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Abstract

Background—Growing evidence suggests that movement abnormalities occur prior to the onset 

of psychosis. Innovations in technology and software provide the opportunity for a fine-tuned and 

sensitive measurement of observable behavior that may be particularly useful to detecting the 

subtle movement aberrations present during the prodromal period.

Methods—In the present study, 54 youth at ultrahigh risk (UHR) for psychosis and 62 healthy 

controls participated in structured clinical interviews to assess for an UHR syndrome. The initial 

15 minutes of the baseline clinical interview was assessed using Motion Energy Analysis (MEA) 

providing frame-by-frame measures of total movement, amplitude, speed, and variability of both 

head and body movement separately.

Results—Result showed region-specific group differences such that there were no differences in 

head movement but significant differences in body movement. Specifically, the UHR group 

showed greater total body movement and speed of body movements, and lower variation in body 
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movement compared to healthy controls. However, there were no significant associations with 

positive, negative or disorganized symptom domains.

Conclusion—This study represents an innovative perspective on gross motor function in the 

UHR group. Importantly, the automated approach used in this study provides a sensitive and 

objective measure of body movement abnormalities, potentially guiding novel assessment and 

prevention of symptom development in those at risk for psychosis.
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1. Introduction

Signs of altered motor development are increasingly recognized as an important marker of 

risk for psychosis (Bernard and Mittal, 2015; Mittal, 2016). A growing body of literature 

suggests that movement abnormalities are present long before the first signs of thought 

disorder and prospective studies of youth at risk for psychosis show that movement 

abnormalities may predict eventual transition to psychosis (Callaway et al., 2014; Mittal et 

al., 2008; Mittal et al., 2010b).

Assessing youth during the ultrahigh risk (UHR) period immediately prior to psychosis is 

important as these individuals are experiencing moderate subthreshold psychotic symptoms 

and a decline in functioning (Cannon et al., 2008). Current research is focused on 

developing innovative calculators designed to organize or weight various risk markers for 

psychosis (Cannon et al., 2016). These efforts are important because 10–35% of UHR cases 

will go on to develop a psychotic disorder within 2–3 years (Fusar-Poli et al., 2012). In 

addition, with relatively little experience on neuroleptic medication or long term history of 

illicit drug abuse compared to patients with psychosis, research with UHR individuals is 

potentially valuable for understanding etiological factors and markers of increased risk for 

the disorder.

The assessment of movement abnormalities in individuals developing psychosis has gone 

through exciting developments in recent years (Hirjak et al., 2015; Mittal, 2016; Mittal and 

Wakschlag, 2016). However, much of this research has been based on observer ratings of 

movement abnormalities, which require a significant amount of training and time for 

reliability, are more subject to rater bias, and do not provide continuous data. Developing 

automated assessment strategies for motor performance has several benefits over traditional 

methods. First, automated and instrumental measures of movement are sensitive in 

identifying the same individuals as traditional observer-based methods while also capturing 

additional individuals showing more subtle aberrations (Mentzel et al., 2016a). Second, 

these measures are capable of detecting kinematic variables that not readily available with 

observation methods (e.g., amplitude, speed, variability). Finally, automated and 

instrumental measures are not subject to bias (Cortese et al., 2005). More recently, there has 

been a growing interest in using instrumental and automated measures to understand motor 

performance in UHR and in patients with psychosis (Caligiuri et al., 2009; Caligiuri et al., 

2010; Cortese et al., 2005; Dean and Mittal, 2015; Dean et al., 2015b; Dean et al., 2013). 

Dean et al. Page 2

Schizophr Res. Author manuscript; available in PMC 2019 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Furthermore, instrumental and automated measures may detect a larger proportion of 

movement variation than traditional observer based measures (Pappa and Dazzan, 2009). 

Taken together, motor performance assessment may be helpful for early detection and 

intervention efforts in youth at risk for the disorder.

Novel developments in video technology and custom software may allow more fine-tuned 

measurement of stationary and seated gross motor performance in specific regions of 

interests. Ramseyer and colleagues have developed Motion Energy Analysis (MEA) to look 

at changes in grey scale pixel density in order to measure the amount of movement in user-

defined regions of interest (Ramseyer and Tschacher, 2011, 2014; Tschacher et al., 2014). 

Moreover, this technology has been used to study impairment in nonverbal communication 

in schizophrenia patients, which may be impaired prior to the onset of psychosis (Kupper et 

al., 2010; Kupper et al., 2015; Walther and Mittal, 2016). In recent years, instrumental and 

automated procedures have elucidated motor abnormalities in these domains during the 

UHR period and in formal psychosis. However, our understanding of gross motor movement 

is more limited and this technology may allow objective quantification of multiple aspects of 

movement kinematics that are not ratable by an observing clinician including the size 

(amplitude) of movements, their speed and variability. Examining movement kinematics 

during seated communication may aid in symptom assessment and therapeutic efforts 

(Ramseyer and Tschacher, 2011) as well as treatment response (Caligiuri et al., 2009; 

Caligiuri et al., 2010; Caligiuri et al., 2006).

The current study seeks to examine gross motor behavior using an automated approach in a 

sample of UHR and healthy control participants. Each participant was recorded during a 

structured clinical interview. A 15-min segment of the clinical interview footage was 

subjected to MEA. Data was processed and target variables for total movement, amplitude of 

movements, speed of movement, and coefficient of variability of movement were extracted 

for both the head and body separately. Previous work with traditional observer-based scoring 

of head and body regions from video recordings has noted that at risk individuals and 

patients with schizophrenia show abnormal movements (Compton et al., 2015; Mentzel et 

al., 2017; Mittal et al., 2007b). We hypothesized that the UHR group would show more 

movement in general, greater movement amplitude and speed, and more variability of 

movement in both the head and body. Because this is the first study to examine gross motor 

behavior using MEA, exploratory analysis was conducted to examine relationships between 

movement kinematic variables and positive, negative and disorganized UHR symptoms.

2. Materials and methods

2.1. Participants

Adolescent and young adult UHR and healthy control participants between 12 and 21 years 

of age (mean age = 18.68) were recruited by Craigslist, email postings, newspaper ads, and 

community professional referrals. Exclusion criteria consisted of head injury, the presence of 

a neurological disorder, and lifetime substance dependence. The presence of an Axis I 

psychotic disorder (e.g., schizophrenia, schizoaffective disorder, schizophreniform) was an 

exclusion criterion for UHR participants. The presence of any category of Axis I disorder or 

a psychotic disorder in a 1st degree relative was an exclusion criterion for controls. The 
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protocol and informed consent procedures were approved by the University Institutional 

Review Board. See Table 1 for the demographic characteristics of the sample.

2.2. Clinical Interviews

The Structured Interview for Prodromal Syndromes (SIPS) (Miller et al., 1999) was 

administered to both UHR and control subjects to diagnose a UHR syndrome (the SIPS was 

used to rule out UHR symptoms in healthy controls). Participants in the present study met 

SIPS criteria for a prodromal or high-risk syndrome, defined by moderate to severe but not 

psychotic levels of positive symptoms (rated from 3 to 5 on a six-point scale) and/or a 

decline in global functioning accompanying the presence of schizotypal personality disorder 

and/or a family history of schizophrenia (Miller et al., 2002). The SIPS gages distinct 

categories of prodromal symptoms including positive and negative domains. A total sum 

score for each domain is used as an indicator of the respective dimensions of 

symptomatology.

The Structured Clinical Interview for Axis-I DSM-IV Disorders (SCID) (First et al., 1995) 

was administered to rule out a psychotic disorder diagnosis. Training of advanced doctoral 

student interviewers was conducted over a 2-month period, and inter-rater reliabilities 

exceeded the minimum study criterion of Kappa ≥ .80.

Antipsychotic prescription and dosage information was collected for each participant. The 

chlorpromazine equivalent (CPZ) dosage was calculated for each participant currently taking 

antipsychotic medication (n = 7) (Woods, 2003).

2.3. Motion Energy Analysis

Motion energy analysis (MEA) was completed using an automated software program 

specifically designed to measure movement in predefined regions of interest (ROI) in digital 

video recordings. This program provides frame-by-frame parameters of grey scale intensity 

during the video recording (Kupper et al., 2015; Ramseyer and Tschacher, 2011, 2014; 

Tschacher et al., 2014). Participants provided consent to be videotaped during the clinical 

interviews and were recorded using a high-resolution video camera (Sanyo VCC-HD4600P). 

The first 15 minutes of the SIPS clinical interview was trimmed and subjected to MEA 

based on similar duration of videos in past studies (Kupper et al., 2010; Ramseyer and 

Tschacher, 2014). This section of the video was chosen in order to maximize consistency of 

context for the video analysis. Two research assistants specified the head and body ROIs (see 

Figure 1). These particular ROIs were chosen based on previous studies with UHR, 

schizophrenia patients, and healthy individuals (Kupper et al., 2015; Mittal et al., 2007b; 

Ramseyer and Tschacher, 2011). The head ROI included a region a few inches above the 

head to the bottom of the participant’s chin. The body ROI included the bottom of the head 

ROI, under the chin, to the horizontal surface of the couch.

Motion energy parameters were recorded to a text file for each frame of the video at 29 

frames per second. Raw data was preprocessed and filtered using a moving average filter of 

5s to remove motion artifacts due to video quality using custom software in R based on 

previous methods (Kupper et al., 2010; Kupper et al., 2015; Ramseyer and Tschacher, 2011, 

2014). Separate target variables for head and body ROI were calculated and include:
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1. Total amount of movement was calculated by summing the number of non-zero 

frames.

2. Mean amplitude of movement peaks across the entire 15 min segment.

3. Speed of movement is the median ratio of height to duration of the peaks.

4. Head and body movements were characterized by peaks of grey scale density 

changes. A measure of variability, the coefficient of variability (CV) for 

movement was calculated by dividing the standard deviation of the height of 

these peaks (amplitude) by the mean amplitude across all peaks.

SDamplitude
Meanamplitude

2.4. Data Analysis

Group differences for continuous and categorical demographic variables were assessed with 

independent t-tests and chi-squared tests, respectively. Group differences on movement 

parameters were first tested using two tailed independent samples t-tests. In order to 

examine the effect of antipsychotic medication on movement variables, group differences 

were also examined using analysis of covariance (ANCOVA) controlling for CPZ equivalent 

doses. The healthy controls reported few positive, negative or disorganized symptoms. 

Exploratory analysis looking at the relationship between movement target variables and 

positive negative and disorganized symptoms were examined within the UHR group only.

3. Results

3.1. Participants

There were no significant differences between groups on demographic characteristics 

including age, education, gender, and parental education. As expected, UHR participants 

were rated significantly higher than controls on SIPS symptom domains (see Table 1 for 

information about the participants).

3.2. Group differences in head and body movement

There were no group differences in terms of total amount of head movement, amplitude of 

head movement, head movement speed, or variation in head movement between UHR and 

healthy controls (p values > .2).

The UHR group had significantly more total body movement compared to healthy controls 

t(114) = 2.85, p ≤ .01, d = .53. There were no group differences in terms of mean amplitude 

of body movements. On average, the UHR group showed greater speed of body movement 

compared to controls t(114) = 2.43, p ≤ .05, d = .45. The UHR group showed lower CV of 

body movements compared to healthy controls t(114) = 2.11, p ≤ .05, d = .39 (see Figure 2). 

Controlling for CPZ equivalency did not change the results for total body movement, 

amplitude of body movements, or speed of body movement, however, CV of body 
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movement changed from significant to a trend level group difference F(1, 113) = 3.40, p = .

06. See Table 2.

3.4. Relationship between positive, negative, and disorganized symptoms and movement

Because the UHR group showed different body movement and not head movement, 

exploratory within UHR group regressions were run for total body movement, speed of body 

movement, and CV of body movement separately to predict association with positive, 

negative and disorganized symptoms. There were no significant relationships between 

positive, negative and disorganized symptoms and body movement parameters (p values > .

1). Controlling for CPZ equivalency did not change the results (p values > .1).

4. Discussion

The current study examined gross motor performance using innovative video analysis 

software during a standard clinical interview. This technology allowed an investigation of 

movement behavior from multiple kinematic measurements of the head and body separately. 

Consistent with our hypotheses the UHR group showed more movement and greater speed 

of movements. In contrast to our hypothesis, the UHR group showed lower variability in 

body movements. Head movement appears to be similar across UHR and healthy control 

groups. The results of this study represent an advance on previous video observer based 

studies of movement that primarily focused on the frequency and severity of abnormal 

involuntary movements, indicating a nuanced series of findings, where global measures of 

body movement (i.e., total movement, speed, and variability) appear to be affected in UHR 

compared to typically developing young adults. These findings speak to a general motor 

impairment during the UHR period, and fit within the neural diathesis-stress framework 

where motor problems may be indicative of altered neurodevelopment in cortical-subcortical 

networks.

Video based and live observation assessment of motor development and movement 

abnormalities has a rich history in premorbid and prodromal psychosis literature. Studies of 

the premorbid period suggest that motor abnormalities may be linked to a broad range of 

developmental delays, cognitive impairment, and may be an endophenotype for psychosis 

(Dickson et al., 2012; Schenkel and Silverstein, 2004). Using archival footage of people 

diagnosed with schizophrenia, Walker and colleagues showed that as children there were 

delays in motor development and odd posturing (Walker et al., 1994). Erlenmeyer-Kimling 

and colleagues found that gross motor performance, assessed in children ages 7–12 years old 

who had a parent with schizophrenia, predicted adult onset schizophrenia with 75% 

sensitivity (Erlenmeyer-Kimling et al., 2000). In addition, Rosso and colleagues found that 

unusual gross motor performance in children of patients with schizophrenia at 4 and 7 years 

of age predicted later development of psychosis (Rosso et al., 2000). In separate studies, 

Schiffman reviewed videotapes of Danish children eating lunch and found that a number of 

individuals with genetic risk for psychosis showed greater social and motor function 

impairment (Schiffman et al., 2009; Schiffman et al., 2004). Recent work suggests that 

impaired manual dexterity and balance in children at 7 years old may be related to familial 

risk for schizophrenia but not bipolar disorder (Burton et al., 2017). A population based 
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study found increased occurrence of movement abnormalities in children 8–17 years of age 

who reported clinical high risk symptoms of psychosis (Kindler et al., 2016). In a series of 

prospective studies, Mittal and colleagues found evidence that dyskinetic movements in the 

upper body of schizotypal adolescents were associated with increases in cortisol and 

markers of prenatal insult (Mittal et al., 2007a; Mittal et al., 2008; Mittal et al., 2007b). A 

large longitudinal study of prodromal youth suggested that movement abnormalities in the 

upper body are related to neurocognitive impairment and transition to psychosis (Mittal et 

al., 2010b). In a multisite study of prodromal youth, Callaway observed that dyskinetic 

movements predicted transition to psychosis (Callaway et al., 2014). Altogether, this body of 

evidence suggests that movement abnormalities appear at early stages of development and 

represent an important behavior tied to risk for psychosis.

The current results suggest that UHR youth show greater movement across several different 

indices in the upper-body region during clinical interviews. This is consistent with similar 

movement analysis in schizotypal adolescents and in patients with schizophrenia who show 

more nonverbal hand and body motions during clinical interviews. Mittal and colleagues 

(Mittal et al., 2006) found that schizotypal adolescents show more self-stimulatory 

movements but fewer gestures during clinical interviews. Lavelle and colleagues (Lavelle et 

al., 2013) note that increased hand gestures by patients with schizophrenia while talking to a 

clinician may signal anxiety, distress, and produce less rapport between patient and clinician. 

It is possible that increased body movement in the UHR sample may be a measure of how 

distressed a person is in regards to their symptoms or how they perceive their symptoms to 

be problematic; either in an effort to communicate help-seeking behavior or to compensate 

for difficulties in explaining their symptoms (Holler and Beattie, 2003). Examining the 

relationship between self-reported anxiety and biological measures of stress would be an 

important next step to understand the biological underpinnings of participant’s nonverbal 

movement behavior during the clinical interview.

Using a similar automated MEA process to the current study, Ramseyer and Tschacher 

found that head movement synchrony between client and therapist predicted therapy 

outcome whereas body synchrony predicted session-by-session outcome (Ramseyer and 

Tschacher, 2014). The authors posit that body movement communicates emotional content. 

Given that the UHR group was discussing troubling positive symptoms during the video, 

increased body movement and lower variability (i.e., their body movements remained more 

active but changed less for each topic) may be an indication that the UHR group has altered 

control over their movement and emotions. This is consistent with current 

neurodevelopmental and cognitive dysmetria theories for psychosis suggesting that impaired 

fluidity and coordination of movement and thought is central to the development of 

psychosis symptoms (Andreasen, 1999; Andreasen and Pierson, 2008).

Movement abnormalities are intimately linked to the pathophysiology of psychosis. 

Predominant theories and neuroimaging studies suggest that the signs and symptoms of 

psychosis may be related to altered structure and connectivity within cortical-subcortical 

motor networks (Tekin and Cummings, 2002; Walther, 2015). Past cross sectional studies 

suggest that gross motor impairment in patients with schizophrenia is related to abnormal 

grey matter volume and cerebral blood flow in the inferior frontal gyrus, supplemental motor 
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area, thalamus, and basal ganglia (Bracht et al., 2013; Stegmayer et al., 2014). Work from 

our research group has noted that individuals showing symptoms of risk for psychosis also 

have grey matter and functional connectivity abnormalities in both the thalamus and striatum 

(Bernard et al., 2015; Dean and Mittal, 2015; Lunsford-Avery et al., 2013; Mittal et al., 

2013b). Recent neuroimaging studies also suggest that UHR individuals show altered 

dopaminergic activity in the striatum (Howes et al., 2011; Howes et al., 2009). Taken 

together, a biological mechanism for the current results may be explained by abnormal 

neurodevelopment within cortical-thalamo-striatal pathways, thus giving rise to increase 

body movement overall and greater speed (Hirjak et al., 2015). The finding that 

antipsychotic medication affected the group differences in body movement variability speaks 

to changes related to dopaminergic pathways in cortical-striatal networks. Future work 

examining MEA generated movement variables, along with structural and functional 

neuroimaging is warranted for understanding the biological underpinnings of movement 

behavior in UHR individuals.

Exploratory analysis of movement kinematic variables did not show a relationship to the 

positive, negative or disorganized symptom totals. This result may reflect the differences in 

how MEA measures gross motor movement and may indicate that the kinematic variables 

used in the current study are not specific to dyskinesia or Parkinson’s like movements. 

Hyperkinetic movement such as dyskinesia in the upper limbs has been associated with 

positive symptoms in youth at risk for psychosis as well as formal psychosis (Docx et al., 

2012; Mittal et al., 2010a; Mittal et al., 2011; Mittal et al., 2008; Mittal et al., 2007b; Mittal 

et al., 2010b; Morrens et al., 2014; van Harten et al., 2014). The lack of association between 

MEA kinematic variables in this study and UHR positive symptoms may in part reflect a 

noted limitation of using SIPS symptom ratings and continuous movement parameters. That 

is, Pruessner and colleagues argue that because of the range of positive symptom scores (i.e., 

3 to 5 on a six-point scale) considered for an UHR syndrome using the SIPS, finding 

associations between biomarkers and symptom ratings may be limited (Pruessner et al., 

2017).

In contrast to the finding from Kupper and colleagues who examined MEA in schizophrenia 

patients and found that slower head and body movement was related to more severe negative 

symptoms (Kupper et al., 2010), the current results did not find evidence that psychomotor 

slowing, as the UHR showed greater speed of body movements compared to healthy 

controls. A possible explanation for this finding is that psychomotor slowing is subtle during 

the UHR period. For example, Dean and Mittal (2015) found that UHR individuals show 

worse ability to scale one’s velocity using pen movements on a digital tablet, possibly 

reflected some rigidity or parkinsonism. This might also suggest that the negative symptoms 

observed in the UHR sample are not as severe as in formal psychosis, and generation of 

movement may change once psychosis develops (Walther et al., 2014b).

In addition, we did not find a relationship between body movement variables and 

disorganized symptoms. This is in contrast to work by Walther and colleagues who found 

that irregular patterns of activity monitored through actigraphy were related to positive and 

disorganized symptoms, as well as excitement in patients with schizophrenia (Walther et al., 

2014a). The findings from the current study speak to the need for longitudinal data with 
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UHR participants who transition to psychosis and comparisons to patients with psychosis 

using the same movement parameters to better elucidate the relationship between MEA 

kinematic variables and psychosis symptom development.

The current study fits in well with a growing body of work to look at movement 

abnormalities using instrumental measures. As noted, a variety of instruments have been 

used in both UHR and psychosis samples to measure fine motor performance in UHR and 

schizophrenia samples including digital tablets for handwriting analysis (Caligiuri et al., 

2009; Caligiuri et al., 2010; Caligiuri et al., 2006; Dean and Mittal, 2015; Dean et al., 2015b; 

Dean et al., 2013), and finger pressure sensors (Cortese et al., 2005; Mittal et al., 2013b; 

Purdon et al., 2001). In addition to the instrumental measures for fine motor performance, 

researchers have used actigraph sensors (Mittal et al., 2013a; Walther et al., 2015; Walther et 

al., 2014b) and postural sway devices (Bernard et al., 2014; Dean et al., 2015a; Kent et al., 

2012) to measure standing and ambulatory gross motor performance in UHR and psychosis 

samples. The current study supports this growing body of literature by hinting at the promise 

for automatized coding processes. This line of research has already been utilized to 

supplement traditional coding measures of emotions such as Facial Action Coding System 

(FACS) (Wolf, 2015). Over time, automated approaches may prove superior because the 

time and training that traditional coding takes cannot be feasibly incorporated into risk 

evaluations or calculators.

Most importantly, the results of this study add to the growing literature on motor 

performance during the UHR period. Data from MEA may provide a holistic approach to 

understanding motor behavior related to a variety of domains of movement rather than 

relying on data collected from separate instruments. The footage used for MEA was taken 

from clinical interviews and may be a helpful addition to assessment of psychosis risk. 

Indeed, automated and instrumental measures of movement may be able to more quickly 

assess abnormalities, thus providing data quicker in addition to other measures of risk for 

psychosis. This may ultimately guide better assessment strategies for psychosis risk.

This study has several strengths and limitations. The MEA used in this study has not 

classified movements according to traditional observer based measures, such as dyskinesia. 

This limits our ability to place the current results in a specific context that is rooted in past 

studies, although this remains a goal for this data. Follow-up studies comparing MEA 

generated kinematic variables to other instrumental measures of dyskinesia, psychomotor 

slowing as well as observer based ratings may provide further detail about how this 

technology may be used to assess movement abnormalities in psychosis populations 

(Mentzel et al., 2016a; Mentzel et al., 2016b). Validation studies using MEA in larger 

healthy samples would also help to make stronger conclusions about movement 

abnormalities during the UHR period. The results did not reveal a relationship to positive, 

negative or disorganized symptom domains, however, group differences between UHR and 

healthy controls suggests that altered body movement is related to psychosis risk; future 

work examining associations to biological and social markers of risk for psychosis may 

provide insight into how gross motor movement is related to the development of attenuated 

psychosis symptoms. Finally, the study was cross-sectional and follow-up studies over 
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multiple time points are necessary for examining the relationship between motion energy 

kinematics and the progression of psychosis.
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Figure 1. 
An example of the head and body regions of interest and the measurement of grey scale 

density in a movie frame. The person in the figure is a research assistant in the lab.
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Figure 2. 
An example body movement time series from an UHR and healthy control participant.
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Table 2

Mean (SD) for MEA variables for the head and body regions of interest.

UHR Control

Head

Amplitude 113.04 (86.76) 131.75 (100.05)

Total movement 5567.43 (3189.43) 4708.16 (3844.62)

Speed 3.99 (2.39) 4.28 (3.26)

CV 1.12 (.35) 1.12 (.32)

Body

Amplitude 289.49 (162.02) 266.81 (186.76)

Total movement 8595.65 (4849.62) 6222.48 (4111.67)

Speed 10.82 (7.33) 7.97 (5.26)

CV 1.05 (.36) 1.23 (.53)
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