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Overview
Over 6,000 articles were published in the neuromuscular 
space from 2021-2022. In this manuscript, we 
seek to review the influential papers covering the 

spectrum of neuromuscular orthopaedics as well as to 
highlight important points from presentations during 
Neuromuscular Subspecialty Day at POSNA on May 12, 
2022, and other orthopaedic meetings in 2022. This 
material will hopefully inspire potential changes in our 
practice in the future.

We Live in a Changing World
Advances in maternal and perinatal care in Europe and 
Australia have led to a decrease in prenatal and 
perinatal cerebral palsy.1-3 The decrease may change the 
landscape of cerebral palsy care. Prenatal and perinatal 
cerebral palsy is often associated with higher proportion 
of spastic diplegic cerebral palsy and higher Gross 
Motor Functional Classification System (GMFCS) 
levels (IV and V). Cerebral palsy occurring in full-
term children tends to have a more dyskinetic subtype 
and more ambulatory children (GMFCS I-III). Also, 
full-term children with cerebral palsy have a higher 
association with maternal obesity. Maternal obesity 
in the United States is now estimated to be over 29%, 
with significant racial and socioeconomic differences.4,5 
For the United States, there are no recent publications 
illustrating a decrease in prenatal and perinatal cerebral 
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palsy incidence. Based on existing disparities in medical 
care, however, the quality of maternal care may result in 
different trends with regard to race and socioeconomic 
status in the incidence and distribution of cerebral palsy.6

In 2022, we remain in the COVID-19 pandemic while 
trying to continue care for children with neuromuscular 
conditions. Respiratory syncytial virus (RSV) and other 
pulmonary viruses are notorious for causing devastating 
illnesses in our medically fragile patients.7 COVID-19 
was feared to have the same, devastating effects; 
however, that does not appear to be true. Very few deaths 
have been attributed to COVID-19 in children with 
cerebral palsy, SMA, Duchenne’s Muscular Dystrophy, 
and other neuromuscular conditions.8,9

While telehealth has changed the landscape of our 
orthopaedic surgery clinics, the need to physically 
see, examine, and radiograph our patients is critical 
to monitor for hip subluxation, gait deterioration, and 
scoliosis progression. Children with cerebral palsy have 
a high no-show rate, especially in orthopaedic clinics 
(14.8%).10 This rate of missed appointments was not 
due to travel distance, higher GMFCS level, increased 
comorbidities, or a recent multidisciplinary clinic visit. 
The highest prediction elements of missing a clinic visit 
for a child with cerebral palsy are a recent reschedule 
or cancellation, previous no-show, socioeconomic 
disadvantage, and children ages 5-14 years old. These 
risk factors can be used to help further identify barriers to 
help our families have consistent follow-up and optimize 
clinic utilization.

Anesthesia Considerations
The preparation of children with cerebral palsy to 
undergo anesthesia is a careful process that is not without 
risk. Children with cerebral palsy require increased doses 
of the paralytic rocuronium.11 In a prospective study, it is 
noted higher GMFCS level, higher birth weight, and full-
term gestational age need a larger amount of rocuronium 
for neuromuscular blockade. This is likely due to the 
disruption of the neuromuscular junctions.11

Regional anesthesia has gained popular acceptance 
for lower extremity surgery to decrease opioids in 
the perioperative period. Many children with cerebral 
palsy undergoing bilateral hip reconstructive surgery 
have baclofen pumps, which may be a contraindication 
for epidural anesthesia. However, two small studies 
have been published using epidurals in children with 
intrathecal baclofen pumps with successful analgesia, no 
infections, and no disruptions of the pumps.12,13 

It remains unknown whether neuraxial analgesia or a 
peripheral nerve block is the most effective for pain 
control. Two studies presented at the 2022 Pediatric 
Orthopaedic Society of North America (POSNA) Annual 
Meeting suggested either fascia iliaca or lumbar plexus 
blocks may be more effective.14,15 One of the studies on 
baclofen pumps suggested an epidural was more effective 
than a lumbar plexus block.13 More work is needed for the 
mechanism of optimal delivery of safe and effective pain 
management for patients undergoing hip reconstruction 
and single-event multilevel surgeries (SEMLs).

In Charcot-Marie Tooth, there is a concern for further 
nerve damage with the use of perioperative peripheral 
nerve blocks for pain relief. In a retrospective review, 53 
patients underwent 132 regional blocks with no evidence 
of neurologic complications or nerve injury related to 
the block.16 A prospective study of 20 patients with 
24 peripheral nerve catheters for foot surgeries found 
no new nerve deficits after surgery and improved pain 
control compared to their previous methods.17 These 
studies suggest that peripheral nerve blocks may not 
cause further verve damage in Charcot-Marie Tooth foot 
reconstructions and may have a benefit for effective pain 
management.

Cast Complications
Cast problems in children with neuromuscular conditions 
were presented at the 2022 American Academy of 
Orthopaedic Surgery (AAOS) Annual Meeting.18 
They found 14/28 cast injuries were in children with a 
neuromuscular diagnosis and all were pressure ulcers. 
There was no difference in who placed the cast (attending 
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surgeon, resident, or cast tech) or where the cast was placed 
(operating room, clinic, or emergency room). Children with 
a neuromuscular diagnosis have a 40% increased risk of 
cast injury. This is a humbling paper of preventable risk, 
reminding us to stay diligent with increased padding and 
better molding in our high-risk patients.19

How Do We Prevent Hip Subluxation after 
Reconstruction Surgery in Patients with 
CP?
Much of the work published this past year on hip surgery 
in cerebral palsy involved how to prevent hip subluxation 
or dislocation after their initial hip surgery. Children at 
higher risk of severe subluxation or revision surgery are 
those under 6 years old, who have a worse preoperative 
migration percentage, and  who have had only a proximal 
femoral varus derotation osteotomy at the time of their 
initial surgery.20 Adding a pelvic osteotomy had a better 
postoperative migration percentage, and no hips with a 
pelvic osteotomy underwent a revision or had a severe 
subluxation at a 2-year follow-up.20 This work was 
supported by another single-center retrospective review 
suggesting increased failure at an age less than or equal 
to 6 years old, a preoperative migration percentage of 
greater than 70%, or a preoperative neck-shaft angle of 
greater than 150 degrees at the time of neuromuscular 
hip reconstruction increased risk of failure.21 Those 
that did not have a migration percentage >50% or a 
revision surgery at a 2-year follow-up had more pelvic 
osteotomies at their initial surgery or a preoperative 
acetabular index of less than 25 degrees.21 While not all 

the above studies looked at their postoperative results, 
they suggest that more coverage, by adding a pelvic 
osteotomy, decreases future hip revision surgery. The 
concept of “over-containment,” defined as a migration 
percentage <0%, was examined by Zakrzewski et al.22 
By over-containing the hips, the incidence of a migration 
percentage >30% or revision surgery in children with a 
GMFCS of IV or V, less than 6-years-old at the time of 
hip surgery, or a migration percentage of greater than 
50% at the time of surgery all decreased.22

There was a lively debate on guided growth of the 
femoral head at POSNA this year between Jon Davids, 
MD, from Shriners Children’s Hospital Northern 
California, and Vineeta Swaroop, MD, from Lurie 
Children’s Hospital of Chicago (Figure 1). The results 
of the debate and case discussions highlighted the need 
for further long-term research on who is a candidate 
and when the procedure is appropriate. Shedding 
light on this subject was a paper published out of 
Cincinnati Children’s Hospital with a 2-year follow-up 
of 44 hips that underwent proximal femoral screw 
hemiepiphysiodesis.23 In this group, those that previously 
had surgery had no progression of their hip subluxation. 
There were improvements in migration percentage in 
the children who did not have prior hip reconstructive 
surgery; however, four hips did undergo reconstructive 
hip surgery in this group after their proximal femoral 
hemiepiphysiodesis.23

Future research and clinical decisions are impaired 
based on the variable definition of “failure” of hip 

Figure 1. A) A 5-year-old with bilateral hip subluxation (right migration 50%, left migration 40%). B) At 6-years-
old after bilateral proximal femoral guided growth. C) At age 9 with disengagement of the right screw from the 
epiphysis. D) At age 12 after revision of the right screw (right migration 20%, left migration 20%). Images courtesy 
of Jon Davids, MD.
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reconstruction in the literature. Some use a migration 
percentage of >50%, others >30%. Data was presented 
at POSNA this year suggesting a migration percentage 
of 35% or greater at skeletal maturity can lead to 
further hip subluxation/dislocation into adulthood 
(Figure 2).24 This migration percentage is lower than 
was previously believed to be a “stable” hip at skeletal 
maturity. Another area of high variability is the varied 
postoperative immobilization techniques and protocols 
among surgeons.25

The recovery from hip reconstruction and spine surgery 
is painful, with short-term improvements in Health 
Related Quality of Life (HRQoL) and caregiver burden.26 
After 5 years, the improvement in HRQoL and caregiver 
burden is maintained after hip reconstruction but declines 
to pre-surgical baseline after spine fusion.27 The natural 
history of cerebral palsy is a decline in function and 
GMFCS with time, so maintenance of pre-surgical 
HRQoL may be an improvement based on natural 

history, however, the natural history in a matched cohort 
is not available.28,29

Spine
There is new information regarding neuromuscular 
scoliosis mortality and infections. A large multicenter 
review of children with early-onset neuromuscular 
scoliosis demonstrated a low mortality rate at 2-year 
follow-up (1.1%).30 However, at 10 years, the mortality 
rate was 17.4%, with a 33.8% mortality rate in children 
with cerebral palsy.30 This data suggests that it is not the 
surgery, but the underlying neuromuscular condition, 
that increases the child’s risk for mortality. We lack an 
ethical control group to be able to accurately interpret the 
results.

The use of vancomycin powder and the adoption of 
surgical site infection bundles have decreased infections 
in spine surgery.31-34 The most common infectious 
organisms in children with cerebral palsy who have a 

Figure 2. A) 14-year-old with GMFCS IV cerebral palsy, right migration 25% and left migration 
20%. B) At age 18 with bilateral severe posterior subluxation on x-ray and CT scan of the C) right 
hip and D) left hip.
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postoperative spine infection are gram-negative rods and 
polymicrobial infections. However, children who had 
vancomycin powder at the time of their initial surgery 
had a higher rate of Proteus infections.35 Thus, the use of 
vancomycin powder may be changing the typical bacteria 
present in postoperative infections.

Treatment of Gait Abnormalities in CP
How to treat a stiff knee gait is frequently debated. 
McCarthy et al. and “Mission I’m Possible” have used 
Delphi techniques to improve decision-making and 
future research questions around gait-changing lower 
extremity surgery in children with cerebral palsy.36-38 
This year, in the literature, the debate and uncertainty 
continued. When and how to address stiff knee gait 
through rectus femoris surgery was the topic of the 
latest Delphi analysis.37 Consensus was achieved for 
some indications for rectus femoris surgery, such as 
decreased peak knee flexion and extension with a delay 
in peak knee flexion and GMFCS I/II. In addition, distal 
lengthening was preferred over proximal lengthening of 
the recuts femoris if lengthening was indicated. However, 
a consensus was not obtained on what type of rectus 
femoris surgery (transfer versus lengthening) or what 
the most important kinematic outcome is after surgery.37 
To support the lack of consensus on whether to do a 
recuts femoris transfer or a rectus femoris lengthening, 
Salazar-Torres et al. published their retrospective results 
of rectus femoris transfer or lengthening with at least 
1-year follow-up with instrumented gait analysis.39 
Both groups improved their peak knee flexion in swing; 
however, those with GMFCS III/IV cerebral palsy had 
more crouch with the rectus transfer. Crouch was not 
found in the rectus femoris lengthening group.39 The 
groups were not matched, as more children in the transfer 
group had concomitant hamstring lengthenings and more 
bilateral procedures, adding fuel to further debate on the 
indications and type of procedure for a stiff knee gait.

There is a hope in cerebral palsy that if spasticity 
is the driver of all deformities and musculoskeletal 
issues, then if spasticity is eliminated, orthopaedic 
surgical interventions can be eliminated or reduced.40 

A multicenter, retrospective matched cohort study 
examined children with and without a selective dorsal 
rhizotomy with greater than 10-year follow-up.41 
Children who had a selective dorsal rhizotomy had 
decreased spasticity at 10 years, however, underwent 
more orthopaedic surgeries. To date, this is the best 
and most comprehensive level III evidence of the 
musculoskeletal outcomes after selective dorsal 
rhizotomy (SDR) and subsequent orthopaedic surgeries 
with and without SDR.

We all have heard “Nothing ruins a good surgical 
outcome like long-term follow-up.” Boyer et al. 
published their long-term functional outcomes after 
femoral derotation osteotomy compared to those with 
instrumented gait analysis and femoral anteversion 
who did not undergo a femoral derotation osteotomy.42 
Despite a 29 degree difference in femoral rotation, there 
was no change in their long-term functional outcomes. 
The derotation group reported more tripping and falling 
than the control group. This raises the question of the 
importance of restoring the hip abductor moment arm in 
femoral anteversion in cerebral palsy.

Similar to decreases in success in hip surgery, younger 
children who undergo plantarflexor lengthening surgery 
often have recurrence of their equinus. In a single-
center retrospective review, 44% of children under 
the age of 7 at the time of their gastrocnemius soleus 
fascial lengthening or were a GMFCS III had recurrent 
equinus requiring a revision.43 This can assist in 
counseling children and families in the rate of recurrence 
after surgery.

Deep Vein Thrombosis in CP?
With large lower extremity surgery, whether hip 
reconstruction or SEMLs surgery, there are often 
questions about deep vein thrombosis (DVT) prophylaxis 
after surgery. Sees et al. reported their single-center 
retrospective review of 2,583 surgeries in 1,371 
patients.44 They found six DVTs within 3 months of 
surgery. Of the six with postoperative DVTs, five of 
those had a coagulopathy and only three were in the 
lower extremities. This reinforces no routine mechanical 
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or chemoprophylaxis for DVT prophylaxis in children 
with cerebral palsy undergoing hip reconstruction or 
SEMLs and a careful history discussing bleeding/clotting 
disorders preoperatively.

Conclusion
Many important studies have been published and 
presented in the neuromuscular orthopaedics in the 
past year. The demographics of cerebral palsy may be 
changing and creating further disparities in our healthcare 
system. Authors and presenters are to be congratulated 
for moving the bar forward on how we can better care 
for our patients, be more effective with our surgeries, 
and improve the long-term outcomes in our adult patient 
populations.
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