that also includes
subluxation or dislocation of the subtalar joint

* Type 3 — includes type 2 with the addition of
ankle dislocation

¢ Type 4 — Canale [61] added a type 4 to the
classification, which includes type 3 with the
addition of dislocation of the talar head from
the navicular

Most of these fractures can be treated with
closed reduction and casting. The technique for
reduction is done by plantarflexing and everting
the forefoot [62]. Once the reduction is obtained,
it is best to treat with an above-the-knee cast
holding the foot in a slight plantarflexed and
everted position. Post-reduction radiographs
must be taken to ensure that the reduction has not
resulted in a varus alignment. If closed reduction
cannot be obtained or you are dealing with a
probable non-compliant patient, then surgical
reduction and fixation is necessary. If reduced in
the operating room, a large number of these frac-
tures can be fixated with percutaneous screws
from anterior to posterior. If closed reduction
cannot be obtained, then a dorsomedial approach
is utilized followed by two screws crossing the
talar neck.

Whether treated conservatively or surgically,
the pediatric patient should be kept non-weight
bearing in a long leg cast for 6-8 weeks. All
patients who suffer a talar neck fracture should
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Fig. 14.6 Non-displaced Hawkins type I fracture

be followed up long term to insure that avascular
necrosis does not develop [63] (Fig. 14.6).

Other Fractures of the Talus

Although fractures of the talar body and talar
dome are extremely rare, they are intra-articular
fractures and anatomic reduction must be obtained.

Calcaneal Fractures

Calcaneal fractures in the pediatric population
are not common. When they do occur, the
majority of these fractures are non-displaced
[64]. Tt is reported in the literature that a high
percentage of these fractures are extra-articu-
lar, which can be attributed to low trauma and
the flexibility and resiliency of the cartilage,
bone, and soft tissues [65]. The standard treat-
ment protocol for all pediatric calcaneal frac-
tures is nonoperative treatment [64]. The
pediatric patient may have some loss of subta-
lar motion and joint arthrosis, but this is rare

and has little effect on normal gait [64]. There
have been some recent studies in treating the
displaced fracture with the standard approaches
used for surgical repair of adult calcaneal frac-
tures with good clinical outcomes and few
complications [65]. Intraoperative treatment of
calcaneal fractures is rarely indicated even for
displaced intra-articular fractures as the remod-
eling that occurs leads to satisfactory results
[62]. When there is a depressed posterior facet,
utilization of a small sinus tarsi incision and
manipulation of the fracture fragment with
direct visualization are utilized. These can be
fixated with k-wires or screws, and in most
cases the fixation is removed after fracture
consolidation (Fig. 14.7).

Tarsometatarsal Injuries

Injuries to the tarsometatarsal joint are rare in
children, but they are easily missed due to the
incomplete ossification of the foot bones on
radiographs. In the pediatric patient, the dis-
tance between the base of the first and second
metatarsal is quite constant (below 3 mm), and
the distance between the medial cuneiform
and the base of the second metatarsal is larger
before the age of 6. Both of these distances
approach adult values (below 2 mm) at the age
of 6 [66]. Tarsometatarsal joint injuries can be
caused from direct or indirect mechanisms and
may be either high- or low-energy trauma.
High-energy injuries are usually the result of a
fall from a height or motor vehicular acci-
dents. Usually with these high-energy injuries,
a fracture dislocation occurs at the tarsometa-
tarsal joint. The low-energy fractures usually
occur from landing on a foot in a tiptoe posi-
tion after a jump or from a marked compres-
sion load to the heel while the patient is in a
kneeling position which produces indirect
dorsiflexion and plantarflexion forces [67,
68]. These low-energy injuries usually occur
during athletic activities and are usually a
purely ligamentous injury [69]. These injuries
in the pediatric population can be treated non-
surgically with closed reduction and casting or
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Fig. 14.7 Eight-year-old patient with intra-articular joint
depression of posterior facet of calcaneus from fall from a
high height. (Case shared by Jason Pollard D.P.M.) (a)
Lateral x-ray injury film. (b) Intra-op lateral x-ray post

with surgical intervention if reduction is unable
to be obtained. The short-term outcomes have
generally been favorable with patients having
no limitations in athletic or everyday activities
[68, 70]. Fixation for pediatric Lisfranc inju-
ries is with a smooth k-wire in most cases.
Bridge plating and screws can be used if

joint reduction with k-wire fixation. (¢) Intra-op calcaneal
axial x-ray post-reduction with k-wire fixation. (d) Lateral
X-ray post pin removal

needed but requires fixation to be removed
after consolidation (Figs. 14.8 and 14.9). Even
with anatomic reduction and immobilization,
studies suggest that long-term outcomes may
be similar to those of adults. In adults, degen-
erative arthritis in the tarsometatarsal joints is
the most common complication.
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Fig. 14.8 Pediatric Lisfranc’s injury with instability and fractures. (a) AP x-ray injury film. (b) Oblique x-ray injury
film. (c) Postoperative AP x-ray with screw fixation. (d) Postoperative lateral x-ray with screw fixation

Metatarsal Fractures

Fractures of the metatarsals necks and shaft can
be treated closed most of the time. They represent
a large portion, 61%, of all pediatric foot frac-
tures [71]. Minimally displaced fractures are

treated with a walking cast for approximately 1
month. If there is significant displacement, then
they need to be reduced under anesthesia. The
most common reduction method utilizes distrac-
tion with Chinese finger trap device followed by
percutaneous pinning with a Kirschner wire.



14  Fractures of the Pediatric Foot and Ankle 275

Fig. 14.9 Lisfranc’s with comminuted intra-articular  cation. (¢) Post-reduction AP x-ray with k-wire, screws,
metatarsal base fractures. (a) AP x-ray injury film with  and bridge plating. (d) Post-reduction lateral x-ray with
comminuted metatarsal base fracture, angulation k-wire, screws, and bridge plating. (d) Postoperative AP
changes, and displaced medial cuneiform. (b) Oblique  x-ray 1 year after hardware removal

x-ray showing comminuted metatarsal bases with dislo-
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Fig. 14.9 (continued)

Rarely do these fractures need to be surgically
opened; however, when necessary, it is done
through a small incision with Kirschner wire
insertion through the fracture site, which exits
through the skin in the sulcus and is then advanced
across the fracture site in a retrograde fashion.
Avulsion fracture to the fifth metatarsal base is
not uncommon in the pediatric patient. It results
in pain with weight bearing and walking but usu-
ally has less edema than a typical metatarsal frac-
ture. Treatment for these is weight bearing for
4-6 weeks in a short leg cast or fracture boot.
Immobilization can be discontinued when the
edema and tenderness have resolved. Stress frac-
tures can occur in children, but they are a lot less
common in adults (Fig. 14.10).

Pain Management

Managing pain after fractures in the pediatric
population is often underappreciated. It is
falsely believed that children do not experience
pain or have much higher pain tolerance than
the adult population. Other factors that play a
role in the undertreatment of pediatric pain are
lack of pain assessment and the fear of adverse
effects such as respiratory depression from anal-
gesic medications.

Understanding the common pharmacologic
agents for the acute pain management can make
the post-injury period more tolerable for both the
patient and the parents. Acetaminophen is the

Fig. 14.10 Non-displaced fracture of the fifth metatarsal
base with open physis. Treated conservatively with no
complications

most commonly used analgesic agent in the pedi-
atric population secondary to minimal side effects
and good safety profile. It is appropriate for mild
to moderate pain and can be used in combination
with narcotics for more severe pain. The medica-
tion is dosed at 10-15 mg/kg, with single dosing
of 20 mg/kg noted to be well tolerated and safe.
The daily maximum should not exceed 75 mg/kg
for oral preparations.

Similar to acetaminophen, ibuprofen is a com-
monly used nonsteroidal anti-inflammatory drug
for mild to moderate pain. It too comes in both a
tablet and liquid form. Unlike in adults, the gastro-
intestinal and renal side effects are negligible [72].
Parenteral ketorolac can be administered postop-
eratively at a single dose of 0.8 mg/kg and has
been shown to decrease opioid use by 30% after
surgery [73]. Finally, opioids can be administered
for more severe pain. In older children, and adoles-
cents, Norco can be given at adult dosage in tablet
form. In some circumstances, younger children
can be given the liquid form. However, more com-
monly, younger children are given codeine in
combination with acetaminophen.
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Maltreatment

Although it is not likely to be encountered with
isolated foot and ankle injuries, it is important to
understand some of the features in identifying
child abuse. Orthopedic injuries result in the care
of 30-50% of abused children [74]. Fortunately,
the large majority of fractures are related to a fall
from heights, motor vehicular accidents, and
other non-abusive trauma and metabolic condi-
tions such as osteogenic imperfecta. However, it
is important to recognize abuse since 25% of
children suffer from further abuse, and 5% of
children are at risk for death [75].

To identify child abuse as the cause of frac-
tures, the physician must take into consideration
the history, the age of the child, the location and
type of fracture, the mechanism that causes the
particular type of fracture, and the presence of
other injuries while also considering other possi-
ble causes such as social circumstances of the
child and family members.

Although there are not any significant predic-
tors, there are certain patterns of injury that
should raise potential awareness for child abuse.
A systematic review demonstrated the cases of
abuse most often occurring in infants and tod-
dlers (< 3 years of age) and including multiple
fractures [76].

A review of 32 studies demonstrated that
once major trauma was excluded, rib fractures
had the highest probability for abuse (0.71; 95%
confidence interval, 0.42 to 0.91). The probabil-
ity of abuse given a humeral fracture lies between
0.48 (0.06 to 0.94) and 0.54 (0.20 to 0.88),
depending on the definition of abuse used.
Analysis of fracture type showed that supracon-
dylar humeral fractures were less likely to be
inflicted. For femoral fractures, the probability
was between 0.28 (0.15 to 0.44) and 0.43 (0.32
to 0.54), depending on the definition of abuse
used, and the developmental stage of the child
was an important discriminator. The probability
for skull fractures was 0.30 (0.19 to 0.46); the
most common fractures in abuse and non-abuse
were linear fractures. Insufficient comparative
studies were available to allow calculation of a
probability of abuse for other fracture types.
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Index

A
Abdomen, physical examination, 10
Abduction, 27, 59
Abduction-abduction and flexion extension, 24
Abduction contracture of hip, 29
Accessory navicular bone, 249
Accessory ossicles, 252
Accurate weight, 9
Achilles tendon, 148
Acquired brachymetatarsia, 107
Acupuncture, 3
Adams bending test, 38—40
Adams forward bending test, 35
Adduction, 27, 59, 219
Adenoidectomy, 4
Allergic reactions, 3
Alpha-fetoprotein (AFP), 88
Amputations, 105
Angular deformities, 265
Ankle brace, utilize post lateral ankle sprain, 253
Ankle dorsiflexion, 20, 21
Ankle fractures, children
anatomic alignment, 259
anterolateral epiphyseal fragment, 261
articular cartilage, 260
axial fracture lines, 261
cartilage regeneration, 260
complications, 259, 262
CT scan, 261
displacement and angulation, 259-260
distal tibial physis, 260
functional deficits, 262
physis closure, 259
posterior epiphyseal fragment, 261
posterior metaphyseal fragment, 261
transitional fracture patterns, 260
triplane fractures, 261
Ankle instability, 84
Ankle joint dorsiflexion, 151, 159
Ankle joint equinus, 195
Ankle positioning techniques, 58
Ankle range of motion, 18-20
Ankle sprains, 252
AOFAS ankle-hindfoot scores, 211
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Apert’s syndrome, 104

Apgar Score, 5

Aponeurosis, 183

Apophysis, 43

Appendectomy, 4

Arthritic pes planovalgus foot, 204

Arthritis, 267

Arthrodesis, 184, 185

Arthroereisis, 182

Arthrogryposis and spina bifida, 227

Arthrogryposis multiplex congenita, 227

Arthroplasty, 103

Asymptomatic coalitions, 205

Asymptomatic tarsal coalitions, 203, 204

Athletic injury, 245

Atypical clubfoot, 236

Autosomal recessive demyelinating motor and sensory
neuropathies, 83

B
Bare foot running, 253, 254
Barlow test, 31, 33
Baumann procedure, 158
cerebral palsy, 158
Benign hypermobility syndrome, 172
Bilateral brachymetatarsia, 113
Bisected talar axis, 59
Bladder and bowel control, 88
Blood pressure, 8
Body mass index, 9
Brachymetatarsia
acquired short metatarsals, 107
acute and gradual lengthening, 107
acute metatarsal lengthening, 111
adjacent digits, 107
arthroplasty and arthrodesis, 109
bone grafting and donor site morbidity, 111
callus distraction, 111
clinical evaluation, 108
clinical issues, 107
compensatory soft tissue contracture, 108
complications, 114
cosmesis, 108
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Index

Brachymetatarsia (cont.)
distal metaphyseal-diaphyseal junction, 110, 112
dorsal stab incisions, 112
epiphyseal growth plate, 107
fluoroscopic guidance, 112
fourth metatarsal, 113, 115
gradual distraction, 111
Hoke osteotome, 113
iatrogenic, 107
internal or external fixation, 107
lengthening phase of treatment, 113
Lisfranc joint, 112
malalignment, 114, 115
malunion, 115
metaphyseal-diaphyseal junction, 113
metatarsal declination, 108, 112
metatarsal head, 108
metatarsal length discrepancy, 110
non-reducible deformities, 109
nonunion, 115
over- or underlengthening of the metatarsal, 115
pin site infection, 116
post-operative stiffness, MTPJ, 111
premature consolidation, 115
preoperative planning, 110, 112
prevalence, 108
primary fixator, 113
primary surgical techniques, 111
radiographic evaluation, 109, 110
skeletal or systemic abnormalities, 108
treatment, 107
Bracket epiphysis, 49
Breath sounds, physical examination, 10
Breech presentations, 5

C
Calcaneal apophyseal ossification center, 53
Calcaneal apophysis, 48
Calcaneal axis, 57-59, 61
Calcaneal declination angle, 69
Calcaneal fibular remodeling, 209
Calcaneal fractures, 272
Calcaneal-second metatarsal angle, 65
Calcaneal stress fracture, 251
Calcaneocuboid joint, 198
Calcaneonavicular bar coalitions, 215
Calcaneonavicular bar with complete bone bridge, 199
Calcaneonavicular bar with incomplete bone
bridge, 210
Calcaneonavicular (CN) and talocalcaneal (TC)
coalitions, 191
Calcaneovalgus, 163
diagnosis, 164
dorsal-lateral structures, 164
dorsiflexion and eversion deformity, 163
postural deformity, 163
prognosis, 164
severity, 164
talonavicular dislocation, 164

Calcaneus-fifth metatarsal angle, 64
Callus distraction with external fixation, 114
Cardiovascular evaluation, 7
Cardiovascular fitness development, 246
Caregiver’s impression of child, 3
Cavus, 219
Cavus deformities, 21, 84
Center of Pressure Excursion Index (CPEI), 170
Central polydactyly, 98
Cerebral palsy, 77
clinical variation, 79
conservative treatment, 80
etiology, 77, 78
learning disabilities, 79
motor developmental reflexes, 78
posturing and asymmetric tonic reflexes, 78
Silver bunionectomy, 139
spastic equinus, 79
spasticity and surgery, 79
types, 77
Charcot-Marie-Tooth disease (CMT), 82, 83
ankle instability, 84
bracing, 86
cavus deformity, 87
cerebellar involvement, 85
clinical and electrodiagnostic data, 82
clinical presentation, 84
conservative therapy, 86
electrodiagnostic studies, 85
equinovarus deformity, 84
foot drop, 84
gene mutations, 83
genetic identification and testing, 82
hindfoot dorsiflexion, 87
MRI of spinal cord, 85
muscle weakness and atrophy, 83
neurophysiological data, 85
pes cavus deformity, 84
posterior tibial muscle, 84
pseudoequinus, 87
screening technique algorithms, 85
sensory ataxia and gait abnormalities, 84
shortened stride length, 84
surgical management, 86
type 1A, 83
type 1B, 83
type 2, 83
type 3, 83
type 4, 83
Chemical neurolysis, 80
Chest, physical examination, 10
Chief complaint, 2
history of, 2
physical examination, 7
Child abuse, 277
Childhood illnesses, 4
Chiropractic care, 3
Chronic peroneal injuries, 248
Clefts and cone-shaped epiphysis, 49
Closing wedge osteotomies, 126
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Clubfoot

Achilles tendon, 234

Achilles tenotomy and posterior capsular
release, 234

adjunctive treatment, 235

classification schemes, 223

classifications, 219

congenital (idiopathic), 219

conservative treatment, 231

deformity, 56

incisional approaches, 224

neuromuscular examination, 223

plaster casts, 224

Ponseti’s maneuver, 232

positional, 219

posterior medial surgical release, 231

recurrence of, 222

relapse, 235, 236

soft tissue procedures, 225

surgical repair, 224

syndromic, 219

teratologic, 219

treatment status, 222

ultrasound studies, 235

Clubfoot mechanics

foot mechanics, 221
Ponseti’s conservative treatment, 222

talar dome, 165
talo-first metatarsal angle, 165
talonavicular joint, 166
total range of motion, 167
treatment, 166, 167
Connective tissue diseases, 120
Coronal/frontal plane association of tibia, 23, 24
Coronal hindfoot alignment, 58
Coronal plane tibiocalcaneal displacement, 71, 72
Cotton osteotomy, 179, 180
Cranial nerves, 11
Crego elevators, 176
Cuboid injuries, 249, 250
Curly/underlapping toe, 100-102

D
Deep tendon reflexes, 41
Degenerative joint disease, 184
Dejerine-Sottas disease, 83
Dental procedures, 4
Developmental and/or congenital
hip dislocation, 122
Developmental and family histories, 2
Developmental delays, 105
Developmental history, 5
Developmental variants, 48-51

Coaching, 247
Cobey’s technique, 58
Cohen’s lamp cord sign, 84
Coleman Block test, 84
Compartment syndromes, 262
Complex/atypical clubfoot, 222
Complex/resistant clubfoot, 236, 237
Comprehensive training and conditioning programs,
246, 247
Congenital clubfoot, abnormal anatomy, 221
Congenital digital deformities, 103
Congenital pes planovalgus, flatfoot deformity, 163
Congenital talipes equinovarus (CTEV),
components, 219
Congenital vertical talus (CVT), 165
anatomical changes, 165
angle dorsiflexion, 167
cavovarus deformity, 166
diagnosis, 164
dorsal approach, 166
dorsal dislocation of navicular, 165
etiology, 165
feature of, 165
HOXD10 and GDFS5, 166 E
minimally invasive surgical techniques combined Ears, physical examination, 9
with serial casting, 164 Electronic medical records systems, 7
muscular and neurological conditions, 165 Ellis-Van Creveld syndrome, 103
navicular, 164 Ely test, 30
peg-leg gait, 164 Emergency Room and Urgent Care visits, 4
plantarflexion, 167 Encephalitis, 77
plantar-medial ligamentous structures, 165 Endocrine review, 7
rearfoot motion, 166 Epiphyses, 43, 44
small stab incision, 167 Epiphysiodesis, 144

Diagnostic errors, 1, 2
Diaphoresis, 12
Digital abnormality, 98
Digital contractures, 114
Digital deformity, 86, 122
Dimeglio scoring system, 224
Dimeglio’s classification, 223
Displaced ankle fractures, surgical management, 263
Distal osteotomies, 140
Distal tibial physis, 48
Distraction histogenesis (Ilizarov technique), 229
Distraction osteogenesis, 111
of metatarsal lengthening (callus distraction), 111
Dobbs/reverse-Ponseti approach, 166
Dorsalis pedis pulse, 14
Dorsiflexion range of motion, 20
Dorsomedial skin contracture, 102
Dorsoplantar foot techniques, 56
Double arthrodesis, 214
Duchenne muscular dystrophy, 89
Dwyer calcaneal osteotomy, 87
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Index

Equinus, 88, 183,219
contracture, 195, 203
lengthening, 181
release procedures, 89
Equinus-compensated pes planovalgus foot type, 195
Equinus-compensated pes valgus deformity, 196
Equinus-compensated pes valgus with floating heel, 194
Equinus-compensated pes valgus with plumb-line of
center of balance, 197
Equinus deformity, 195
ankle joint dorsiflexion, 151
bilateral vs. unilateral therapy, 156
biomechanics, 153
calcaneal tendon, 149
classification, 151
clinical examination, 148
conservative treatment, 156
evidenced-based definition, 150
frequency, 153
gastrocnemius equinus, 151
maximal dorsiflexion, 152
muscular dissection, 149
non-surgical management, 154, 155
pathologic effect, 147
pathomechanics, 147
radiographic evaluation, 150
superficial dissection of the leg and popliteal
area, 148
surgical management, 156, 157
Erasmie method, 45
Erythroblastosis fetalis, 77
Evans calcaneal osteotomy, 173-175
Evans osteotomy, 177, 181
Excessive perspiration, 12
Exercise induced compartment syndrome, 250
Exercise intensity and young athlete, 247
External distraction histogenesis, 230
Eyes, physical examination, 9

F
Femoral artery, 14, 15
Fetal anoxia, 77
Fibula fracture, 265, 267
Fibular polydactyly, 97
First-fifth metatarsal angle, 65
Fifth metatarsal apophysis, 54
First metatarsal cuneiform arthrodesis, 142, 144
First metatarsal distal pseudoepiphysis, 52
Flexible pediatric pes planovalgus deformity
ankle pain, 192, 204
arthritic changes, 199-200
clinical presentation, 192
coalition specific axial plane, 199
computerized tomography, 198
cuboid abduction angle, 192
cup-like pseudo-articulation, 209
diagnostic imaging findings, 192
dysplastic sustentaculum tali, 207
gait cycle, 192

gray zone, 200, 201

Hubscher maneuver, 192

medial arch and floating heel, 195
middle facet and sustentaculum tali, 207
MRI, 199

with peroneal spasm, 193, 194

surgical procedures, 192

tarsal coalition, 194

Flexion and knee extension, 23
Foot and ankle specific injuries and injury

patterns, 248, 249

Foot fractures, 271

Foot orthosis, 125

Foot positional relationships, 59
Foot progression angle, 16, 17
Forefoot adduction, 221

Forefoot ranges of motion, 18
Forefoot to rearfoot relationship, 19
Forefoot varus and valgus, 20
Fractures, 4

articular cartilage healing, 258
atraumatic operative techniques, 257
complications, 257

CT scan, 259

degeneration, 270

epiphyseal and metaphyseal vasculature, 258
epiphysiodesis, 258

epiphysis, 257

healing and management, 259
imaging, 258

intrarticular joint depression, 273
management, 257

mapping of triplane fractures, 261
metaphysis, 258

physeal displacement, 258

physis, 258

skeletal maturity, 257

surgical management, 259

temporal biologic physeal development, 257
tibial physis, 258

trauma to physis, 258

Framingham Foot Study, 170
Freiberg’s type injury, 250
French functional method, 227

G

Gait, 10

abnormalities, 16, 88
analysis, 194
disturbances, 2
pattern, 16

Galleazzi sign, 32, 33, 35
Gastrocnemius aponeurosis, 184

Gastrocnemius/Achilles tendon, complications, 184

Gastrocnemius-soleus complex (GSC), anatomy, 147
Gastrocsoleal complex, 148, 150
Gastrointestinal review, 7

Genetic syndrome, 103

Genetic testing through DNA analysis, 85
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Genital tract review, 7

Geographic and cultural influences, sports, 247

Gower Sign, 33, 34

Grading muscle strength, 41

Gross Motor Function Classification System (GMFCS),
80, 81

Growth and development, pediatric athlete, 247, 248

Growth arrest, angular deformities or limb length
inequality, 265

Growth plate fractures in humans, 259

Gustillo-Anderson grading system, 259

H
Hallux abductus angle, 67
Hallux interphalangeal angle, 67
Hallux malleus, 86
Hallux range of motion, 18
Hamstring contracture, 35
Harris-Beath technique, 57
Hass type syndactyly, 99
Hawkins classification, 271
Head and face, physical examination, 9
Health implications, 3
Heart rate, 8
Heart, physical examination, 10
Heel-tip test, 193
Hematologic exploration, 7
Hemiepiphysiodesis, 144
Herbal medications, 3
Hernandez method, 45
Hernia repair, 4
Hind foot deformity, 210
Hindfoot alignment angle, 71
Hindfoot alignment techniques, 58
Hindfoot varus and valgus, 59
Hindfoot varus deformity, 84
Hindfoot varus/valgus, 58
Hip abduction

in flexion, 28

in hip extension, 27, 28

limitation, 32
Hip dysplasia, 34
Hip extension, 27-29
Hip flexion, 27-29
Hip instability and dislocation, 30
Hip rotation, 25

in extension, 26

in flexion, 27
Homeopathic medications, 3
Hospital admissions, 4
Hubscher lateral radiograph, 202

I

Idiopathic clubfoot, etiology, 219-221
Idiopathic spasticity of extensor tendons, 201
Ilizarov distraction in resistant clubfoot, 230
Ilizarov technique, 229, 230

Tlizarov’s principle of tension stress, 229

Immunizations, 4

Impression of child’s general health, 2
Intensive training and sports specialization, 244
Intermalleolar distance, 17

Intermetatarsal angle, 67

Internal and external rotation, 24, 25

Intrinsic varus ankle deformity, 87
Intussusception, 4

Iselin disease, 51

J
Juvenile bunion deformity, 135, 139, 141
Juvenile hallux abductovalgus
adult bunion deformity, 138
biomechanical basis, 134
bunion deformity, 140
clinical bunion deformity, 137
closing base wedge osteotomy, 136, 140, 142, 143
congruent valgus deformity, 135
definition, 133
deformity, 133
deformity correction, 139
family history, 133
frontal and transverse plane deformities, 134
hallux abductovalgus deformity, 136
hallux valgus deformity, 142
intermetatarsal angle, 135
intrinsic and extrinsic factors, 133
metatarsal cuneiform arthrodesis, 140
metatarsus adductus deformity, 136
opening wedge osteotomy with plate fixation, 141
painful hallux abductovalgus deformity, 136
pes planovalgus deformity, 137
pes planus deformity, 134
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radiographic assessment, 134
surgical intervention, 137
treatment, 137

K

Kelikian push-up test, 109

Kidner procedure, 181

Kirschner fixation of talonavicular joint, 166
Kite’s method, 224

Knee axis to ankle axis, 22, 23

Koehler’s disease, 250, 251

Kump hump, 49

L

Lacerations, 4

Lamm classification of brachymetatarsia, 111

Lapidus arthrodesis, 141
bunion correction, procedure for, 144
with screw fixation, 144

Lateral ankle sprains, 253

Lateral foot projection, 56, 57

Lateral forced plantar flexion technique, 57
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Low birth weight, 105
Lower extremities, 36
dermatomes, 41
examination, 18
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Lymphatic pathology, 6

M
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Malleolar Valgus Index (MVI), 170
Malleoli tenderness, 262
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management, 121
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Metatarsal osteotomies, 126
Metatarsal stacking angle, 70
Metatarsalgia, 116
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Navicular stress fracture, 249
Naviculocuboid overlap, 69, 70
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Naviculocuneiform arthrodesis, 214

Neck, physical examination, 10
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Neurological deficit, 88

Neurological examination, 10, 35, 36

Neurological maturation and learned behavior, 16

Neurological review, 7
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Nutritional status, 6
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Open fractures in children, 259
Open/percutaneous flexor tenotomy, 101
Organized sports, 247
Orthopedic injuries, 277
Ortolani test, 31, 32, 34
Os peroneum friction syndrome, 248
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Osteochondridites, 250, 251
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Osteotomies, 103, 105
Overlapping toe, 102, 103
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Pain estimation, 9

Pain management after fractures in children, 276
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(POSNA), 225

Peripheral arterial and venous diseases, 12
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Peritalar subluxation, 169

Peroneal nerve block, 201

Peroneal spastic pes planovalgus, 201

Peroneus brevis and peroneus longus tendons, 249

Personal experiences and biases, 1

Pes planovalgus deformities, 195, 210

Pes planovalgus foot, 193
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Pes valgus deformity, 169
Pes valgus deformity, children
arch stability, 170
body mass index, 171
conservative care, 173
deforming forces, 171
deformity, 172
diagnosis and evaluation of coalitions, 172
epidemiology, 170
functional anatomy, 169
gait examination, 172
home stretching, 173
indication for surgery, 173
intrinsic muscle activity, 170
ligamentous laxity, 171
low arch foot, 169
Meary’s angle (talo-first metatarsal angle), 172
metatarsus adductus angle, 172
osseous architecture, 169
painful accessory navicular, 171
pathogenesis, 171
peroneus longus rupture, 170
pes planus and obesity, 171
physical examination, 172
planal dominance, 171
rearfoot valgus, 171
rupture of the plantar fascia, 170
short tendoachillis, 173
stretching, 173
superomedial calcaneal ligament, 170
surgical procedures, 173
truss and beam concept, 169
Pfitzner’s theory, 191
Phalangeal epiphyses, 45
Phalangeal variants of development, 50
Physeal fractures, closed management, 259
Pirani scoring system, 226
Polio treatment, 91
Poliomyelitis, 90, 91
Polydactyly, 103
anesthesia-related complications, 97
bilateral involvement, 95
classification system, 95-97
congenital digital deformity, 95
genetic syndromes, 95
postaxial polydactyly, 95
preaxial polydactyly, 95
primary complications of surgery, 98
treatment indications, 97
Ponseti casting technique, 224
Ponseti method, 231, 236, 237
clubfoot treatment, 166
Ponseti’s conservative manipulation treatment
protocol, 232
Popliteal angle, 23, 24
Popliteal artery, 14
Popliteal nodes, 16
Positional (postural) clubfoot, 219



288

Index

Postaxial polydactyly, 95-97
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Pregnancy complications, 5

Premature birth, 77, 105
Preparticipation physical evaluation, 246
Professional interpreters, 1

Proximal metatarsal osteotomies, 141, 142
Pseudoepiphysis, 49

Psuedoequinus, 151

Psychiatric review, 7

Psychological and social concerns, 245
Pulmonary review, 7

R
Radiographic interpretation
clinical decision making and outcome assessment, 62
cuboid position, 65, 66
developmental ossification, 62
distal fibular epiphysis, 47
fibular physis, 48
Kump hump, 48
navicular and talar head, 65
ossification dates, 45
positioning techniques, 55, 56
tarsal bones, 46
Rear foot osteotomies, 130
Recreational and competitive sports, 243
Recurrent clubfoot/relapse, 222
Resistant clubfoot, 222
Respiratory rate, 8
Restive strength training, 245
Revisional surgery, 139
Ring finger-small finger syndactyly, 98-99
Rocker-bottom flatfoot, 236
Rotational deformities, 79
Ryder maneuver, 29, 30
Ryder test, 32

S

Salter Harris classification, 261

Salter Harris fracture, 265

Second metatarsal-intermediate cuneiform angle, 64

Sensory examination, 11

Sequencing, 181

Sesamoid apparatus dysfunction, 251, 252

Sever’s disease, 251

Severe calcaneovalgus, 167

Severe juvenile bunion deformity, 140

Severe pes planovalgus deformity with peroneal
spasm, 202

Severe pes valgus lateral radiograph, middle facet
coalition, 200

Silfverskiold test, 20, 21, 172, 181, 183

Single sport specialization, 244

Skeletal maturity, 145

Skew foot, 121, 122
Skin lesions, 12, 13
Skin temperature, 12
Small accessory ossicles, 51
Social and developmental history, 4, 5
Soft tissue procedures, 129
Soft tissue releases, 80
Spastic diplegia/monoplegia, 77
Spina bifida occulta, 88
Spinal dysraphism, 87, 88
Spine, physical examination, 10
Spondylolisthesis, 38
Sport selection, 247
Sport specific injuries, 248
Sports and recreational activities, 248
Stability in gait, 17
Stance and swing phases, 18
Strength training in young athlete, 245
Stress fractures, 249, 276
Subtalar arthroeresis, 130
Subtalar range of motion, 18, 19
Superficial inguinal nodes, 15, 16
Superficial reflexes, 37
Superficial subinguinal nodes, 16
Superficial veins, 12
Supracondylar humeral fractures, 277
Surgical history, 4
Symptomatic middle facet coalition, 206
Synchondrosis on plain x-ray, 205
Syndactyly, 98
definitive treatment, 99
desyndactylyzation, 99
incomplete or partial, 98
with metatacarpal fusion, 99
postoperative complications, 99
types, 98
Syndromic club foot, 126, 219
Synpolydactyly, 99
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Talar axis, 59, 61

Talar body stress fractures, 251

Talar declination angle, 69

Talar neck and navicular-cuneiform
beaking, 198

Talar stress fracture, 251

Talectomy, 226

Talocalcaneal angle, 62, 63, 67, 68

Talocalcaneal divergence/overlap, 65, 66

Talocalcaneal index, 68

Talonavicular and calcaneocuboid joints, 59

Talonavicular arthrodesis, 214

Talonavicular congruity, 196

Talonavicular coverage angle, 65

Talo-navicular joint, 166

Talus beaking, 196

Talus fractures, 271

Talus-first metatarsal angle, 63, 68

Tarsal bones, 48
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Tarsal coalitions

asymptomatic coalition, 191

diagnostic imaging, 209

etiology, 191

incidence, 191

in-situ fusion, 213

subtalar joint, 213

surgical techniques, 210

valgus alignment of heel, 213
Tarsometatarsal joint injuries, 272, 273
Tarsus axis, 60
Telescope sign, 32
Temperature, 7
Temperature Equivalents Fahrenheit to Celsius, 8
Temtamy’s and McKusick’s classification system, 95
Tendo-achilles lengthening (TAL), 81, 184
Tendon bone interface/enthesis injury, 252
Tendon transfers and lengthening procedures, 87
Tenotomy of Achilles tendon, 237
Teratologic clubfoot types, 219
Thomas test, 29
Tibial polydactyly, 97
Tibial torsion, 22-24
Tibialis posterior tendon injuries, 252
Tibiocalcaneal angle, 69
Tibiofemoral angle, 25
Tibiotalar angle, 69, 72, 73
Tilleaux fracture, 262, 264
Timely closed reduction of ankle fractures, 267
Tonic and positional reflex patterns, 11
Tonsillectomy, 4
Track related injuries in children and adolescents, 244
Traction epiphysis, 43
Transepiphyseal metallic implants, 267
Transitional fractures, 260
Trendelenburg sign, 33, 36
Triceps surae, 158
Triplane ankle fracture, 266
Triplane fixation, 263

Triple arthrodesis, 87

Triple C osteotomy, 181
Trunk leaning and lordosis, 79
Turco method, 225
Tympanostotomy, 4

U

Unilateral peroneal spasm, 202

Unilateral pes planovalgus deformity, 202

Unilateral right foot coalition with peroneal spasm, 193
Untreated clubfoot, 222

Upper and lower deep tendon reflexes, 11, 37

Upper extremities, 10, 36

Urinary tract review, 7

v
Vaccinations, 4
religious beliefs/concerns, 4
Vaginal delivery, 5
Valgus, 59
Varus, 59, 219
Vitamins, 3
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Weight, 9

Weight stability, 6

‘White-Menelaus arithmetic method, 265

Y
Young’s tenosuspension, 214

V/
Z-osteotomy, 175
Zygodactyly, 98, 99
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