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Abstract

NGLY1 Deficiency is an autosomal recessive congenital disorder that has been
identified in less than 100 individuals. Most individuals with NGLY1 Deficien-
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dystonic myoclonic, dyskinetic, and dysmetric movements. Developing a con-
sistent and concise consensus on the classification and evaluation of tremors
is essential to forward the research and treatment of tremors. It has also been
reported that some individuals with NGLY1 Deficiency demonstrate tremor,
but such tremor has never been formally investigated. The primary objective
of this study is to determine if an individual with NGLY1 Deficiency demon-
strates an identifiable tremor during a series of arm movements and, if so,
describe the frequency and power characteristics of that tremor. Arm move-
ment kinematics were obtained using a 16-camera Vicon system, and time se-
ries trajectory waveforms for three planes of a marker placed on the hand were
developed. Custom MATLAB scripts were utilized to compute Fast Fourier
Transformations of the data within the identified waveform segments. A mean
frequency of 2.30 Hz (SD = 1.05) with a mean power of 5.02 |P1(f)| (SD =
4.63) suggests that our participant’s kinematic data did display a persistent
tremor in both hands across all tasks and movement planes. Analyses of the
reaching hand and the non-reaching hand suggest the participant displayed
an action tremor in both postural and intention (kinetic) tremors. Future di-
rections should include assessing additional individuals with NGLY1 Defi-
ciency to determine if the tremor is a distinguishable disorder behavior. Ad-

DOI: 10.4236/crcm.2024.131003

Jan. 22, 2024 25

Case Reports in Clinical Medicine


https://www.scirp.org/journal/crcm
https://doi.org/10.4236/crcm.2024.131003
https://www.scirp.org/
https://doi.org/10.4236/crcm.2024.131003
http://creativecommons.org/licenses/by/4.0/

B. Futrell et al.

ditionally, evaluating other anatomical sites, such as the elbow, head, and
lower limbs, would provide further insights into the characteristics of this
tremor.

Keywords

Tremor, NGLY, Fast Fourier Transformation, Reaching, Hyperkinetic
Movement

1. Introduction

NGLY1 Deficiency is an autosomal recessive congenital disorder identified in
less than 100 individuals by 2022 [1]. One instance of NGLY1 Deficiency was
described in 2012, with several variants of this condition being described since
[2]. However, there are similar characteristics among the variants. These cha-
racteristics include neuromuscular dysfunction such as axonal or demyelinating
peripheral neuropathy, alacrimia, cognitive developmental delay, small fiber neu-
ropathy and scoliosis. Other characteristics are more orthopedic in nature and in-
clude joint contractures, fractures, and hip dysplasia [3]. Although to date, there
have been no laboratory-based evaluations of the movement difficulties of indi-
viduals with NGLY1 Deficiency, a variety of movement disorders have been iden-
tified through visual inspection. Most commonly reported are hyperkinetic move-
ment disorders, including choreiform, athetoid, dystonic myoclonic, dyskinetic,
and dysmetric movements [4]. A review by [3] also mentioned a case study where
the participant experienced developmental disabilities, axial hypotonia and hyper-
kinetic movement disorder by 12 months of age. While this participant displayed
a normal brain MRI scan, other case studies mention brain MRIs showing de-
layed myelination, which can lead to nervous system detriments mentioned pre-
viously [5]. As a majority of individuals with NGLY1 Deficiency are reported to
have hyperkinetic movements [6], there is a clear benefit to quantify these move-
ments. In addition to the above-mentioned movement difficulties, action tremor
has been identified as a characteristic sometimes associated with NGLY1 Defi-
ciency [7]. However, the characteristics of this tremor have not yet been formally
assessed using laboratory-based techniques.

A recent report from a committee composed of clinicians and scientists defined
tremor as: “an involuntary, rhythmic, oscillatory movement of a body part” [8].
Many authors suggest conducting laboratory-based investigations would be ne-
cessary to quantify tremor characteristics of different hyperkinetic movement
conditions [3] [5] [9] [10].

Several types of tremors exist, including subtypes with differing underlying
etiologies. Developing a consistent and concise consensus on the classification
and evaluation of tremors is essential to forward the research and treatment of
tremors. Action tremor is a common type of tremor, identified as a hyperkinetic

movement that hinders the execution of voluntary movement (kinetic move-
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ment) or a hyperkinetic movement that occurs while maintaining a position
against gravity (postural tremor) [8]. Examples of action tremors include inten-
tion tremors, typically manifesting during goal-directed movements and postur-
al tremor, which manifests when a muscular contraction occurs against an object
or gravity.

Many tremor conditions can be characterized by frequency, such as Parkinso-
nian resting tremors that range from 3 - 6 Hz and are associated with particular
areas of brain dysfunction. For example, Parkinsonian tremor is related to basal
ganglia dysfunction, while intention tremor is associated with cerebellar dys-
function [11]. While assessing tremor frequency alone can provide helpful in-
formation, frequency information in isolation is not enough for a confident di-
agnosis due to the potential crossover between conditions. Therefore, a compre-
hensive tremor assessment benefits from including information about both fre-
quency and the power of the dominant frequency. The combination of these two
measures provides essential information that promotes opportunities to effi-
ciently and effectively research and ultimately treat tremors regardless of etiolo-
gy. Several instances of documenting tremors in NGLY patients exist in the lite-
rature [2] [3] [4], but to our knowledge, none mentions quantitative reports on
the frequency and power characteristics of the proposed NGLY1 tremor. There-
fore, the primary objective of this study is to determine if an individual with
NGLY1 Deficiency demonstrates an identifiable tremor during a series of arm
movements and, if so, describe the characteristics of that tremor using frequency

and power.

2. Methods
2.1. Study Participant

The NGLY1 participant in this study carries both a heterozygous frameshift va-
riant c.1242 delT and a splice site affecting ¢.858 + 1G > A variant in the NGLY1
gene. Her developmental trajectory was delayed from infancy and was first noted
as abnormal around 8 months. She achieved sitting only at 14 months, crawling
at 19 months, and walking with a walker at 3 years of age at 36 months, she lost
the ability to stand or walk independently. At the time of our assessment, she had
a Gross Motor Function Classification System—Expanded & Revised (GMFCES
E&R) score of 4 and her highest level of gross motor skill was standing with
support. Along with developing a generalized increase in muscle tone she started
developing movement disorders that are typical for NGLY1 Deficiency which
included tremor, choreo-athetoid movements, dysmetria during intentional
reaches, and orofacial dyskinesias. The movement disorder became more pro-
nounced over time. The parents provided written informed consent for the par-

ticipant.

2.2. Tasks

A series of arm-reaching tasks were performed from the seated position. Each
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reach began with the participant’s hands resting comfortably in her lap (Table
1). Movements were categorized based on the goal of the task. One category was
labeled open-ended, during which the participant moved her hand to a point in
space and then returned it to her lap. For example, a shoulder flexion with el-
bows extended. The second category of tasks involved reaching for small objects,
such as a tennis ball or a pen, to be removed from the hand of a research assis-
tant who held the objects in front of the participant at the participant’s arm
length. The participant grasped the object, moved it to her lap, and returned it to
the research assistant’s hand. These movements were labeled as “goal-directed”
movements. A total of 12 different movements were performed; each movement
was repeated twice, with each arm. An exception was the open-ended move-
ments in which, after performing the left and right-hand movements indepen-
dently, the same movements were performed by both hands simultaneously. For
example, both hands were simultaneously raised above the head. A total of 54

arm movement trials were performed.

Table 1. Description of tasks.

Arm used to Task
complete reaching task

Open-ended reach*

Left and Right Adduct hand across the midline to touch shoulder
Right Abduct hand across the midline to touch shoulder
Both 90° shoulder abduction with full elbow extension

Left and Right 90° shoulder abduction with full elbow extension
Both 180° shoulder flexion with full elbow extension

Left and Right 180° shoulder flexion with full elbow extension
Both 90° shoulder flexion with full elbow extension

Left and Right 90° shoulder flexion with full elbow extension

Goal-directed reaches

Grasp a 14 cm diameter ring

Leftand Right (Horizontally presented)

Left and Right Grasp pen (Vertically presented)
Left and Right Grasp pen (Horizontally presented)
Left and Right Grasp toy car

Left and Right Grasp golf ball

Left and Right Grasp tennis ball

Left and Right Reach through a 14 cm diameter ring

(Vertically presented)

*Each hand individually, first right, then left, and then both hands simultaneously.
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Several unique features of our participant’s hand movement control should be
pointed out. When she was asked to produce a voluntary hand movement, for
example, a right-hand reach, both hands would initially begin to move random-
ly, often, across all three joints, ie., shoulder, elbow, and wrist, with motion in
all three planes of the shoulder and wrist*. These actions can loosely be de-
scribed as arm “flapping” motions and are labeled segmental dystonia. However,
these actions appeared to be free of muscle spasms, per se, which are often asso-
ciated with dystonic movement. Eventually, the limb designated to complete the
task would move more purposefully to complete the open-ended movements or
grasp the object during the goal-directed tasks. We labeled this purposeful action
as the “acceleration” phase of the movement. Prior to the hand beginning to re-
turn to the participant’s lap, the hand would often “wander” at the endpoint of
the open-ended movement or spend time trying to grasp the presented objects.
We labeled this period as the “maintenance” phase. Using a camera-based mo-
tion capture system creates the possibility that high frequency motion may not
be adequately captured if a low sample rate is used, for example 33 frames per
second. However, given the present data was captured at 100 Hz and the identi-
fied tremor was well below 5 Hz, we are confident the tremor is accurately
represented.

*The elbow joint motion is restricted to the sagittal plane when measured by

the Vicon Nexus motion capture system, see below.

2.3. Data Collection and Processing

A 16-camera Vicon Nexus motion capture system (The MathWorks, Natick,
MA) was utilized to obtain arm movement kinematics. Twenty-four reflective
markers were placed on landmarks on the participant’s upper body per the Nex-
us upper body model. Data was collected at ca 100 Hz, and the trajectories of the
reflective markers placed on the hand were filtered using a 2™ order Butterworth
filter. The participant’s sagittal plane was defined as the X plane, the frontal
plane as the Y plane, and the transverse plane as the Z plane.

After data collection, the marker trajectory data associated with the right and
left markers placed on the first metacarpophalangeal joints, (ie., index finger
knuckle) were downloaded. Time series waveforms of both index finger trajecto-
ries were developed for each plane as rotational and translation motions can dif-
fer across the planes of motion [12] [13]. The trajectory waveforms were visually
inspected to identify segments that reflected oscillatory motion, Ze., tremor (see
Figure 1(a)). These waveform segments were then evaluated to quantify the
characteristics of the tremor within a given waveform segment. As we were
primarily interested in identifying tremor characteristics independent of active
hand motion, waveform segments that represented the acceleration phase of the
movements were excluded from the analyses (Figure 1(a)) with the following
labels: 1) Pre-Movement, 2) Acceleration Phase, 3) Maintenance Phase , 4)
Deceleration Phase, & 5) Post-Movement. Figure 1(b) and Figure 1(c) depict
a “zoomed” view of sections 1 and 5 of Figure 1(a) showing visually incepted
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Figure 1. A representative time series kinematic profile was obtained during an active reach. (a) provides data representing an

entire reach with different segments of the reach identified. (b) displayed the data from segment 1, while (c) represents data from

segment 5.

tremor for further analysis. The hand the participant was instructed to use to
complete the task was labeled the “reach” hand. The hand not completing the
reach was labeled the “non-reaching” hand.

Custom MATLAB scripts (The MathWorks, Natick, MA) were utilized to
compute Fast Fourier Transformations (FFT) of the data within the identified
waveform segments. This process was repeated for the data of each plane for
each movement, with peak frequency and the power at the peak frequency being
recorded. Figure 2 provides a representative example of the output obtained
from the customized FFT script displaying frequency and associated power.
Means and standard deviations (SD) were calculated and used to assess potential
differences in peak frequency and power between the active and inactive hands,
right versus left hands, and plane.

In addition to determining if an identifiable tremor existed, we explored three
secondary questions using the frequency and power variables: 1) are there dif-
ferences between the reach and non-reaching hand, 2) are there differences be-
tween the left and right hand, 3) are there differences between the three planes of

movement?

2.4. Statistical Analysis

To determine if the data provided evidence of tremor, we collapsed all the data
over reach condition, hand, and movement plane. We calculated a mean and

SD for both the frequency and power. After checking for normality using the
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Figure 2. A representative output after performing the FFT analyses displaying frequency and associated power.

Kolmogorov-Smirnov test, the mean frequency was tested to determine if it dif-
fered from zero using a one-sample t-test with a hypothetical value of 0 fre-
quency. After assessing the equality of variance using the Leven’s test, Welch’s
t-test [14] was used to test for potential differences between reach conditions
collapsed over hands and planes and left and right hands collapsed over reach
conditions and plane. Finally, planes collapsed over reach conditions and hands
were tested to determine differences in the tremor characteristics between the
different planes of motion. An alpha level of P < 0.05 with Bonferroni correc-
tions were applied when appropriate.

3. Results

When the data were collapsed over reach conditions, hand, and movement plane,
a mean peak frequency of 2.30 Hz (SD = 1.05) with a mean power of 5.02 |P1(f)|,
(SD = 4.63) was obtained. The one-sample t-test indicated the mean peak fre-
quency was significantly different from the hypothetical value of 0 Hz (P <
0.00001, t = 22.87, df = 108). This suggests that our participant’s kinematic
data did display a persistent tremor in both hands across all tasks (reaching or
non-reaching hand) and movement planes.

When collapsed over hand (left or right) and task role (reaching or non-reaching),
there were no significant peak frequency differences between planes. The means
and SDs of the X, Y and Z planes were 2.08 Hz (1.06), 2.40 Hz (1.04) and Z 2.17
Hz (1.06). For subsequent statistical testing, the means and SD for peak frequen-
cies were collapsed over planes and arranged based on statistical comparisons
with the results presented in Table 2(a) and Table 2(b). Of note, higher
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Table 2. (a) Reach and non-reach hand frequency (Hz); (b) Right vs. Left Hand Frequency
(Hz).

(a)
Mean sD P-Value
Reach Hand
Left Hand Task 2.12 0.99 0.38
Right-Hand Task 2.15 1.04
Non-Reach Hand 0.02*
Left Hand Task 3.11 1.25
Right-Hand Task 2.33 0.79
(b)
Mean SD P-Value
Right Hand 0.76
Reach Hand 2.15 1.04
Non-Reach Hand 2.23 0.79
Left Hand 0.01*
Reach Hand 2.12 0.99
Non-Reach Hand 3.11 1.25

frequencies of >3 Hz (mean = 3.11; SD 1.25) were found in the non-reaching left
hand both when compared to the frequency of the non-reaching right hand and
to the left hand when it was the reaching hand. No other comparisons reached
significance.

The means and SD for the power of peak frequencies are presented in Table
3(a) and Table 3(b) (Figure 3).

4. Discussion

The current results indicate that our NGLY1 Deficient participant demonstrated
quantifiable upper limb tremor in both arms and all three movement planes re-
gardless of the limb’s role in a given movement task (ie., reach or non-reach
hand). Frequencies were relatively similar throughout each task regardless of hand
or involvement, except when the left hand was the non-reaching hand during
the tasks. Overall, the data provide compelling evidence that a tremor of ap-
proximately 2.30 Hz (SD = 1.05) was present in this individual.

The statistical comparisons of the power data indicate a significant distinction
depending upon if the hand was reaching or non-reaching during a given task,
regardless of whether it was the right or left hand (see Table 3(b)). The signifi-
cant increase in power when the hand was involved in the reaching task reveals
that the voluntary motion associated with the reach increases the power of the

tremor despite the frequency remaining constant. It should be remembered that
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data obtained during the acceleration period of the voluntary movement were
not included in the tremor analysis. Thus, the increase in power was exhibited
prior to the beginning of the acceleration phase of the movement or during the
maintenance phase which occurred when the hand had either stopped accele-
rating, during open-ended movements or was grasping for an object once the
hand had reached the distance that enabled grasping to occur, Ze, movement
endpoint, during the goal-directed movements. This endpoint control period

occurred before the hand began to voluntarily return to the participant’s lap.

Table 3. Power |P1(f)| Plane means collapsed over hand and movement task, left and
right hand indicates collapsed over all planes and movement task. (a) Reach and Non-Reach
Hand Power |P1(f)[; (b) Right vs. Left Hand Power |P1(f)|.

Plane Mean SD P-Value
X 3.77 3.43 XvsY =0.29,Xvs Z=0.02*
Y 4.11 4.88 YvsZ=0.14
Z 5.15339 5.71
Left Hand 5.17 5.25
Left vs Right = 0.17
Right Hand 5.01 4.16
Reaching Hand 6.25 491
Reaching vs Non-reaching = 0.00*
Non-reaching Hand 291 3.29
Open Ended 5.38 4.81
Open Ended vs Goal Directed = 0.84
Goal-directed 4.86 4.60
(a)
Mean SD P-Value
Reach Hand
Left Hand Task 6.45 4.13
0.07
Right-Hand Task 6.04 5.66
Non-Reach Hand
Left Hand Task 3.25 3.70
0.34
Right-Hand Task 2.66 3.01
(b)
Mean SD P-Value
Right Hand
Reach Hand 6.45 4.13
0.00*
Non-Reach Hand 2.66 3.01
Left Hand
Reach Hand 6.04 5.66 0.00*
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Figure 3. Exemplar data displaying similar mean frequencies but differences in associated power for an active and non-active right

hand reach. The ovals identify peak frequency and the associated power for each movement.

Many attempts have been made to standardize the classification of tremors.
The Consensus Statement on the Classification of Tremors by [8] proposed clas-
sification phraseology with the intent to standardize tremor classification to for-
ward research and treatment of conditions that have tremor associations. The
task force proposed two main (categories) aspects to identify tremor: clinical fea-
tures and etiology. By incorporating this two-aspect approach, increased diagno-
sis efficiency assists where clinical features are used to define the syndrome.

The clinical features include multiple categories, age of onset, anatomical dis-
tribution, tremor frequency, and activation conditions. To provide some exam-
ples for each category, age of onset, has multiple grouping such as those aged
from birth to 2 years as infancy, individuals aged 3 - 12 as childhood and 13 - 20
as adolescence. Another category, anatomical distribution, is used to identify if
the tremor is localized to only one body region or prevalent across multiple body
segments. As previously mentioned, activation conditions are separated into
resting and action tremors, with the current report focusing on two aspects of
action tremors: intention and postural tremors.

The second axis of classification is more directly related to the etiology of the
disease. Classification is divided into nine categories: neurodegenerative, chro-
mosomal aneuploidy, mitochondrial genetic disorders, infectious and other in-
flammatory diseases, endocrine and metabolic disorders, neuropathies and spin-
al muscular atrophies, toxins, drugs, and others.

We proposed that based on our findings, our participant with NGLY1 Defi-
ciency displayed an action tremor that is present both during intentional and
postural activities. Further utilizing the previously mentioned methods for clas-
sifying tremor, our participant would be classified as an adolescent with a first
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axis < 4 Hz intention and postural action tremor that is dramatically presented
unilaterally when maintaining elbow flexion against gravity with a second axis
identifying the underlying etiology, in this case, the participant has been pre-
viously diagnosed with NGLY1 Deficiency. Interestingly, when either the right
or left hand were the hands performing the reaches, they displayed no differenc-
es in either frequency or power. However, the increase in postural tremor in the
left hand when the right hand was performing the reach may suggest an asym-
metry in brain functioning, particularly during movement planning stages that
manifested when our participant focused on the moving hand. Unlike action and
intentions tremor, which is present during voluntary movement, the currently
assessed tremor was exacerbated in both power and frequency in the arm that
was not being used to complete a voluntary reach. If confirmed in future studies,
this aspect of the tremor could potentially be used by clinicians as a distinguish-
ing characteristic of individuals with NGLY1 Deficiency, possibly in a diagnostic
fashion. Future work could then be devoted to using available brain scanning
technology to attempt to identify if certain brain structure deficiencies are asso-

ciated with the unique tremor pattern.

5. Limitations and Future Directions

The most important limitation is that data was obtained from a single partici-
pant, thereby limiting the generalizability of the findings. Thus, we cannot an-
swer the question of whether movement tremor is a prevalent feature of NGLY
Deficiency. However, the results are supportive of previous reports that tremor
is an identified feature of NGLY1 [2] [3] [4].

Further, greater insights into the quantitative features of the identified tremor
may have been obtained if additional body segment trajectories had been ana-
lyzed. Future directions should include increased participant numbers and upper
and lower limb segment analyses as well as the head. Finally, obtaining brain
imaging information would enable clinicians to identify specific brain regions
most closely linked to the generation of the tremor. These additions would help
to more fully characterize movement tremor within the population of individu-
als with NGLY1 Deficiency and possibly lead to therapeutic or pharmacological

countermeasures designed to reduce the tremor.
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