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From the editor:
A matter of timing

If an intervention has the potential to treat or prevent
lower extremity issues in a child, clinicians and parents
are naturally inclined to implement it as early as
possible. It makes sense intuitively, and in many cases
early intervention is supported by published evidence.
But in other cases the picture is less clear.

New research, for example, suggests that early
intervention to improve gross motor skills in children
with autism spectrum disorder may have the added

benefit of helping those children achieve social and behavioral milestones (see
“Early focus on gross motor skills may benefit children with autism,” page 6).
But all that’s actually been established so far is an association between motor
skills and social-communicative skills; the potential benefits of early
intervention remain hypothetical at this point.

A number of researchers believe that rates of anterior cruciate ligament (ACL)
injuries in teens and young adults can be further reduced if preventive training
programs are introduced well before puberty (see “ACL injury prevention
targets youngest athletes,” page 9). Establishing low-risk mechanics at an early
age, they suggest, will make it easier for young athletes to maintain or relearn
those mechanics after maturational changes have begun to undermine them.

But other experts believe there’s little advantage in implementing training
before a child has demonstrated a need for it. And while all agree adult-based
training programs need to be adapted for younger children, nobody is quite
sure of the best approach.

In some populations, early intervention may not turn out to have an added
benefit. In others, early intervention may be an idea ahead of its time. Either
way, LER:Pediatrics will keep you informed.

Jordana Bieze Foster, Editor
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Robotic ankle training for CP
transitions from lab to clinic
Home device use could be next step
By Hank Black

A robotic system developed at the Reha-
bilitation Institute of Chicago (RIC), previ-
ously shown to have efficacy in a research
lab setting, is also effective when used in
a physical therapy clinic for ankle training
in children with cerebral palsy (CP), ac-
cording to a new RIC study. 

In the clinic study, researchers demon-
strated the feasibility and effectiveness of
using robotic-assisted therapy in a busy
after-school setting. Their protocol was as-
sociated with significant improvements in
participants’ plantar flexor and dorsiflexor
range of motion (ROM), strength, spasticity,
mobility, balance, and selective control of
the lower extremity, although not the gross
motor function measure. 

The in-clinic findings appeared online
in May 2014 in the Archives of Physical
Medicine and Rehabilitation. The results
compared favorably with outcomes from
the pilot lab-based study, which was pub-
lished in the May 2011 issue of Neuro -
rehabilitation and Neural Repair. 

“A critical component of the training
may be the use of the robotic device with
an intensive, therapist-guided program to
maximize gains achieved with the device,
but this question remains to be formally in-
vestigated,” said first author Theresa
Sukal-Moulton, PT, DPT, then a doctoral
student and physical therapist at RIC and
now a postdoctoral fellow at the NIH Clin-
ical Center in Bethesda, MD. 

In addition, recent advances in haptic
feedback and gaming were included in the
clinic study to enhance challenge and mo-
tivation with goal-oriented motor learning. 

The pilot study showed the robotic
device was an effective tool for passive
stretching combined with active move-
ment training and demonstrated improve-
ments in joint biomechanical properties,
motor control performance, balance, and
mobility over baseline. 

“We wanted to see if similar gains
could be seen in a busy clinical setting
with all its noise, distractions, and diverse
patient diagnoses,” Sukal-Moulton said. 

Participants in both studies had mild to

moderate spastic CP. The 12 participants in
the lab-based pilot study (average age, 7.8
years) received a one-hour therapy session
three times a week for six weeks. All ses-
sions employed the robotic device. 

In the real-world study, 28 partici-
pants (average age, 8.2 years) were seen
in 75-minute sessions twice a week for six
weeks. Physical therapists who were not
part of the core research team had signif-
icant input into the study design, resulting
in the use of the robotic device for the first
30 minutes of each session, with the re-
maining 45 minutes devoted to individu-
ally tailored, functional movements.  

The robotic training included 10-
minute periods each of passive stretching,
active-assisted movement, and either ac-

tive or active-resisted movements. In the
active-assist mode, participants played a
video game controlled by their ankle
movement, scaled to their ankle’s passive
range of motion, and including a time delay
before the device offered assistance. Uti-
lizing the system’s touchscreen, therapists
could add resistance to movements and
change the game to require more or less
force to move a cursor. Various gait, bal-
ance, and strengthening exercises were
employed to maintain or extend the ROM
gains achieved during robotic training.

“A robotic system can provide well-
controlled instruction for children with CP,
but it is unlikely that changes in range of
motion alone can explain the clinical im-
provements we saw,” Sukal-Moulton said.
“The critical component is more likely the
large repetition of practicing a movement
with an enhanced range, either in isolation
or in a functional context.” 

Eventually, the system might be used
in the home environment, with initial set-
up and periodic monitoring by a physical
therapist. 

“In the home, the number of days with
device use might be increased for an addi-
tional boost, particularly when children have
growth spurts,” Sukal-Moulton said. “This is
in line with the current trend in physical ther-
apy toward intensive bouts of interventions
followed by the opportunity to do other
things that are not therapy driven.”

CP specialist and surgeon Jon R.
Davids, MD, said he looks forward to a
comparison with other conventional ther-
apies in a controlled trial. 

“In addition, it is intriguing to anticipate
the use of these devices in the home setting,”
said Davids, a professor of orthopedic sur-
gery at the University of California-Davis and
at Shriners Hospitals for Children in Sacra-
mento, CA, where he also is medical director
of the Motion Analysis Laboratory. “Although
the technology’s initial expense is significant,
the potential increase in number of therapeu-
tic sessions may offset that cost.” 

Hank Black is a medical writer in Birming-
ham, AL.

Sources:
Wu YN, Hwang M, Ren Y, et al. Combined passive
stretching and active movement rehabilitzation of
lower-limb impairments in children with cerebral
palsy using a portable robot.  Neurorehabil Neural
Repair 2011;25(4):378-385. 

Sukal-Moulton T, Clancy, T, Zhang LQ, Gaebler-
Spira D. Clinical application of a robotic ankle train-
ing program for cerebral palsy compared to the
research laboratory application: Does it translate
to practice? Arch Phys Med Rehabil 2014 May 1.
[Epub ahead of print]

In both settings, robotic

training was associated with

improvements in strength,

range of motion, and other

clinical measures.

Robotic training device setup. (Reprinted with permission
from Sukal-Moulton T, Clancy, T, Zhang LQ, Gaebler-
Spira D. Clinical application of a robotic ankle training
program for cerebral palsy compared to the research lab-
oratory application: Does it translate to practice? Arch
Phys Med Rehabil 2014 May 1. [Epub ahead of print])
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In children with autism spectrum disorder
(ASD), lower fine and gross motor skills are
associated with higher disease severity
scores, according to new research that sup-
ports the concept of earlier motor skills in-
tervention in this population.

Kids, aged 12 to 33 months, whose
mean scores for gross motor skills were al-
most six and a half months behind typical
milestones for their chronological age, also
had similar deficits related to social-commu-
nicative skills, reported Megan MacDonald,
PhD, an assistant professor of Movement
Studies in Disability at Oregon State Univer-
sity in Corvallis, OR. 

Improving an autistic child’s motor skills
early in life may provide a better foundation
for improving other areas, such as social
communicative skills, language, and adap-
tive behavior, MacDonald and colleagues
wrote in the April issue of Adapted Physical
Activity Quarterly.

Early therapy for communication and
behaviorial issues has proven worthwhile,
MacDonald said, but with this study, her
group sought to answer the question: How
can we make early intervention better?

“Motor skills is a content area where I
think there is room for improvement,” she
said. 

The group evaluated 159 children
(mean age, 27.6 months), the majority of
whom (110) had a confirmed diagnosis of
ASD.  

The Mullen Scales of Early Learning,
which includes a subscale focused on gross
motor skills, was used to assess cognitive
development. Autism severity was meas-
ured with the Autism Diagnostic Observation
Schedule, a semi-structured assessment of
communication, social interaction, and play.

The results indicated that gross motor
skills were significantly related to calibrated
autism severity. They also found that having
a confirmed ASD diagnosis, age, and non-
verbal problem solving were significant pre-
dictors of calibrated autism severity.

“Fine motor skills were 9.5 months be-
hind chronological age and gross motor
skills deficits were 6.4 months behind
chronological age,” they wrote, adding that
the relationship of motor skills and calibrated

autism severity held constant across vari-
ables such as nonverbal problem solving,
age, and gender. “In other words, this rela-
tionship is not driven entirely by intellectual
ability.”

From a clinical perspective, the findings
suggest that a lack of motor skills may hin-
der an autistic child’s success in achieving 
social-communicative milestones, MacDon-
ald explained. 

“In our interventions for teaching com-
municative skills, we use an approach called
active play,” she said. “If we can improve
motor skills first, how does that help active
play? If we improve the motor skills set, will
that give the child more opportunities to par-
ticipate in active play and social interac-
tions?”

While the standard of care in pediatric
ASD generally calls for addressing social-
communicative issues first, would it make
sense to first focus intervention on building
and improving gross motor skills? MacDon-
ald said it was too soon for a definitive an-
swer to that question. 

“It is another potential avenue to con-
sider for interventions. If our goal is to reach
developmental milestones, then it may be
worthwhile to address those motor skill mile-
stones early on. I think [early intervention]  is
a chance for healthcare providers to work
together,”  she said.

Jason Henry, MSPT, LO, of Hope Or-
thotics in Spring, TX, pointed out a child with
ASD who has delayed gross motor skills–
especially due to hypotonia–would benefit
overall from the use of corrective orthoses
that provide proprioceptive feedback and
help to control excessive malalignment is-
sues dynamically. 

“A child with hypotonia should be able
to pronate and supinate within reason, so
that appropriate motor learning can take
place,” Henry added.

Clare MacFarlane, PhD, of Therapies for
Kids in Sydney, Australia, concurred that im-
proving gross motor skills can serve as the
foundation for other therapies, based on the
developmental pyramid theory.

MacFarlane explained that in this pyra-
mid, the base level of development starts
with basic sensations (taste, touch, etc).
Higher levels of the pyramid include gross
and fine motor skills, communication, and
advanced cognitive function.

“If there are pieces of the pyramid miss-
ing...the higher levels of pyramid may not
have the best opportunity to develop,” she
said. “I think [giving a child] independence
with sitting, movement, crawling, walking,
and investigating their environment will as-
sist with the more advanced skills, such as
communication and comprehension.”

MacDonald said her group is working
on a pilot project to test an intervention pro-
tocol that focuses on motor skills. She also
said they’d like to do a longitudinal analysis
of how weak motor skills at a young age
manifest in children with autism when they
are older. 

Shalmali Pal is a freelance writer based in
Tucson, AZ.
Source:
MacDonald M, Lord C, Ulrich DA. Motor skills and
calibrated autism severity in young children with
autism spectrum disorder. Adapt Phys Activ Q
2014;31(2):95-105.

Improving motor skills may

give a child with an ASD

diagnosis more opportuni -

ties to participate in active

play and social interaction.

Early focus on gross motor skills
may benefit children with autism
Study finds link to social milestones
By Shalmali Pal

This child, aged nearly 4 years, was diagnosed with mi-
crocephaly, autism spectrum disorder, and hypotonia. She
uses sensomotoric orthoses in Piedro boots and receives
regular physiotherapy for gait, gross motor skills, motor
planning, and strength. She also undergoes occupational
therapy. (Photo courtesy of Therapies for Kids.)
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BMI does not drop after surgical
realignment for Blount disease
Weight loss requires other tactics
By Hank Black

Surgical correction of the varus alignment
that is characteristic of Blount disease does
not lead to greater patient activity or reduc-
tion in body mass index (BMI), according to
a recent study. 

“Many parents and physicians see ex-
cess weight as a product of immobility due
to limb deformity and believe if the limbs
were aligned properly, the child’s activity
level would increase and obesity would re-
solve. We conducted a retrospective study
to answer that question,” said study coau-
thor Sanjeev Sabharwal, MD, MPH, profes-
sor of orthopedic surgery and director of
pediatric orthopedics at Rutgers-New Jersey
Medical School in Newark.

Blount disease occurs in early-onset
and late-onset forms, with some authors rec-
ognizing an intermediate (juvenile) type. The
disease is characterized by progressive mul-
tiplanal deformities such as tibial varus,
procurvatum, and internal torsion, along with
limb shortening. The result can be gait devi-
ations and limb-length discrepancy (LLD),
which may contribute to premature knee os-
teoarthritis. 

Children with Blount disease tend to be
heavier than their peers and have higher
rates of obesity. In a 2007 study published
in the Journal of Bone and Joint Surgery,
Sabharwal and colleagues found a signifi-
cant relationship between BMI and severity
of radiographic deformities in children with
early-onset Blount disease, but not in those
with late-onset disease.

Some milder cases of early onset dis-
ease may spontaneously resolve, and long-
leg braces may be helpful in some young
children. After age 4 years, however, surgery
to restore limb alignment and correct LLD is
utilized more frequently. 

The current Rutgers study, which was
published in the March 2014 issue of the
Journal of Pediatric Orthopaedics, assessed
51 children with Blount disease (23 early
onset, 28 late onset). The 47 who had grad-
ual surgical correction with external fixation
also received six to eight weeks of inpatient
rehabilitation that included dietary control
and nutritional counseling. They were fol-
lowed postsurgery for an average of 48
months.

The surgical treatments (osteotomy,
growth modulation, or both) significantly im-
proved mechanical axis deviation and LLD.
BMI, however, increased relative to preop-
erative measurements in 76% of the chil-
dren. At follow-up, the average BMI of the
cohort had increased from 35 preopera-
tively to 38, and the number of morbidly
obese (BMI ≥ 40) children had increased
from 12 to 20. 

“Now we have more information for
parents, but unfortunately not good news,”
Sabharwal said. “We could only influence the
child’s diet for the rehabilitation period, and
it’s also difficult to impact long-standing eat-
ing habits when so many patients are eco-
nomically disadvantaged minorities with
limited food choices.” 

Brian Shaw, MD, an associate professor

at the University of Colorado in Denver and
Children’s Hospital Colorado in Aurora, said
he was not surprised by the findings but
agreed the information could be useful for
parents.

“The study answered a valid question
for patients with Blount disease, although I
wouldn’t have expected any other result—
previous studies of orthopedic procedures
such as knee joint replacement have shown
no positive effect on BMI or obesity,” Shaw
said. “However, we can now counsel pa-
tients more knowledgeably that lower BMI
should not be a part of expectations of treat-
ment. The study does support research into
whether bariatric surgery and other non -
orthopedic surgery methods can address
patients’ obesity and lack of activity.”

In fact, the one patient who demon-
strated the greatest BMI and weight reduc-

tions in the Rutgers study was an adolescent
who refused the orthopedic procedures and
underwent bariatric surgery.

“Perhaps weight-loss surgery before or
after realignment surgery may be an option
for some,” Sabharwal said, “but it’s clear that
[realignment] surgery alone is not enough.” 

Future research might offer additional
insights. 

“Our study had no control group for
comparison, so it would be interesting to 
do a prospective study comparing these 
patients either with Blount patients not 
undergoing a weight-reduction program or
compare their activity level with other obese
children who have normal limb alignment,”
Sabharwal said.

Orthopedic surgeon John G. Birch, MD,
of the Texas Scottish Rite Hospital in Dallas,
said he is pleased that doctors are using
growth-modulation techniques for lower leg
alignment.

“Deliberate deceleration of growth on
the tibia’s outer part so the inner part will
have the power to grow into alignment pro-
duces less morbidity than osteotomy,” Birch
said. “A well-designed trial of long braces for
Blount disease would be useful, [but] it
would be very difficult to get off the ground
since this is not a common condition.”  

Hank Black is a medical writer in Birming-
ham, AL.
Sources:
Sabharwal S, Zhao C, Sakamoto SM, et al. Do chil-
dren with Blount disease have lower body mass
index after lower limb realignment? J Pediatr Orthop
2014;34(2):213-218.

Sabharwal S, Zhao C, McClemens E. Correlation of
body mass index and radiographic deformities in
children with Blount disease. J Bone Joint Surg Am
2007;89(6):1275-1283.

Birch JG. Blount disease. J Am Acad Orthop Surg
2013;21(7):408-418.

The patient with the greatest

BMI and weight reductions

was one who refused the 

orthopedic procedures but

did have bariatric surgery.

An adolescent male patient with left-sided Blount dis-
ease who continued to gain weight despite realign-
ment of his leg. (Photo courtesy of Sanjeev
Sabharwal, MD, MPH.)
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Prevention of ACL injuries
targets youngest athletes

Some evidence suggests that neuromus-

cular training before puberty can help 

further reduce anterior cruciate ligament

(ACL) injury rates. But young children 

respond differently to instruction than their

older counterparts, which means early 

intervention requires some creativity.

By P.K. Daniel

A 10-year-old boy arrived at a Santa Monica, CA, sports medicine
clinic with a knee injury. He had suffered a noncontact injury that
occurred late in a soccer game. Diagnosis—partially torn anterior
cruciate ligament (ACL). 

The clinician described the boy as “a good little athlete.” He
plays year-round soccer, going from American Youth Soccer Organ-
ization competition to club play. Then there’s the tournament sea-
son, followed by all-stars. His injury will require a three-month layoff
and eventually neuromuscular training (NMT)—exercises designed
to target motor control deficits.

The benefits of neuromuscular training for correcting bio -
mechanical patterns associated with increased risk of ACL injury
have been well documented.1 But the vast majority of those studies
have been done in adolescents and young adults. Now researchers
and clinicians are exploring the potential rewards and challenges of
implementing similar training programs in younger children.

The problem
The rate of ACL injuries in athletes younger than 18 years has in-
creased in the past two decades.2 The incidence of ACL injuries in
skeletally immature patients is relatively low, but is growing as more
children participate in organized sports and specialize at an early
age.2

“The incidence curve is continually shifting to the left,” said
Holly Silvers, MPT, director of research at the Santa Monica Ortho-
pedic & Sports Medicine Research Foundation. 

Silvers said ACL injury in children was practically unheard of 15
years ago, but she is treating it more and more. The reasons are
multifold.  

“Too many young athletes are specializing in one sport earlier
and earlier, in addition to losing time in free play,” said Julie Eiben-
steiner, DPT, owner of Laurus Athletic Rehab & Performance in Min-
neapolis, MN. “As a result, kids are lacking the development of
physical competence and ability to interact well with their physical
environment and self regulate their physical activity.” 
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Having a solid neuromuscular foundation
before puberty sets in may help young
athletes adapt to the neuromotor control
changes that occur during maturation. 
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Although the documented evidence is limited, some of these
same experts think children can benefit from integrative neuromus-
cular training.

“We [as a society] are not doing any preparatory conditioning
for our youth,” said Greg Myer, PhD, research instructor of sports
medicine at Cincinnati Children’s Hospital. “Our youth used to be
outside. We used to have them playing. They used to develop these
neuromotor control patterns naturally. Those opportunities are di-
minishing. There’s less opportunity for free play.” 

Like Eibensteiner, Myer also blames an increase in sports spe-
cialization. 

“I’m not a supporter of that because I value the components
and the massive motor control adaptations that occur between
sports,” he said. “If they are going to specialize early, they’re going
to need this integrative neuromuscular training even more.”

Although both boys and girls experience almost equal numbers
of ACL injuries, female adolescent athletes have the greatest risk.
The incidence rate per total exposure for female athletes is four to
six times higher than their male counterparts in similar sports.2

Female athletes aged between 15 and 20 years account for the
largest number of ACL injuries.2 

Prior to the adolescent growth spurt there’s no observed dif-
ference in male and female athletes’ relative risk for ACL injury, but
during puberty those rates increase sharply, especially in girls.2

Decades of research have shown that the relative risk of ACL in-
juries, however, can be reduced by one-half to two-thirds through
neuromuscular training. The American Academy of Pediatrics re-
ported in April that ACL injury risk can be reduced by as much as
72%, especially in women aged 14 to 18 years.2

“You can absolutely reduce ACL injury rates pretty successfully
and pretty consistently,” Silvers said. 

Early intervention: A bit of a conundrum
With pubescence now occurring at earlier ages than in the past,
and maturation not having a one-age-fits-all delivery, Silvers sub-
scribes to early intervention. She also acknowledges the challenges. 

“We have a bit of a conundrum,” she said. “Obviously, the ear-
lier we get them the better. Before these patterns are well en-
trenched from a motor-plan perspective, before these things
become habitual, we want to get them. But it’s very difficult to do
that in an eight-year-old.”

The best time to implement preventive measures is debatable.
Some suggest it is when neuromuscular risk factors are the high-
est—during early pubertal maturation. However, others argue this is
too late. 

“If you wait until after puberty, they’re already playing for several
years at high risk because they have the increased mass, and that’s
what’s tearing the ACL,” Myer said. “They may have had these con-
trol patterns—they were deficient when they were younger but they
just weren’t large enough to tear their ACL.”

The question is whether this prevention training can be suc-
cessfully applied to younger athletes. 

Some researchers, including Myer, have suggested that neuro-
muscular training intervention needs to be incorporated as early as
possible. However, the research is still out on how effective NMT is
among younger children. 

“The solution is you have to start early,” said Myer. “You have
to start training younger kids before they hit puberty, and then pro-
vide them complementary and supplementary preparatory condi-
tioning as they go through puberty. Then they come out the
backside with a stable neuromuscular profile that [we can continue
to fine-tune through training]. That way you’re not starting from
scratch at a very difficult stage.” 

Too often, kids are going from being inactive to jumping into
competitive sports programs without integrative neuromuscular
training, Myer said.

“They’re not doing these training programs that build that pro-
file of safety and enhance their movement mechanics and motor
skills,” he said. 

Myer acknowledged that at the maturation level everything
goes haywire, but suggested that having a solid neuromuscular
foundation before puberty sets in can still be helpful. 

“Even what they’ve developed, they have to relearn it and man-
age those large changes in their anatomy and control measures,
and they have to be able to adapt,” he said. “The issue is if they’ve
never learned these mechanics prior to puberty, you have to teach
them during that period—the phase when it’s most difficult and con-
trol is hardest. So that’s not the best solution.”

Skepticism
Tim Hewett, PhD, director of the Ohio State University Health and
Performance Institute in Columbus, isn’t convinced that this training
is transferable to a child who doesn’t already have the problem. An
8-year-old isn’t yet experiencing what he described as a “post -
puberty machine-motor mismatch.” When girls go through puberty
they get bigger without the corresponding muscle power. Their
motor isn’t powerful enough to manage the machine at a level that
keeps the body at great neuromotor control in very high-velocity,
high-force, high-torque situations.2

“You have to have that mismatch to teach how to control it or
how to increase the power, increase the control,” said Hewett. “If
you do it prior to that taking place, I have doubts whether it would

Continued from page 9
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be effective. A pill doesn’t work until you actually have the condi-
tion.” 

Hewett said the research shows that just at or after the adoles-
cent growth spurt is when you want to institute the neuromotor
training. 

“I don’t think we can prepare someone in advance of that,” he
said. “It’s optimistic to say let’s get to them early and make sure this
doesn’t happen. I don’t know that we can alter that pattern.”

The research
A 2009 study led by Lindsey DiStefano, PhD, ATC, assistant profes-
sor in the Department of Kinesiology at the University of Connecti-
cut in Storrs, may support that. The study involved an injury
prevention program focused on landing biomechanics, after which
the older children (aged 14-17 years) showed more gains than the
younger children (aged 10-13 years).3

However, Myer said some research suggests kids can benefit
from integrative neuromuscular training. He was part of a research
group led by Avery Faigenbaum, MD, a world leader in exercise
training in children, that looked at fitness performance in 7-year-
olds.4 Integrative neuromuscular training was performed two times
a week over an eight-week period for the first 15 minutes of physical
education (PE) class. Forty children (24 girls) participated.

The boys performed better than the girls at baseline in the
push-up, standing long jump, single-legged hop, shuttle run, and 
.8-km run. However, the girls responded better to the integrative
neuromuscular training effects relative to the control group on the
curl-up, long jump, single-legged hop, and .8-km run. The boys did
not demonstrate similar improvements from the intervention.11

This likely indicates that girls were more responsive to the 

intervention, Myer said. It might also suggest that boys need in-
creased intensity, or a higher-level stimulus, to influence adapta -
tions, he said, noting that this was not tested in the study.

“That tells me it’s in those early stages that [the girls] can start
to adapt,” said Myer, a study coauthor. “We had huge gains in their
power and performance.” 

The study, published in the March-April issue of the Journal of
Athletic Training, concluded that NMT is an effective and time-
efficient addition to PE for enhancing motor skills and promoting
physical activity in children.4

The authors did a follow-up study5 with the same kids for an-
other eight-week period. During this period there was a cessation
in integrative neuromuscular training due to school vacation. Sub-
stantial decreases in performance were observed. A child’s neuro-
muscular profile, Myer said, is highly plastic, modifiable, and
responsive to its environment.5

“They respond to the stimuli very well,” said Myer. “Children
need to be exposed to a high level of motor control developmental
strategies as they’re maturing and can actually achieve their neuro-
muscular control potential.”

Injury outcome data studies have not been completed. Myer
said he is currently involved in a randomized controlled trial of the
same type of PE-based intervention in younger versus older chil-
dren. The responders, Myer hypothesized, are going to be most
prevalent among the younger kids. 

“That said, I think the programs are effective in older kids, and
they are effective in males, but I think our best money is going to
be training younger athletes,” Myer said. 
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Challenges
But there are challenges, such as attention and compliance. 

“Compliance is a huge factor in the effectiveness of the neuro-
muscular training programs,” said Eibensteiner. “Those who are
more compliant have significantly less risk of injury.”

Silvers is in favor of introducing the subject of neuromuscular
training to kids and making them more body aware.

“We just want to start the education and initiate the conversa-
tion,” she said. 

Her foundation is in the sixth year of a 10-year study on early
intervention funded by the National Institutes of Health. It involves
250 children from across Southern California’s Coast Soccer
League, one of the largest soccer leagues in the country. The chil-
dren were aged 8 and 9 years at the outset of the study and will be
followed until they are aged 18 and 19 years. 

Silvers and colleagues also utilized Coast Soccer League par-
ticipants when the group developed the Prevent injury, Enhance Per-
formance (PEP) Program in 2000 to reduce ACL injury risk.13 The
prepractice program consists of a warm-up, stretching, strengthen-
ing, plyometrics, and sport-specific agility drills to address potential
deficits in the strength and coordination of the stabilizing muscles
around the knee. PEP was initially intended for those aged 12 years
and older. However, an addendum for those younger than 12 is now
available.

PEP includes drills using cones. Adaptations for younger chil-
dren include shorter distances between the cones, jumping over
only visual lines on the field or a flat 2-inch cone, and landing with
two legs instead of one. The emphasis during plyometric activities

is on the landing technique, not the height of the object they jump
over. Performing the exercises with the correct technique in the al-
lotted time frame is emphasized over repetition. 

There are different approaches when incorporating neuromus-
cular training for children. The training has to adapt to their learning
capacities. Keeping kids’ attention through a simple, progressive,
and fun approach is recommended.

“Training younger children is focused on feedback and their
mental capacity,” said Myer. “For the very youngest kids we use bal-
loons to help control their focus. As they get a little bit older, we
can take away that supportive tool.” 

The children hold the balloons while squatting, lunging, and
moving in different directions to enhance muscle strength as well
as agility, balance, and coordination, Myer said. The balloons help
by slowing down the children’s catching and kicking movements,
enabling them to master the new skills and experience success.4

Silvers’ programs don’t involve balloons, balls, or other equip-
ment. She doesn’t want any distractions for the short period of eight
to 15 minutes. 

“We just want them to be aware of [their bodies] in space,” she
said. “As they get older you can layer the program, make it more
challenging. In the beginning, keep it simple.”

FIFA 11+ is an injury prevention program designed for soccer
players aged 14 years and older. The program has proven to reduce
overall injury rates7 and lower extremity injuries significantly.7-9

Hewett has been working on a child-friendly version of FIFA 11+
with neurosurgeon Jiri Dvorak, MD, who is the chair of FIFA’s Med-
ical and Research Centre (F-MARC) and FIFA’s chief medical officer
professor, and Mario Bizzini, PhD, also of F-MARC. 

The three-year study is less than a year old. It is targeting 

Continued from page 11
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several thousand kids between the U-9 and U-14 age groups. The
training is simplified and focuses more on play while still addressing
the same neuromotor deficits. Randomized controlled trials in Ger-
many are currently being conducted.

“Theoretically, it’ll work,” Hewett said. “Truthfully, we don’t really
know, but it’s definitely worth a try. It still gets at these potential im-
balances of ligament dominance, quadriceps dominance, leg dom-
inance, trunk dominance. It teaches better neuromotor control of
the body, posterior kinetic chain activation, control of hip and knee
joint. It really focuses on the kids not allowing their hip and knee to
collapse in but in a simpler, more play-like approach.” 

Another challenge is ensuring these no-cost or low-cost pro-
grams are implemented with high fidelity. The American Academy
of Orthopaedic Surgeons has joined other organizations, such as
the National Athletic Trainers Association, in promoting injury pre-
vention among kids through a campaign called STOP (Sports
Trauma and Overuse Prevention). The message is being conveyed
through public service announcements, social media, and other
mediums in a multidisciplinary approach. 

To assist with the proper implementation, many of these neu-
romuscular training programs are available digitally, either online
through streaming video or in CD form. An app for smartphones is
currently being developed for the PEP program. 
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Outcome studies continue
to support Ponseti method

Clubfoot researchers have begun to report

long-term data that continue to solidify the

superiority of the conservative method

over surgical intervention in most cases.

But variations to the traditional Ponseti

method are arising, particularly in devel-

oping countries, and may alter outcomes. 

By Larry Hand

As most clinicians treating children for clubfoot have shifted over
to the Ponseti method from comprehensive surgery, more informa-
tion is surfacing on long-term outcomes, as well as short-term out-
comes in lower- and middle-income countries.

Although many physicians say that, even today, practitioners
should faithfully follow the method developed by the late orthope-
dist Ignacio Ponseti, MD, at the University of Iowa Hospitals and
Clinics in Iowa City, some variations exist in daily practice and other
variations are cropping up in published research papers. No one is
arguing, however, about the effectiveness of the Ponseti method.

The traditional Ponseti method is ideally applied one to two
weeks after birth and involves gently stretching the tendons and
plaster casting the leg, changing the casts every four to seven days
for about eight weeks. Often, prior to the last cast, a physician will
perform a tenotomy, snipping the heel cord; the child wears the final
cast for two to three weeks. To prevent recurrence of the deformity,
children then wear a brace consisting of shoes mounted on a bar
for 23 hours a day for three months, and then at night for several
years, usually until children are aged 3 to 5 years. 

“The Ponseti method will always be best, as it spares the joints,”
Angela M. Evans, PhD, senior lecturer in the Department of Podiatry
at La Trobe University in Bundoora, Victoria, Australia, told LER in
an email. “However, in more complicated cases [eg, arthrogryposis
multiplex congenital] or very rigid cases, some surgery—mainly pos-
terior release and Achilles lengthening—may be required. But initial
casting may reduce the extent of surgery needed, which will likely
be better in the longer term.”

“Surgery is almost a last resort, but nonetheless, every now and
then it’s a necessary thing to do,” said Susan T. Mahan, MD, MPH,
assistant professor of orthopedic surgery at Harvard Medical School
in Boston.

Mahan, herself, uses the Ponseti method. 
“I will attempt serial casting techniques in all patients with club-

foot, because I think the results of that are just the best,” she said.
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Adaptations to traditional Ponseti
methods include changing casts more
frequently than once a week to reduce
the number of days a child is in plaster.

Photo courtesy of MD Orthopaedics.



“The truth is that for most healthy kids, the Ponseti technique does
terrifically. It’s really the rare kid that we end up having to reach for
the surgical option.”

Long-term outcomes
Extensive surgical procedures involving soft tissue releases, which
were popular before the advent of the Ponseti method, resulted in
scarring, stiffness, and even overcorrection, which necessitated addi-
tional surgical procedures in many patients, according to David A.
Spiegel, MD, associate professor of orthopedic surgery at the Univer-
sity of Pennsylvania Perelman School of Medicine in Philadelphia.

“In contrast,” he explained, “the Ponseti method is minimally in-
vasive and does not disrupt joints and tends to preserve motion.
Ponseti feet may be mildly undercorrected, but this is usually not
apparent clinically. Basically what you’ve got is a foot that moves
better and functions better over the long term into adulthood.”

Few studies have published long-term outcomes associated
with the Ponseti method, but a case-controlled study reported in
Clinical Orthopaedics and Related Research1 earlier this year (see
LER:Pediatrics, February 2014, page 4) offers some details about
long-term outcomes of the Ponseti method compared with compre-
hensive surgical release. 

Researchers at the Shriner’s Hospital for Children in Chicago
examined the records of individuals treated between 1983 and
1987 at two separate institutions with different treatment methods;
24 were surgically treated and 18 underwent the Ponseti method.

The Ponseti group had significantly greater ankle plantar flexion
range of motion (ROM) and ankle plantar flexor and evertor

strength, a lower incidence of ankle and foot osteoarthritis, and less
pain compared with the surgical group. Both clubfoot groups had
reduced ROM and more weakness and pain compared with controls
who did not have clubfoot, findings that point to a need for better
methods of improving these variables to achieve the best possible
function in adulthood.  

Undercorrection and overcorrection after Ponseti treatment can
be hallmarks of congenital clubfoot, and problems can crop up in
adulthood or at younger ages, according to a 2010 study.2 Issues
included valgus deformities from overcorrection, varus deformities
from undercorrection, and degenerative conditions such as arthritis
that may result from the underlying congenital deformity or its treat-
ment.

Global popularity
Now that the Ponseti method has reached global popularity, some
variations in protocols and methods have evolved. In a systematic
review published in April 2014 in Clinical Orthopaedics and Related
Research,3 Chinese researchers delved into reported variations in
manipulation, casting, and percutaneous Achilles tenotomy, as well
as whether bracing type and protocol made a difference in relapse
prevention.

Of the 19 studies evaluated, they found that researchers de-
scribed their methods poorly in 11 and clinicians didn’t follow the
main Ponseti principles in three. The brace deviated from the rec-
ommended type in three studies, and in another three, the pre-
scribed brace wear times differed from those of the traditional
Ponseti method. In addition, indications for recognition of relapse
and its management differed from the traditional Ponseti method in

Continued from page 15
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some studies. The researchers concluded that clinically important
variations in outcomes might have resulted from deviations from the
traditional Ponseti method’s manipulation, casting, tenotomy, and
bracing techniques and relapse recognition and management pro-
tocols. 

In the same journal the following month,4 Spiegel called for
journals to require that, “as a minimum,” authors provide detailed
treatment protocols in their methods sections so that the results of
different studies can be adequately compared. 

“Do it exactly as the man says, or don’t say
you’re doing the Ponseti method,” Spiegel said.

That has already begun to happen with some
researchers—many of whom have had to adapt
protocols to accommodate challenging conditions
in developing areas around the globe.

“The impact of Ponseti casting on low-income
countries is exciting,” said Luke S. Harmer, MD,
MPH, an orthopedic trauma fellow at Carolinas
Medical Center in Charlotte, NC. While at the Uni-
versity of Calgary in Alberta, Canada, he coau-
thored a paper on providing care in these areas.5

“With this [Ponseti] technique we are able to
treat children with a low-tech, low-risk, low-infra-
structure method that provides results better than
our previous surgical algorithm,” he said. 

Evans’ group in Australia has been conducting a sustainable
clubfoot program in Bangladesh called Walk for Life (WFL).6 Since
2009, the group has been evaluating Ponseti clubfoot treatment in
children using a Bangla clubfoot tool, a measuring system they 

developed based on existing validated instruments and adapted to
local factors, including overcrowded clinics, difficulty traveling to
clinics, lack of basic facilities, and poor healthcare infrastructure.
The Bangla tool incorporates three domains: parent satisfaction de-
termined by interview, gait function, and clinical foot evaluation.

In an evaluation of the first 5000 feet treated in the program,7

Evans and colleagues found that the WFL results demonstrate that
“rapid case ascertainment is possible in a developing world setting

with appropriate logistical support.” Among the
adaptations to local factors was the use of phys-
iotherapists and paramedics to do the casting,
along with ongoing training and regular clinical
review of their technique by physicians.

In a two-year review of the WFL program,
epublished in May 2014 by the Journal of Pedi-
atric Orthopaedics,8 Evans and colleagues de-
scribed results achieved at the 10 largest WFL
clinics. Among 400 cases selected randomly
from 1442 children, 99% could walk independ-
ently. According to Bangla clubfoot tool scores,
parents were highly satisfied but said the cost of
the treatment (3000 Taka, or $38.48) was not
affordable.

“We found that if the treatment were not
free, most children would not have had access,

and so would not be corrected and walking,” Evans said. “We esti-
mate there are some five thousand new cases born annually [in
Bangladesh]. The significance of clubfoot is enormous in the devel-
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oping world where walking avails working and earning, or not.”
Among local adaptations to traditional Ponseti methods, she

said, are more frequent cast changes in which each cast stays on
for about three days rather than a week. 

“It can at least halve the time a baby is in plaster. We used this in
[the Polynesian kingdom of] Tonga and wrote up the cases,”9 she said. 

In that paper,9 Evans and colleagues reported two cases of “fast
casting” in which children were cast and recast four times in one
week followed by tenotomy, with both babies showing consistent
correction of the foot deformity 10 weeks after start of treatment.
The researchers noted they used “more rather than less” manipula-
tion prior to casting. 

Rosalind Owen, BSc, MSc, of the Institute of Child Health at Uni-
versity College London, UK, said, “One variation which has shown
comparable results to Ponseti is the ‘accelerated Ponseti technique.’
This has shown good outcomes in Malawi and reduced the amount
of time parents accompanying children for treatment have to stay
away from their work and families.”

In that Malawi randomized clinical trial,10 researchers found no
significant outcome differences among 40 patients (61 feet) who
were randomized to either standard weekly cast changes or to
changes three times a week. The median number of days in plaster
was 16 for the accelerated group, compared with 42 for the control
group, and researchers followed 36 of the 40 patients for six
months. Researchers said it is too early to know how or if fast casts
would affect long-term outcomes. 

Context
In a 2012 review of clubfoot treatment outcomes in low- and mid-
dle-income countries,11 Owen and colleague Gayatri Kembhavi,
PhD, found the Ponseti method was more effective than other con-
servative techniques but not directly comparable to surgery. They
found that “contextual factors” influenced outcomes, but that clini-
cians who used the Ponseti method took more measures to over-
come those factors than did clinicians using other techniques.

The factors include resources needed to provide care, materi-
als needed for treatment, appropriate training for providers, and par-
ents’ abilities to collaborate with providers. 

Some variations can have negative effects, Owen said. 
“Incorrect ‘Ponseti-style’ treatment can include using below-

knee casts,12 not using the foot abduction brace [or not using it long
enough], not doing tenotomy, and failure to identify the lateral head
of talus and use it as the fulcrum of movement in casting,” she said.
“These would result in probable slipping of the casts and noncor-
rection of the deformity, relapse of deformity, incomplete correction
of deformity, and ineffective manipulation and casting, respectively.
These are only some of the variations with negative outcomes.”

But not all variations have such consequences, Mahan of Har-
vard said.

“I think there will always be some variations in everyone’s in-
terpretation [of the Ponseti technique],” she said. “One basic varia-
tion is whether to use plaster or fiberglass casts. The type of bracing
and the length of bracing that’s done after serial casting is another
variation. Some kids will get a tenotomy and some kids won’t. I think
most of us follow Ponseti guidelines, but even within his guidelines,
there’s some wiggle room for variation.”

Continued from page 17
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Ponseti vs open surgery
In a meta-analysis published in 2013 in the World Journal of Orthope-
dics,13 researchers analyzed results from 12 studies published between
January 1950 and October 2011 comparing clubfoot treatment with
the Ponseti method or open surgery. They found that, while patients
managed with the Ponseti method had higher rates of excellent or
good outcomes than surgical patients, the difference barely missed
statistical significance (p = .053). Still, they recommend the Ponseti
method. Follow-up in the studies averaged 15.7 years.

“Serial manipulation and casting has been widely accepted as
the initial treatment of idiopathic clubfeet, and surgical soft-tissue
release is reserved for clubfeet that cannot be completely cor-
rected, in case of relapse of the deformity or in case of nonidio-
pathic clubfoot, such as clubfoot associated with arthrogryposis,”
lead author Marios G. Lykissas, MD, PhD, a pediatric orthopedic sur-
geon at Cincinnati Children’s Hospital Medical Center in Cincinnati,
OH, told LER in an email.

The researchers found a correlation between a larger antero-
posterior talocalcaneal angle and higher rates of excellent or good
results, but no other significant correlations with functional or radi-
ographic outcomes.

“Noncompliance of the family to follow the brace protocol is
associated with unexpected high recurrence rate ranging from thirty
to forty five percent and subsequent early onset arthrosis and pain
if the recurrence is left untreated,” Lykissas explained. “There is no
association between poor bracing compliance and families’ educa-
tional level, income, or cultural origin. Distance from the treatment
centers and accessibility to the healthcare system are important pa-
rameters that may also adversely affect compliance, and secondar-
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ily, the success rate. In addition, concurrent illnesses may affect
management of clubfeet with the Ponseti method.”

As always, compliance
“Compliance with casting and, even more importantly, boots-and-
bars bracing, is important to outcomes,” Luke Harmer said. “This is
part of why family education is so integral in the care of these chil-
dren.”

For Mahan, who has authored a paper on factors predicting
prenatal detection,14 family education begins before the baby is
born.

“For me, it’s a conversation that often starts prenatally, because
I often meet with these families prenatally or certainly start talking
with them early on about the importance of longtime bracing, and
I start that discussion at the first encounter,” Mahan said. “The serial
casting and the initial correcting of the clubfoot, pretty much all fam-
ilies comply. They can almost see from the first cast the improve-
ment of the foot. But once the foot’s corrected, the greatest
challenge we have is to try and encourage the foot not to return to
its clubfoot position, and the most reliable way to do that is consis-
tency with the brace.” 

Larry Hand is a writer in Massachusetts.
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