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Abstract

GNE myopathy is a rare, predominantly distal myopathy, involving mainly the lower limbs and presenting with gait disturbances. In this
cross-sectional study gait evaluation of 23 (14 men) genetically confirmed GNE myopathy patients was done using Instrumented walkway
analysis (GAITRite®) along with video gait capture. We recorded the topographical pattern of muscles involvement in lower limbs and
correlated Functional Ambulation Profile-FAP and Medical Research council-MRC grading of lower limb scores with duration of illness.
Early foot flat, foot drop gait with wider out-toed stance and higher perturbations with increased pressure at heel and decreased arm swing
were noted. Muscle topography showed predominant weakness in ankle dorsi-flexors, flexor hallucis longus, extensor hallucis longus, hip
adductors and knee flexors with stark sparing of quadriceps and relative sparing of hip- abductors, extensors, flexors and ankle plantar-flexors.
Gait parameters in women were significantly more affected than men (p < 0.05) for the same duration of illness. FAP score and MRC
grading of lower limb scores correlated significantly with duration of illness (»p < 0.05). We observed that ankle dorsiflexors were affected
earliest with sparing of quadriceps muscles in these patients.
© 2019 Elsevier B.V. All rights reserved.
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1. Introduction glycolipid stability. [6] GNE myopathy usually presents with
foot drop in lower limbs, with progression from distal
to proximal muscles with variable onset but occurs most

commonly in the 3rd decade of life. It characteristically spares

GNE myopathy is a rare disease, which is also
known by other names like Nonaka myopathy, distal

myopathy with rimmed vacuoles-DMRYV, hereditary inclusion
body myopathy-HIBM, Inclusion body myopathy 2-IBM2
and quadriceps sparing myopathy. It has a prevalence
of 1-21/1000,000 population. [1-5] It is an autosomal
recessive disease caused by Dbi-allelic inheritance of
variable mutations in the GNE gene on chromosome 9,
encoding a bifunctional enzyme- uridine diphosphate-N-
acetylglucosamine 2-epimerase /N-acetylmannosamine kinase
required in sialic acid- 5-N-acetylneuraminic acid (Neu5Ac)
synthesis, which in turn plays a role in glycoprotein and
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the quadriceps, even in late stages of illness. Usually posterior
thigh muscles and anterior leg muscles are the more involved
groups. [1,3]

The GAITRite is a relatively new equipment, which is
considered reliable and is the current gold standard for
temporal and spatial evaluation of gait. [7-9]. It has been
used for gait analysis in patients with Facio Scapulo Humeral
Dystrophy, Becker’s Muscular Dystrophy, Limb Girdle
Muscular Dystrophy, Amyotrophic Lateral Sclerosis, Multiple
Sclerosis, Parkinson’s disease and Myotonic dystrophy among
other neurological disorders. It has also been used in
otherwise health elderly individuals to observe the effect of
assistive devices on gait. [7,9-17]
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FAP (Functional Ambulation Profile) Score is an
automated value generated by the GAITRite system, using
various Spatio-temporal (ST) parameters from a total score
of 100. The values for a normal adult fall between 95 and
100. FAP score is inversely proportional to the level of gait
impairment and has been found to be a reliable marker of
gait impairment in various related disorders. [18-21]

Very few studies have been done with GNE myopathy
patients evaluating their functionality during the course of
illness and no objective study is available in literature
on the gait deterioration over time, which is the first
symptom in most of these patients. [22] Studying the
disease progression and its effect on ambulation would
help in planning rehabilitation interventions, reducing health
care cost and improving quality of life. The objective of
this cross-sectional study was to identify and describe the
topographical patterns of muscle weakness in ambulatory
GNE myopathy patients who are at various phases of disease.
We also attempted to identify variations in spatio-temporal
gait parameters objectively, and correlate them with the
muscle weakness pattern. Another objective was to observe if
pattern of weakness has any gender bias.

2. Methods

This Cross-sectional study was conducted in the Gait
analysis laboratory of the department of neurological
rehabilitation in a tertiary research hospital between
September 2017 and May 2018.

Institute’s Ethics Committee approved the study and
written informed consent was taken from all the participants.
A total of 23 participants with genetically confirmed GNE
myopathy were recruited with age ranging between 28 and 45
years. Participants who were medically stable and independent
ambulators were included. Participants using walking aids or
assistance for ambulation were excluded. We also excluded
participants with medical co-morbidities that could cause
errors in gait analysis.

2.1. GNE participants

Participants were recruited from the Neuro-muscular
disorders clinic where diagnosis was made by a team of
Neurologists. Individuals who demonstrated characteristic
clinical features of GNE myopathy were further investigated.
These patients showed normal to slightly elevated creatinine
kinase-CK levels, electromyography and histopathological
studies suggestive of GNE myopathy were investigated further
using next generation sequencing and Sanger sequencing for
confirmation of diagnosis. These genetically confirmed GNE
myopathy patients were approached for written consent to
participate in the study. Data regarding demographic details,
history of complaints, family chart and clinical examination
including detailed muscle charting by Manual Muscle testing
(MMT) with grading as per MRC (Medical Research Council)
was collected by one of the investigators.

2.2. GAITRite

It consists of a portable 16 feet long computerised mat
embedded with a grid of over 18,000 pressure sensors.
This allows for objective capture of temporal and spatial
gait characteristics, values of which can be immediately
visualised graphically and compared to normative data.
The values obtained can be exported directly to Microsoft
Excel for statistical analysis. The software has provisions
to receive input from external video devices, providing
scope for observational analysis with synced color-coded
pictographical representation of pressure sensor triggering
patterns by the subject’s feet. Spatial and temporal parameters,
line of progression, FAP score, base of support, phases of
gait and out-toeing angle are objectively calculated by the
software.

2.3. Experimental set-up

The participants were instructed to walk 4 times on the
GAITRite walkway at a comfortable pace after feeding the
data including the limb length into the software (version
4.8.7). The sensor data was sampled at 120Hz and synced
to the video recording of the walk. It was then reviewed
immediately to sieve out errors and walks were repeated if
needed, to obtain clean data for analysis.

2.4. Data capture

The Observational analysis was conducted using the
synced video-sensor activation combo to determine the
sequence of contact of various points of foot and their removal
with colour coded pressure intensity displayed in real time at
each point. Line of progression, duration of heel contact, toe
contact and percentages were calculated automatically by the
system.

2.5. Statistical analysis

One of the co-authors, from the department of Biostatistics
analysed the exported data using SPSS 22.0 software. Data
was found to be non-parametric using Shapiro Wilk test of
normality. Correlations were evaluated using Spearman’s Rho,
considering a value of p < 0.05 to be significant. Comparison
between men and women were made using Mann Whitney U
test with value of p < 0.05 was considered significant.

3. Results
3.1. Demographics and clinical features

Fourteen out of the total 23 participants, (61%) were men.
The median age at evaluation was 33yrs (range 28-45 vy),
median age at onset of illness was 27yrs (range 1642 y).
The age of onset of illness varied within the cohort with 3
participants had onset between 15 and 20 years, 13 between
21 and 30 years, 5 between 31 and 40 years and 2 participants
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Fig. 1. GNE myopathy: Illness duration and it’s correlation with gait parameters (with p values at the bottom of the figure in the bracket).

Table 1
Demographics and spatio-temporal gait characteristics of patients with GNE
Myopathy.

Mean Median Std. Deviation Percentiles

25 75
Age 344 33 8.2 28 39
Duration of illness (yrs) 5.8 5 3.1 4 6.5
Age of onset (yrs) 28.7 27 7.9 24 325
Velocity (cm/sec) 747  79.5 23.1 56.3 94.5

Average step time (msec) 72 68 11 63 78

Average Step length (sec) 51.5 51.6 11.2 439 614
Average Base of support (cm) 14.5 13.9 5.8 9.3 18.1
Average Swing% 359 363 32 34.8 38.2
Average Stance% 64.1 63.7 32 619 653
Average Toe Out angle 184 175 8.6 12 22

FAP Score 813 88 16.8 72 95

Cadence 85.1 88 11.5 775 953

were over 40. The duration of illness varied between 3 and
18 years with a median of 5 years. 1 male patient with 18
years of illness duration was still ambulant at the time of
recruitment in the study. Participants presented with foot-drop
gait with difficulty in clearing objects early in the course
of the disease, while those with more advanced progression
complained of slowing of gait with a greater propensity to fall
and inability to climb stairs or rise from the floor/ bed/ chair.
They had an unstable gait with wider base, shorter steps, flail
feet and significant out-toeing.

3.2. Temporal and spatial characteristics

The median and mean values of temporal and spatial gait
parameters are represented in Table | and the correlation
of different gait parameters with duration of illness are
represented in Fig. 1.

3.3. Gender difference in the study

The mean age of presentation of illness varied for men
and women. The mean age of presentation was 34.6yrs and
34.1yrs, age of onset of illness was 28.5yrs and 28.9yrs, and
duration of illness was 6.1yrs and 5.2yrs for men and women
respectively. Median comparison of gait parameters of men
and women with Q25 and Q75 confidence intervals (error
bars) are denoted in Fig. 2. There was statistically significant
difference in gait parameters between the genders with women
having slower speed (p=0.007), shorter steps (p=0.002),
wider base of gait (p=0.039), and a more unstable FAP
(p=0.033) gait with lower ankle dorsiflexors (p =0.039) and
total MRC scores (p=0.039). Fig. 3.

3.4. Observational gait analysis

On reviewing the synced pattern of activation of sensors
to gait video, we noted the following changes, which become
more prominent as the disease duration increases:

1. Participants with longer duration symptoms demonstrated a
characteristic foot drop gait with initial contact occurring
at the lateral forefoot border followed by rapid loading
forces at the heel.

2. As the disease duration increased, the pressure distribution
was more concentrated at the heel with poor push off at
terminal stance. This was also reflected by an increased
overlap between heel contact and toe contact time on the
mat.

3. With further advancement of illness duration and severity,
there was an increase in step width, angle of out-toeing,
higher perturbations in stance phase, quicker swing phase,
increased severity of Trendelenburg gait with a waddle and
a decrease in arm swing.
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Fig. 2. Gender and spatio-temporal gait characteristics.

3.5. Muscle involvement pattern

The average MRC score of each muscle in our cohort is
represented in Fig. 4.

4. Discussion

More than 60% of the participants were men. Some earlier
studies have reported women outnumbering men in their
cohort. [4,23-25] Majority of our participants had onset of
gait disturbance in the 3rd decade of life. Two participants
had late onset of illness (in early Sth decade of life), which
is not rare and has been reported earlier also. [14]

A key feature of GNE myopathy is late and negligible
involvement of the quadriceps with gradual involvement of
the proximal musculature in the lower limbs in the later
stages of illness, which was observed in our study also.
[1,26,27] A systematic review has reported that the disease
process in the early stages affects predominantly; the gluteus
minimus, biceps femoris, tibialis anterior and gastro-soleus.
[28] Our study indicates that the hip adductors and ankle
dorsiflexors are the most affected muscle groups early in the
disease process, followed by knee flexors, hip flexors and hip
abductors. Stabilization of the distal joints with the use of

splints such as solid/leaf-spring Ankle Foot Orthoses (AFO)
can improve efficiency, speed and stability of gait especially
since the quadriceps sparing obviates the need to stabilize
the knee. With this modification the main concern is pelvic
stability which can be facilitated with walking aids in later
stages of illness.

We observed that duration of illness correlated with
increased delay in step time and wider base of support.
Similarly there was decrease in walking speed, shorter step
length, decrease in FAP score (i.e. increase in gait instability)
and decrease in cadence with duration of illness, which
was statistically significant (p < 0.05). Longer duration of
illness correlated with quicker swing and longer stance and
an increase in toe-out angle, although these findings were
not observed to be statistically significant (p > 0.05). In
our study, decrease in velocity correlated with increase step
time, increase in step width, quicker swing and longer stance,
decrease in FAP score and increase in cadence.

Women have been reported to have an earlier onset
of disease. [5] Although men in our study were older at
presentation, both men and women had a similar median age
of onset of illness and duration of illness. The difference in
gait parameters were statistically significant; Women walked
slower, with a shorter step length, had a wider base of
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Left column denotes the pressure sensor readings of a normal left and right foot. The Right
column denotes the feet of a participant with GNE Myopathy.

Arrows No - 1 : Normal line of progression with well distributed pressure color, 2: Concentration
of pressure on heel, 3: Squiggly line of progression indicating perturbations during stance,

4: Normal heel contact (yellow line) and toe contact (blue line) overlap and percentages of each
in stance phase, 5: Increase in the overlap and prolonged duration of stance

Fig. 3. Screenshot of Gait Pressure sensors display pattern of placement of foot.

support, quicker swing and longer ‘stance phase’ percentage.
Although women, due to their shorter stature are expected
to have slightly lower gait velocity, the difference was more
pronounced in our cohort. [29] FAP score is independent
of gender and should fall between 95 and 100. Our study
showed a significantly lower score in women suggesting they
had objectively greater gait impairment. This could imply that
women have a more drastic drop in gait efficiency over time
i.e. a more rapid disease progression. There was no other
study found in patients with GNE myopathy in literature
comparing the disease process on gender basis.

Most participants in the study had foot-drop, which
correlated with the least MRC score for ankle dorsiflexors
at presentation and a steep slope of decline with increase
in duration of disease. Ankle dorsiflexors’ weakness is
compounded with plantar flexor weakness later in the disease,
which results in instability at the ankle (flail foot) causing
increase in perturbations during stance. As the plantar flexor
weakness increases, the ability of the limb to distribute weight

via active plantar flexion, to the mid and forefoot diminishes
resulting in a poor or negligible push off at mid and terminal
stance phases. With such a flail ankle, all the weight of the
body is mainly concentrated at the heel which is picked up
by the pressure sensors. Studies in other Myopathies such
as Facio-scapulo-humeral Dystrophy (FSHD) revealed inverse
relation between ankle dorsiflexor strength and heel pressure
percentage. [30]

5. Conclusion

In the present study we observed that ankle dorsiflexors
and hip adductors are the earliest muscles involved in GNE
myopathy participants with gradual involvement of other
muscle groups as the illness advances. There was significant
correlation between the duration of illness and average
step time & average heel-to-heel base support. Greater gait
difficulty in women as compare to men with similar illness
duration was observed. Progression from foot drop to flail
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Fig. 4. MRC Muscle power grading of the lower limb muscles at the time of gait assessment.
X axis: MRC grade of muscle power, Y axis: muscle/s involvement in the lower limb.

foot, Trendelenberg and waddling gait as the illness advances
was noted. FAP scores correlated well with worsening gait
parameters proving its utility as an objective measure of gait
impairment.

5.1. Limitations and further scope of the study

The results of the study should be inferred cautiously in
the light of small sample size. Further studies can incorporate
elements of dynamic testing of gait Eg: Use of hurdles, open
vs closed eye gait comparison and dual task gait assessment.
Use of outcome scales for disability and evaluation of energy
expenditure such as PCI (Physiological cost index), may be
of use to further quantify degree of affection and disability.
Follow up analysis may be of importance to analyze disease
progression pattern and the effect of rehabilitation with and
without the use of orthoses such as AFOs and walking aids
on gait of these participants.
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