‘ JOURNAL OF
M CHILDREN’S ORTHOPAEDICS

Myelomeningocele: a new functional classification

Luciano S. Dias’
Vineeta T. Swaroop?
Luiz R. A. de Angeli**
Jill E. Larson?
Ana-Marie Rojas’
Tasos Karakostas'

Abstract

Purpose In myelomeningocele, several classifications have
been used. The present manuscript proposes a new function-
al classification to better assess the prognosis and manage-
ment of these patients.

Methods The manual muscle test is what defines the actual
group in which the patient should be included. Furthermore,
this new classification brings information about the bracing
and external supports recommended to each functional lev-
el. We also recommend that the patient’s Functional Mobility
Scale should always be mentioned together with their func-
tional level.

Results The four levels in this classification are MMFCI,
MMFC2, MMFC3 and MMFC4. The MMFC1 group includes
patients with significant muscle weakness. They need to use
high braces crossing the hip joint with a walker to achieve
some ambulation. The MMFC2 group includes patients
who have functional hip flexors, knee extensors and knee
flexors. However, the hip abductors are quite weak. These
patients usually need to use a walker - or crutches - and
Ankle-Foot Orthosis (AFOs). The MMFC3 group includes
patients with functional hip flexors, knee extensors, knee
flexors and hip abductors. However, the ankle plantar flex-
ion function is absent. Most of them are able to walk inde-
pendently, only using AFOs without any external support.
The MMFC4 group includes patients who have preserved
function in the entire lower limb musculature. These pa-
tients don’t need any assistive devices to achieve an ade-
quate ambulation pattern.
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Conclusions We hope that this new classification is a sys-
tem that is simple to understand, serves as a gait progno-
sis guide and facilitates communication among healthcare
professionals.

Level of evidence: V

Cite this article: Dias LS, Swaroop VT, de Angeli LRA, Larson JE,
Rojas AM, Karakostas T. Myelomeningocele: a new functional
classification. J Child Orthop 2021;15:1-5. DOI: 10.1302/1863-
2548.15.200248

Keywords: myelomeningocele; spina bifida; classification;
ambulatory function; functional mobility scale

Introduction

In orthopaedic surgery, several classifications have been
created to facilitate the understanding of diseases and the
communication among surgeons and healthcare profes-
sionals. An effective classification system must be easy to
understand, have a good inter- and intraobserver reliabil-
ity, predict prognosis and be able to guide treatments.'¢

In paediatric orthopaedics, several classification sys-
tems have been used successfully. For example, for Legg-
Calvé-Perthes, the lateral pillar classification by Herring
et al”® has four easy-to-reproduce groups that efficiently
assist communication between surgeons and predict
prognosis. For proximal femoral focal deficiency, Aitken®
proposed a classification into four groups, which is easy to
interpret and also helps the surgeon in terms of prognosis
and choice of treatment.

Within the neuromuscular population, two import-
ant functional classification scales have been introduced:
the Gross Motor Function Classification System' and the
Functional Mobility Scale (FMS)" (Fig. 1). These classifica-
tions are simple to interpret, have great prognostic value
and are helpful in the formulation of the treatment plan.

For the diagnosis of myelomeningocele (spina bifida),
several classification systems have been created in an
attempt to classify the different clinical and anatomical
aspects of the disease.'>'® Sharrard,' Lindseth,” Ferrari et
al'® and Broughton et al'* have all developed classification
systems dividing patients into seven to nine subgroups,
using the anatomical terms thoracic, lumbar and sacral.
Hoffer et al™ proposed a division of patients with myelo-
meningocele into four functional categories: community
ambulator, household ambulator, nonfuctional ambulator
and nonambulator. McDonald et al™® proposed a classifi-
cation system to predict patients’ ability to walk from the
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Ratin@ Rating@

Uses wheelchair:

May stand for transfers, may do
some stepping supported by 4
another person or using a S =
waler/frame.

Rating@

Uses sticks (one or two):

Rating @

Without help from another person.

a rail for stairs.

* If uses furniture, walls, fences, shop front:

Uses Kaye walker or frame:
Without help from another person.

Independent on level surfaces:

Does not use walking aids or need
help from another person.* Requires

Ratin@

Uses crutches:
Without help from another person.

Rating@

Independent on all surfaces:

Does not use any walking aids
or need any help from another
person when walking, running
and climbing stairs.

for support, please use 4 as the appropriate

description.

Fig 1. Functional Mobility Scale (FMS) classification patients rated at 5 m (e.g. home), 50 m (e.g. school) and 500 m (e.g. shopping
mall). A rating of 1, 2, 3, 4, 5 or 6 is given for each distance (reproduced with permission from Kerr Graham)?'

assessment of muscle strength. Bartonek et al™ published
a review of these classification systems and concluded that
there was incompatibility between the anatomically based
and the functional ambulation-based classifications. In
other words, the same lesion levels described in the dif-
ferent classifications do not correlate to the actual ambu-
latory function of the patients. It is important to mention
that Bartonek et al’ did not include the classifications pro-
posed by Schafer and Dias?® in 1983 and Swank and Dias'®
in 1994 in the analysis.

In 2009, our group proposed the use of a functional
classification combined with the FMS (Table 1)."2' This
system is inclusive of the muscles that are strong, the
types of external support and braces that are indicated
for each functional level, as well as the distance that the
patient might be able to walk. The inclusion of the FMS
scale within a myelomeningocele classification system
allows for the quantification of the patient’s functional-
ity, which helps the healthcare team communication and
understanding of the disease evolution in every single
patient.

While there are many published classifications for
myelomeningocele, there is not one unifying or universal
system that integrates qualitative and quantitative infor-
mation about the functionality level of each patient. Based
on an adaptation of our last classification system,?? which
Rethlefsen et al>* has shown to have excellent correlation
with the patient’s ambulatory function, we propose a new
classification that can provide the gait prognosis, facili-
tates patient care decision-making process and enhances
communication among healthcare professionals.

Materials and methods

Our clinical experience of over 45 years suggests that an
ideal classification system for myelomeningocele should:

1. reflect the functional capacity of the patient;
2. have few classification levels;
3. avoid anatomical nomenclature.

We propose the inclusion of the assessment of mus-
cle strength based on the manual muscle test®* (MMT),
ideally done by a physiotherapist. This evaluation is what
defines the actual level in which the patient should be
included. Based in our experience in gait analysis in the
last 30 years, the muscle evaluated is considered func-
tional if its strength is greater than or equal to 3, except for
the medial hamstrings and the gluteus medius, which are
considered functional if muscle strength is greater than or
equal to 2. Thus, the muscle is considered functional if
it is able to assist in some way in the patient’s gait. Fur-
thermore, this new classification brings information about
the bracing and external supports recommended to each
functional level.

To facilitate communication, we suggest some
changes in how to express the patient’s functional level.
Instead of using the anatomical level of the spinal cord
lesion, as has been done before by several authors,'21516.22
we propose the use of a numerical graduation from 1 to
4. Because healthcare professionals tend to abbreviate
the term myelomeningocele using the acronym ‘MM’,
the four levels in this classification are MMFC1, MMFC2,
MMEFC3 and MMFC4 (i.e. Myelomeningocele Functional
Classification). We also recommend that the patient’s
FMS" should always be mentioned together with their
functional level.

It is relevant to mention that this classification system
is dynamic. It may change due to tethered cord compli-
cations, shunt malfunction followed by infection and
severe orthopaedic deformities that prevent the use of
braces.21,23,25,26

Therefore, the classification should be as follows
(Table 2).
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Table 1 Swaroop and Dias Spina Bifida classification (2009)?? (adapted with permission from L. S. Dias)

Group Level of lesion Functional hallmark Ambulatory capacity FMS classification

1 Thoracic, high-lumbar  Lack quadriceps function As children, require hip-spanning orthosis for FMS 1,1,1
ambulation (RGO, HKAFO)
In adulthood, majority require wheelchair for mobility

2 Low-lumbar Lack gluteus medius and maximus function Require crutches and AFOs for ambulation FMS 3,3,1

Retain quadriceps and medial hamstring function ~ Most retain community ambulation as adults
3 Sacral Retain quadriceps and gluteus medius function FMS 6,6,6
High-sacral Lack gastrocnemius-soleus function Ambulate with AFOs and no support

Low-sacral Retain gastrocnemius-soleus function

Ambulate without braces or support

FMS, Functional Mobility Scale; RGO, Reciprocating Gait Orthosis; HKAFO, Hip-Knee-Ankle-Foot Orthosis; AFO, Ankle-Foot Orthosis

Table 2 The Myelomeningocele Functional Classification (MMFC)

Group Functional hallmark FMS classification Assistive devices
MMEFCI1 Might retain iliopsoas function or not Maximum 2,2,1 - Walker
Lack quadriceps function - Hip Spanning Orthoses (RGO or HKAFO)
- Wheelchair for long distances
MMFC2 Retain quadriceps and medial hamstrings function Maximum 3, 3, 3 - Walker or Crutches
Lack gluteus medius function - HKAFOs or AFOs
MMFC3 Retain quadriceps and gluteus medius function Maximum 5, 5, 5 - No external support
Lack gastrocnemius-soleus function - AFOs only
MMFC4 Retain quadriceps and gluteus medius function Maximum 6, 6, 6 - No external support

Retain gastrocnemius-soleus function

- SMOs, insoles or nothing

FMS, Functional Mobility Scale; RGO, Reciprocating Gait Orthosis; HKAFO, Hip-Knee-Ankle-Foot Orthosis; AFO, Ankle-Foot Orthosis; SMO, Supramalleolar

Orthosis

Results
MMEFC1

This group includes patients with significant muscle weak-
ness. The hip flexor strength, represented by the iliopsoas
muscle, may be present, but these patients do not have
significant quadriceps strength. They need to use a Recip-
rocating Gait Orthosis or a Hip-Knee-Ankle-Foot Orthosis
to achieve some ambulation. Most of them will need a
walker as an external support, and some might be able to
use even crutches depending on their level of coordina-
tion and balance.?” However, some may be unable to walk
due to a poor sitting balance.?°

Regarding the FMS, most of them will be 2/2/1 when
young, i.e. under the age of 11 years old. As they gain
weight and get older, which results in high energy cost for
ambulation, they might become 2/1/1 and, invariably, by
the age of 11 to 13 years old, they will become 1/1/1. Few
exceptions are seen. For example, the senior author (LD)
knows at least three MMFC1 patients that are FMS 3/3/1.

Our clinical experience suggests that patients can be
classified within this level as early as birth when the new-
born child shows no active movement of the entire lower
limbs.

MMFC2

This group includes patients who have preserved hip flexor
and knee extensor strength. The medial hamstrings pres-
ent, at least, a muscle strength grade 2, which prevents
excessive anterior pelvic tilt.” However, the function of the
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hip abductors, represented by the gluteal muscles, is not
significant, i.e. less than grade 2 on MMT. These patients
need to use a walker and Ankle-Foot Orthosis (AFOs) usually
before the age of four, and crutches and AFOs thereafter. As
the hip abductors strength is not present, it is very unusual
for these patients to achieve a good ambulation pattern
without using an external support.?” For these children, the
effectiveness of the ambulation pattern could be best deter-
mined by an instrumented gait analysis evaluation.

Regarding the FMS, most of them will be 3/3/3, 3/3/2
or 3/3/1 when young, usually before the age of 13. As
they get older and gain some weight, they might become
3/2/1, 2/2/1 or 2/1/1.

Based on our experience, we cannot predict with cer-
tainty this functional level until the patient is at least four
years old.

MMFC3

This group includes patients with preserved hip flexor
strength, knee extensor and flexor strength and hip
abductors strength, represented mainly by the gluteus
medius function. However, the ankle plantar flexion
function, represented by the gastrocnemius and soleus
muscles, is absent. Most of them are able to walk inde-
pendently, only using AFOs without any external support.
However, depending on the degree of their gluteus lurch,
a few might benefit from the use of crutches for long dis-
tances.?”’

Regarding the FMS, most of them are 5/5/5, 5/5/3 or
5/3/3. As adults, they might become 5/5/1 or 5/3/1.
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Similar to the MMFC2, this level cannot be predicted
until the age of four. An instrumented gait analysis should
be recommended to evaluate their ambulatory status.

MMFC4

This group includes patients who have preserved function
in the entire lower limb musculature, including the ankle
plantar flexors. These patients don’t need any assistive
devices to achieve an adequate ambulation pattern. How-
ever, some might benefit from the use of a Supramalleolar
Orthosis or insoles to maintain a good foot alignment.

Regarding the FMS, they are 6/6/6.

Similar to the MMFCT1, this level can be predicted in the
newborn period.

Discussion

Several classifications for myelomeningocele have been
developed in the past but there is no clear agreement
among the anatomical levels proposed by these differ-
ent classification systems.™ It should also be noted that
many of these classifications do not take into account the
patient’s functional capacity as the main factor.*'%.232829
When referring to a patient with lumbar myelomeningo-
cele, for example, the reader may not understand exactly
which of the numerous lumbar levels already proposed
the author refers to.'2'>'¢ Also, the patients” grouping by
anatomical level can generate misunderstandings, since,
for example, several lumbar level patients may have dif-
ferent functional levels. Thus, within the same anatomical
group, we can include patients who have no gait progno-
sis and patients who can walk without assistive devices.

As previously mentioned, Rethlefsen et al?® demon-
strated that the anatomical classifications, like the Inter-
national Myelodysplasia Study Group’s functional
neurological level and lesion level on radiograph findings,
were less descriptive of ambulatory mobility than our
functional classification,?? which is based on muscle func-
tion, braces and assistive devices used.

Furthermore, in 2015, Bisaro et al*° showed that there
are at least 19 measures that have been used to examine
walking in children with myelomeningocele, and that
there is still no system that is universally used to catego-
rize the ability to walk in these patients. This hinders com-
munication among healthcare professionals, prevents the
formulation of standard treatment guidelines and under-
mines the performance of systematic reviews to assess the
results of treatments performed in this population.

We believe that the functional classification, using a
numerical scale in conjunction with the FMS, is efficient in
predicting gait prognosis, assisting in management deci-
sions and facilitating communication among healthcare
professionals. For example, when referring to a six-year-

old boy that has a grade 3 gluteus medius strength but
does not have strength in the plantar flexors, and can walk
independently at home and school using only AFOs, but
needs crutches for long distances, we would classify him
as an MMFC3 - FMS 5/5/3.

In addition, information about the maximum level
expected in the FMS and the recommendations about
the assistive devices provide practical guidelines for less
experienced professionals. This can improve the under-
standing of the gait prognosis of each functional level and
the counselling of family members regarding the ability to
walk expected for each child.

Our clinical experience suggests that this scaling
approach is dynamic in nature. The functional level can
change with time, as mentioned before, due to several fac-
tors like tethered cord syndrome, shunt malfunction and
severe orthopaedic deformities.?2>2¢ One should always
be aware that classification level changes may be a sign
of a complication, which should require additional inves-
tigation.

In conclusion, as demonstrated earlier,'¢1%2223.30 the best
classification systems rely on a functional grouping. This
is even more essential in myelomeningocele, since what
guides the patient’s treatment is their functional capacity
and not the anatomical level of their spinal cord lesion.
We hope that this new functional classification brings a
system that is simple to understand, easy to apply in clini-
cal practice, serve as a gait prognosis guide and facilitates
communication among healthcare professionals, generat-
ing a positive impact in patients’ care.
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