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Article

Introduction

Patients with neuromuscular diseases, such as cerebral 
palsy (CP), can be very limited in mobility. These mobility 
limitations can have long-lasting effects on lifestyle and 
well-being. In their review of adults with CP, Andersson 
and Mattsson1 report that 35% of patients had decreased 
walking ability and 27% had never been able to walk. 
Eighty percent of these patients reported contractures, and 
18% suffered from pain every day.

1148165 FAOXXX10.1177/24730114221148165Foot & Ankle OrthopaedicsLevine et al
research-article2023

1Department of Orthopaedic Surgery, University of Minnesota, 
Minneapolis, MN, USA
2Department of Orthopaedic Surgery, Regions Hospital, St Paul, MN, 
USA

Corresponding Author:
Sarah Anderson, MD, Department of Orthopaedic Surgery, Regions 
Hospital, University of Minnesota, 640 Jackson Street, St Paul, MN 
55101, USA. 
Email: Sarah.a.anderson@healthpartners.com

A Case Series Evaluating Postoperative 
Complications of Foot and Ankle Surgeries 
in Adult Patients With Neuromuscular 
Disease

Joshua Levine, BA1,2, Sophia Mavrommatis, BS/BA1,2, Sandy Vang, BA1,2,  
and Sarah Anderson, MD1,2

Abstract
Background: Patients with neuromuscular diseases such as cerebral palsy (CP) are living longer because of advances in 
medicine, yielding a larger number of adult patients that could benefit from corrective surgery. However, some surgeons 
are hesitant to offer surgery to these patients because of concern for postoperative complications. A paucity of literature 
exists that describes complications in patients undergoing foot and ankle surgery for neuromuscular diseases. The primary 
study outcome was to identify the postoperative complication rates associated with foot and ankle surgery in adult 
patients with neuromuscular disease.
Methods: The charts of patients with neuromuscular diseases who had foot and ankle surgery by the senior author at 
a single institution from March 2010 to March 2020 were reviewed. Patient charts were reviewed for demographic data, 
medical history and diagnoses, and surgical treatment information. Only patients’ index procedures with the senior author 
were evaluated for surgical data. Patient charts were assessed to determine the presence or absence of a postoperative 
complication following an index procedure.
Results: In a cohort of 42 patients, females comprised 60% of the patient cohort. The average age was 35 (range, 20-69) 
years old. CP was the most common neuromuscular diagnosis at 52% (22 of 42) patients. Eighteen percent (11 of 60) of 
the index surgeries had 1 or more complication with a total of 13 complications. The overall wound complication rate was 
10% (6 of 60), infection rate was 8% (5 of 60), and the nonunion rate following arthrodesis was 10% (2 of 21).
Conclusion: We conclude that foot and ankle surgery in this complex population can be done safely, with postoperative 
complication rates similar to the average population. Although these patients may present with unique challenges, surgeons 
should not forgo surgery out of concern for postoperative complications.

Level of Evidence: Level IV, retrospective cohort study at a single institution.
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Adult patients with neuromuscular disease commonly 
experience limb deformities among other musculoskeletal 
pathologies.7 Fabry et al3 showed that conservative treat-
ment with shoes, lifts, and bracing was not effective in 
correcting bony deformity. Patients with neuromuscular 
diseases such as CP are living longer because of advances 
in medicine. Increased life expectancy in this patient pop-
ulation combined with desire for improved function cre-
ates a large number of patients who may benefit from 
deformity correction.

To our knowledge, there is no literature that reports post-
operative complications following foot and ankle surgery in 
the population of adults with neuromuscular disease. Some 
surgeons are hesitant to offer surgery to these patients 
because of concern for complications. This study seeks to 
provide more information regarding postoperative compli-
cations associated with foot and ankle surgery in adult 
patients with neuromuscular disease.

Methods

Following approval from the institutional review board, a 
retrospective chart review was conducted on patients with 
neuromuscular disease who underwent foot and ankle sur-
gery by the senior author from March 2010 to March 2020. 
Fifty-two extremities in 42 patients were included in the 
final analysis. Inclusion criteria were the diagnosis of a neu-
romuscular condition leading to weakness, spasticity, or 
deformity of the foot or ankle; surgery performed to correct 
foot deformity; age >18 years at time of surgery, and a min-
imal follow-up of 6 months for arthrodesis procedures and 
3 months for all other procedures. Exclusion criteria 
included the following: (1) patients with Charcot-Marie-
Tooth (CMT) disease; (2) patients with inadequate follow-
up; (3) patients with uncontrolled or complicated diabetes; 
and (4) patients on our institution’s research exclusion list.

The primary study outcome was to identify the overall 
complication rate associated with foot and ankle surgeries 
in adult patients with neuromuscular disease. Patient 
charts were reviewed for demographic data, medical his-
tory and diagnoses, and surgical treatment information. 
For the purpose of our study, we identified an index sur-
gery as the first surgical intervention performed on a 
given extremity for a unique foot and ankle pathology. 
Only the index surgery was evaluated for complications. 
Subsequent surgeries such as irrigation and debridement, 
hardware removal, or revision surgery were not sepa-
rately assessed for complications. Operative notes for 
index surgeries were then reviewed to classify the proce-
dure type(s). Procedures were classified into categories of 
Achilles lengthening, other tendon lengthenings or tenot-
omies, tendon transfers, arthrodesis, osteotomy, lesser toe 
procedures, or other.

Patient charts were further reviewed to determine the 
presence or absence of a postoperative complication fol-
lowing index surgery. We defined a postoperative complica-
tion as the development of wound problems, infection, 
nonunion or delayed union, or medical complication. 
Wound problems were defined as delayed healing or dehis-
cence requiring additional treatment to obtain final healing. 
Medical complications included, but were not limited to, 
deep vein thrombosis, pulmonary embolism, and sepsis. 
Patients’ postoperative follow-up appointment notes, emer-
gency department visit notes, and hospital admission notes 
were evaluated to assess for complications.

Results

The final patient cohort consisted of 42 patients (52 extrem-
ities). The cohort was 60% female (25 of 42 patients). The 
average age was 35 years (range, 20-69). CP was the most 
common neuromuscular diagnosis, accounting for 52% of 
the patients (22 of 42 patients). Patients were affected by 
conditions including CP, spina bifida, multiple sclerosis, 
Down syndrome, Rett syndrome, Hallervorden-Spatz syn-
drome, Apert syndrome, muscular dystrophy, leukodystro-
phy, cerebrovascular injury, spinal cord injury, traumatic 
brain injury, and transverse myelitis. Patient demographic 
information and neuromuscular diagnoses are summarized 
in Table 1.

A total of 60 index surgeries were performed. The 
number of procedures performed during a patient’s index 
surgery ranged from 1 to 15, with an average of 3.3 pro-
cedures per index surgery. Achilles lengthening was the 
most common procedure performed, occurring in 45% 
(27 of 60) of index surgeries. Tendon transfers and 
arthrodesis were the next most common procedure types, 

Table 1.  Demographics (N = 42).

Mean (Range) or Frequency 
(Percent)

Age 35 (20-69)
Gender
  Male 17 (40)
  Female 25 (60)
Diagnosis
  Cerebral palsy 22 (52)
  Muscular dystrophy 1 (2)
  CVA/anoxic brain injury 2 (5)
  Spastic-plegia 9 (21)
  Spina bifida 4 (10)
  Other 15 (36)
Number of procedures per 

index surgery
3.3 (1-15)

Abbreviation: CVA, cerebrovascular accident.
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occurring in 40% (24 of 60) and 35% (21 of 60) of index 
surgeries, respectively. Osteotomies were performed in 
30% (18 of 60) of index surgeries, whereas tendon length-
ening and tenotomies were performed in 23% (14 of 60) 
of index surgeries. Lesser toe procedures were performed 
in 13% (8 of 60) of index surgeries.

Mean follow-up in the study was 20 months. Thirteen 
complications in 11 patients were noted, resulting in an 
18% (11 of 60) complication rate of index surgeries. The 
overall wound complication rate was 10% (6 of 60); infec-
tion rate was 8% (5 of 60), and delayed union/nonunion rate 
following arthrodesis was 10% (2 of 21). No patients suf-
fered serious medical complications, such as deep vein 
thrombosis, pulmonary embolism, or sepsis. A full break-
down of complications by patient, deformity, and corre-
sponding procedure(s) can be found in Table 2.

Discussion

Many neuromuscular diseases are associated with static or 
progressive foot and ankle deformity. Murphy6 comments 
that although CP is neurologically nonprogressive, many 
secondary conditions may develop, including contractures, 
degenerative arthritis, and foot deformities. 12,13 Although 
these foot issues may be asymptomatic in teens, they can 
lead to limited mobility and weightbearing difficulties later 
in life.4,6,9 Flexible deformities can also become fixed as the 
soft tissues contract.3

A study of 221 adults with CP found that 80% reported 
contractures and 77% reported problems with spasticity.1 
Another study of 72 adults with CP found that the effects of 
CP evolve into adulthood, with loss of ambulation and dete-
rioration in walking distance. Among the 72% of the sample 
who had previously walked, 24% had stopped walking, 
mainly before the age of 40 years.1 Even if restoration of 
ambulation is not possible, obtaining a functional position 
of the foot is still of great importance. The ability to safely 
stand and pivot, take short steps in and out of the bathroom, 
and reach for overhead objects all require a tolerant position 
of the foot.7

Several studies have reported successful foot and ankle 
surgery in adults with CP. Triple arthrodesis combined with 
soft tissue release and osteotomy was shown in one study to 
achieve a functional weightbearing position of the foot 
throughout the adult years.7 Another study evaluated triple 
arthrodesis in patients with rigid pes planus deformity. In 
this study, Horstmann et  al5 reported that resolution of 
deformity provided an adequate base for standing and 
improved ability to tolerate shoe wear and/or braces. These 
studies demonstrate that patients with neuromuscular dis-
ease can benefit from surgical treatment.

Foot and ankle surgery has also been found to be benefi-
cial in spina bifida patients. Positioning of the foot in these 
patients can be challenging, and foot deformity can prevent 
successful shoe wear or foot positioning in a wheelchair. 

One study found surgical tenotomy to be more reliable for 
achieving lasting correction and preventing recurrence as 
compared to tendon transfer or lengthening. For bony defor-
mities, osteotomies are the treatment of choice, as correction 
is achieved while preserving joint motion.10 Another review 
of 84 adults with spina bifida found that surgical procedures 
aimed at maintaining a plantigrade foot were beneficial.8

In our cohort of 46 patients, we noted an 18% (11 of 60) 
complication rate. This compares favorably with previous 
literature on elective foot and ankle surgery.

We found our wound complication rate to be similar to 
that of a general elective foot and ankle surgery population. 
In a study of 290 foot and ankle patients (295 elective sur-
geries), 16.9% had postoperative wound complications.14 In 
our study, 10% (6 of 60) of index surgeries developed 
wound complications.

Our cohort’s nonunion rate was similar to that demon-
strated in previous foot and ankle literature. One article 
cited nonunion rates at approximately 12% for foot and 
ankle arthrodesis.11 In our study, a total of 21 index surger-
ies involved arthrodesis, and 10% (2 of 21) of those resulted 
in nonunion. However, our diagnosis of nonunion was 
based on radiographs and clinical examination. As some 
studies have used routine computed tomography scan to 
evaluate fusion rates, the current study may underrepresent 
some subclinical nonunions.

We did find that our infection rate was higher than that 
reported in the general foot and ankle surgery literature. 
One study of 631 patients undergoing foot and ankle sur-
gery found the infection rates to be 2% to 3%.2 In our 
study, 8% (5 of 60) of index surgeries were complicated 
by infection.

Interestingly, whereas spina bifida patients comprised 
only 10% of our patient cohort (4 of 42 patients) they 
accounted for 38% (5 of 13) of the overall complications. 
These patients accounted for 100% of the nonunions (2 of 
2) and 60% (3 of 5) of the infections. Our findings are 
reflected in other orthopaedic surgery literature with higher 
rates of infection and nonunion found in spina bifida 
patients undergoing hip and spine surgery.15

The study’s main strength is that it adds to a paucity of 
literature regarding outcomes of foot and ankle surgery in 
adults with neuromuscular disease. To our knowledge, there 
is no literature that reports postoperative complications fol-
lowing foot and ankle surgery in the population of adults with 
neuromuscular disease. Our findings can provide surgeons 
with more information regarding risks of surgery in this par-
ticular patient population and promote future discussion.

This study also has several limitations. The study is lim-
ited to 1 surgeon at 1 geographic location within a single 
hospital system, which may limit its applicability in differ-
ent environments. The study also had a relatively short fol-
low-up period. Although this should adequately demonstrate 
the majority of early complications, it is possible that a non-
union could go undetected until later in the postoperative 



4	

T
ab

le
 2

. 
Su

m
m

ar
y 

of
 C

om
pl

ic
at

io
ns

.

C
om

pl
ic

at
io

ns
G

en
de

r
A

ge
D

ef
or

m
ity

(s
) 

R
eq

ui
ri

ng
 C

or
re

ct
io

n
Pr

oc
ed

ur
es

N
eu

ro
m

us
cu

la
r 

D
ia

gn
os

is
N

on
un

io
n

In
fe

ct
io

n
W

ou
nd

 
C

om
pl

ic
at

io
ns

1
M

al
e

45
V

ar
us

, s
up

in
at

io
n

1.
 T

ib
io

ta
lo

ca
lc

an
ea

l f
us

io
n

Sp
in

a 
bi

fid
a

x
x

 
2

M
al

e
28

V
ar

us
, a

dd
uc

tio
n,

 
su

pi
na

tio
n

1.
 V

al
gu

s 
pr

od
uc

in
g 

la
te

ra
l t

ra
ns

la
tin

g 
ca

lc
an

ea
l o

st
eo

to
m

y
2.

 R
ot

at
io

na
l m

id
fo

ot
 o

st
eo

to
m

y
3.

 P
er

on
ea

l t
en

do
n 

ex
pl

or
at

io
n,

 d
eb

ri
de

m
en

t, 
an

d 
tr

an
sf

er
4.

 T
ib

ia
lis

 a
nt

er
io

r 
tr

an
sf

er
5.

 H
ar

dw
ar

e 
re

m
ov

al
6.

 F
ir

st
 m

et
at

ar
sa

l p
ha

la
ng

ea
l j

oi
nt

 e
ffu

si
on

C
er

eb
ra

l p
al

sy
x

x

3
M

al
e

22
Fo

re
fo

ot
 v

ar
us

, 
ad

du
ct

io
n,

 
su

pi
na

tio
n

1.
 �R

ig
ht

 fo
ot

 d
ef

or
m

ity
 c

or
re

ct
io

n 
w

ith
 fi

rs
t 

ta
rs

om
et

at
ar

sa
l j

oi
nt

 
fu

si
on

 a
nd

 b
on

e 
bl

oc
k

2.
 �In

te
rp

ha
la

ng
ea

l j
oi

nt
 fu

si
on

 o
f t

he
 g

re
at

 t
oe

 p
ro

xi
m

al
 

in
te

rp
ha

la
ng

ea
l j

oi
nt

3.
 F

us
io

ns
 o

f t
oe

s 
2 

th
ro

ug
h 

5
4.

 T
ib

ia
lis

 a
nt

er
io

r 
te

nd
on

 t
ra

ns
fe

r

Sp
in

a 
bi

fid
a

x
 

4
M

al
e

28
Fl

ex
io

n 
of

 d
is

ta
l 

in
te

rp
ha

la
ng

ea
l j

oi
nt

H
am

m
er

to
e 

re
pa

ir
—

fu
si

on
 w

ith
 s

cr
ew

, s
ec

on
d 

to
e,

 le
ft

Sp
in

a 
bi

fid
a

x
 

 
M

al
e

28
Fl

ex
io

n 
of

 d
is

ta
l 

in
te

rp
ha

la
ng

ea
l j

oi
nt

H
am

m
er

to
e 

re
pa

ir
—

fu
si

on
 w

ith
 s

cr
ew

, s
ec

on
d 

to
e,

 r
ig

ht
Sp

in
a 

bi
fid

a
x

 

5
Fe

m
al

e
45

Eq
ui

nu
s,

 v
ar

us
1.

 A
ch

ill
es

 t
en

do
n 

le
ng

th
en

in
g,

 le
ft

2.
 T

ib
ia

lis
 a

nt
er

io
r 

te
nd

on
 t

ra
ns

fe
r,

 le
ft

3.
 F

le
xo

r 
ha

llu
ci

s 
lo

ng
us

 p
er

cu
ta

ne
ou

s 
te

no
to

m
y,

 le
ft

C
er

eb
ra

l p
al

sy
x

 
Fe

m
al

e
45

Eq
ui

nu
s,

 v
ar

us
1.

 A
ch

ill
es

 t
en

do
n 

le
ng

th
en

in
g,

 r
ig

ht
2.

 T
ib

ia
lis

 a
nt

er
io

r 
te

nd
on

 t
ra

ns
fe

r,
 r

ig
ht

3.
 F

le
xo

r 
ha

llu
ci

s 
lo

ng
us

 p
er

cu
ta

ne
ou

s 
te

no
to

m
y,

 r
ig

ht

C
er

eb
ra

l p
al

sy
x

6
M

al
e

38
H

al
lu

x 
va

lg
us

M
et

at
ar

sa
l j

oi
nt

 fu
si

on
C

er
eb

ra
l p

al
sy

x
 

7
M

al
e

51
Eq

ui
nu

s
1.

 A
ch

ill
es

 t
en

do
n 

le
ng

th
en

in
g

2.
 �T

ib
ia

lis
 p

os
te

ri
or

, f
le

xo
r 

di
gi

to
ru

m
 lo

ng
us

, a
nd

 fl
ex

or
 h

al
lu

ci
s 

lo
ng

us
 le

ng
th

en
in

g

M
ul

tip
le

 s
cl

er
os

is
x

8
Fe

m
al

e
45

Eq
ui

no
va

ru
s,

 
su

pi
na

tio
n

1.
 L

ef
t 

A
ch

ill
es

 t
en

do
n 

le
ng

th
en

in
g

2.
 P

os
te

ri
or

 c
ap

su
la

r 
re

le
as

e 
of

 t
he

 a
nk

le
3.

 A
nt

er
io

r 
tib

ia
lis

 t
o 

m
id

fo
ot

 t
ra

ns
fe

r
4.

 �O
pe

n 
re

co
ns

tr
uc

tio
n 

of
 la

te
ra

l a
nk

le
 li

ga
m

en
t 

w
ith

 r
er

ou
tin

g 
of

 
th

e 
pe

ro
ne

us
 b

re
vi

s 
te

nd
on

.

H
al

le
rv

or
de

n-
Sp

at
z 

sy
nd

ro
m

e
x

9
Fe

m
al

e
51

Eq
ui

no
va

ru
s,

 
su

pi
na

tio
n

1.
 A

ch
ill

es
 t

en
do

n 
le

ng
th

en
in

g
2.

 H
ar

dw
ar

e 
re

m
ov

al
3.

 �R
ev

is
io

n 
of

 le
ft

 s
ub

ta
la

r 
jo

in
t, 

ta
lo

na
vi

cu
la

r 
jo

in
t, 

an
d 

ca
lc

an
eo

cu
bo

id
 jo

in
t 

re
qu

ir
in

g 
su

bt
al

ar
 jo

in
t 

os
te

ot
om

y 
an

d 
ex

te
ns

iv
e 

bo
ne

 b
lo

ck
 g

ra
ft

in
g 

to
 c

or
re

ct
 d

ef
or

m
ity

C
er

eb
ra

l p
al

sy
x



Levine et al	 5

course. We also define nonunion based on clinical examina-
tion and radiographs rather than standardized computed 
tomography scan, which could lead to an artificially low 
nonunion rate compared with other literature. Another limi-
tation is we did not account for adverse effects on mobility 
as a result from surgery. Many of the patients had limited 
mobility at baseline; thus, measuring their changes in 
mobility would be challenging. Additionally, the patients 
have a wide range of diagnoses with a wide range of various 
surgeries. Finally, a comparison of our complication rates to 
the general patient population is difficult without a control 
group. Because many of these patients had complex defor-
mities and the surgeries were often quite complicated with 
up to 15 procedures per surgery, we decided it would not be 
feasible to create a comparable control group.

Additional research is certainly warranted to further our 
understanding of foot and ankle surgeries in patients with 
neuromuscular disease. Future studies could include a 
larger patient series, longer follow-up, and use of patient-
reported outcomes, radiographic evaluation, and degree of 
correction. A larger patient series may also benefit from fur-
ther stratification based on primary neuromuscular diagno-
sis and/or particular surgical procedures.

Conclusion

With an overall complication rate of 18% (11 of 60), our 
study found that surgical intervention for deformity correc-
tion in patients with neuromuscular disease does not carry an 
increased risk of postoperative complications. Although 
these patients may present with unique challenges, surgeons 
should not forgo surgery for concern of increased risk for 
postoperative complications (with a possible exception to 
spina bifida patients). Further research is warranted to report 
outcome measures, better understand the risk for complica-
tions in this population, as well as stratify risk based on pro-
cedure type and specific neuromuscular disease.
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