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ABSTRACT 

While the number of individuals with partial hand limb loss is ten times greater than all other upper limb 
amputation categories combined, the state of available technology for this underserved patient population is 
relatively poor. Even though studies report preference towards myoelectric partial hand prostheses, patient adoption 
of myoelectric devices has been stunted by the limitations of the only control methodology commercially available, 
direct control. To address this challenge, we suggest the novel application of the Glide myoelectric control strategy 
to individuals with partial hand limb loss. In this work, we describe preliminary investigations with two individuals 
with partial hand limb loss, one with standard, intrinsic musculature of the residual hand and another who has 
undergone state-of-the-art surgical interventions. 

 INTRODUCTION 

Approximately 600,000 people live with partial hand amputations in the United States, with an estimated 
14,500 new cases occurring each year [1], [2]. The level of impact on the functionality of the limb after amputation 
depends on which finger or fingers are affected. For example, loss of both the index and middle fingers results in 
40% and 36% impairments of the hand and upper extremity respectively, and 22% impairment of the whole body 
[3]. In fact, individuals with partial hand limb loss (PHLL) self-report a higher level of disability compared to 
individuals with other major unilateral upper limb loss (ULL) [4]. But while the number of individuals with PHLL is 
10 times greater than all other upper limb amputation categories combined, the state of available technology for this 
underserved patient population is relatively poor [5]. Prosthetic solutions for partial hand amputations are considered 
only after reconstructive surgical procedures have failed [6]. If prostheses are an option, individuals with PHLL 
have three main options for prosthetic care: 1) passive prostheses; 2) body powered prostheses operated by flexing 
the proximal joints; and 3) myoelectric prostheses operated by electronic input from the patient’s residual limb [7], 
[8], [9]. While some studies report preference towards myoelectric devices [10], prosthetic selection should be based 
on a patient’s individual needs and include personal preference, prosthetic experience, and functional needs [11]. 
Advantages of myoelectric prostheses include increased comfort, natural control, greater range of motion, reduced 
compensatory movements, perceived sensory feedback, and more cosmetic acceptance [10], [12].  

Despite the above potential advantages of myoelectric prostheses, the adoption of such devices is poor. The 
primary reason for this is related to the control methodology. Current myoelectric systems are typically limited to 
operating one degree-of-freedom (DOF) using 2 electrodes from intrinsic myoelectric signals. The only available 
control strategy for partial hand myoelectric prostheses is Direct Control (DC), wherein the activity of a single 
electromyography (EMG) electrode is correlated directly with the actuation of a single DOF. However, because DC 
requires isolated control signals, the close proximity of intrinsic hand muscle sites creates significant cross-talk from 
sensors and limits the number of sensors that can be used [13]. Although recent variations of DC have allowed users 
to directly map “discrete” electrode functionality to individual or coupled finger motions, these strategies still 
require signal isolation (some even suggesting surgical intervention). To get around this limitation, manufacturers 
have created other methods of switching between grasps using mobile apps, EMG triggers, or accelerometer-based 
switching features, techniques that have not been well received by individuals with PHLL. 

In this work, we explore the feasibility of a directional control algorithm (i.e., Glide) as an alternative control 
strategy for myoelectric partial hand prostheses. Originally designed for individuals with above-wrist amputation, 
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the Glide control strategy uses the vector summation of the amplitude of EMG signals from multiple electrodes to 
navigate a Glide cursor to angular positions within a circular map (i.e., the Glide domain) [14], [15], [16]. The Glide 
domain can be partitioned into user-adjustable slices, each correlated with a specific motion of the user’s prosthesis. 
By modulating the relative amplitude across EMG channels, users drive the Glide cursor to a desired slice of the 
Glide domain, resulting in volitional prosthesis movement. In contrast to DC, the Glide algorithm allows patients to 
control multiple DOFs even when individual electrodes suffer from crosstalk and co-activation. Due to the custom 
partitioning of the Glide domain, the Glide algorithm can leverage synergistic co-activity to provide additional 
dimensions of control. Here we explore the suitability of the Glide control strategy to individuals with PHLL 

METHODS 

This study was conducted in accordance with a protocol approved by the Johns Hopkins University School of 
Medicine Institutional Review Board. Two individuals with PHLL were recruited by study team members to trial the 
use of a commercial equivalent Glide system, driven by the residual musculature of their partial hand. 

Participant 1 (P1) is a woman in her mid-30s who 
underwent amputations of the middle, ring, and little 
digits of her left hand due to a workplace accident. 
Since her amputation, she has operated a set of passive 
positional prosthetic digits (GripLock Fingers®, Naked 
Prosthetics, Olympia, Washington) in her daily life; 
she had no experience with myoelectric devices. 

Participant 2 (P2) is a man in his early-50s who 
underwent amputations of the middle, ring, and little 
digits of his right hand due to a workplace accident. 
During his amputation surgery, his clinical care team 
performed a double Starfish transfer [17] of his second 
and third dorsal interossei muscles in the hopes of 
providing him with independent digital control of 
myoelectric partial hand prostheses. While P2 was 
prescribed externally powered myoelectric digits (i-
digits® quantum, Össur hf., Reykjavík, Iceland), he 
has not used them regularly in his daily life due to his 
inability to generate consistent EMG patterns. 

During the feasibility study, participants were fit 
with four pairs of bipolar, surface EMG electrodes 
(Infinite Biomedical Technologies, Baltimore, MD), 
targeted over the first, second, and third dorsal 
interossei muscles as well as the abductor digiti minimi 
of their partial hand (Figure 1). After electrode 
placement, participants were trained on the use of the 
Glide system and were prompted to attempt to activate 
each recorded myosite independently by flexing the 
targeted, underlying intrinsic muscle. To prompt 
activation, participants were shown a cue of which 
electrode to activate (Black, Red, Blue, or Green) in a 
random order with the cue being presented for 1 s 
before data collection began. During data collection, 
the root-mean-square (RMS) of each electrode channel was recorded for 5 s. Kernel density estimates of the 
observed RMS values for each electrode were then used to define an activation profile for each prompted flexion 
(Figure 2). These activation profiles were useful in determining how many individual movements participants 
should aim to begin with for a specific electrode configuration. Using the observed activation profiles, a Glide map 
was constructed for each participant. Over the course of the evaluation period, algorithm parameters (i.e., electrode 
gains, EMG smoothing, onset delay, etc.) were tuned to balance each participant’s control stability and performance. 

Figure 1. Pilot evaluations of the Glide control strategy 
with individuals with PHLL. (A) P1 had undergone 
amputations of her middle, ring, and little digits of her left 
hand and was naïve to myoelectric control strategies. After 
an hour, she was able to achieve four separate functions 
given the Glide map shown, left. (B) P2 had undergone 
amputations of his middle, ring, and little digits of his right 
hand as well as a double Starfish transplantation of his 
interossei. P2 had abandoned daily use of his myoelectric 
device due to an inability to generate consistent, distinct 
EMG patterns of activity. After a single evaluation 
session, P2 was able to elicit three separate functions given 
the Glide map shown below, right. 
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RESULTS 

Attempts at individual muscle flexions revealed that both P1 and P2 were prone to co-activation of 
neighbouring interossei (observed most prominently in the Blue and Red electrodes, Figure 2). In the case of P1, this 
is unsurprising as they were naïve to myoelectric control and therefore had difficulty isolating individual myosites. 
Similarly, prior to this evaluation with the Glide control algorithm, P2 was historically unable to elicit discriminable 
activity on more than two sets of electrodes (i.e., the abductor digiti minimi and all dorsal interossei), allowing only 
two available functions in an agonist-antagonist pairing. The activation profiles of P2 seem to support these limited 
independent control axes, with the Red and Blue electrodes exhibiting highly correlated activity. 

Despite both participants being prone to interossei co-activity, after adjusting the gain of each individual 
electrode to fine-tune and bias their responses, both participants were able to consistently control multiple distinct 
movements via the Glide user interface. While both participants began with the simplest Glide map (an agonist-
antagonist movement pairing), both were able to achieve a more complex, functional map by the end of evaluation 
(Figure 1). P1 was able to control four movements (one for each electrode): three synergistic hand grasps and one 
antagonistic movement mapped to Hand Open. P2 was able to control three movements: two synergistic hand grasps 
and one antagonistic movement mapped to Hand Open. Continued testing with these Glide maps over the course of 
1 hr confirmed that each participant was able to reliably reproduce each assigned movement, even without the visual 
feedback of the user interface. 

DISCUSSION 

The results from this preliminary study highlight several strengths of the Glide control strategy when applied to 
individuals with PHLL. Primarily, results suggest that Glide allows individuals to independently control multiple 
DOF, despite existing co-activations inherent to the intrinsic muscle activity. In contrast, DC requires completely 
independent control sites free from co-activity [18], [19], [20], [21]. And while emerging surgical interventions, 
such as the Starfish procedure [17], may alleviate some limitations by increasing the separation between muscle 
sites, the size of the patient population who have received such interventions (≤ 20 [22]) is dwarfed by the total 
amount of patients living with a partial hand amputation. The Glide system does not require the independence of 
control sites (or surgical interventions) expected by DC. 

Additionally, these results suggest that a progressive training regimen with the Glide system may help 
individuals with PHLL attain greater functionality as they become accustomed to their control capabilities. Both 
participants had initial difficulties eliciting independent myosite activations, despite one participant even having 
undergone the aforementioned Starfish procedure. Despite these challenges, we were able to begin with a simplified 
Glide map, focusing on just a pair of agonist-antagonist movements, increasing the complexity of their maps as they 

Figure 2. Activation profiles of each participant. Each electrode subplot represents the distribution of RMS values 
recorded while attempting to activate each electrode independently. (Top) P1 exhibits good separation for the Green 
and Black electrodes with severe to moderate co-activity present when attempting to isolate the Blue and Red 
electrodes. (Bottom) P2 exhibits similar intrinsic muscle activation profiles, albeit with greater co-activation 
between the Blue and Red electrodes. 
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became more comfortable. This scalable nature of the Glide system contrasts with DC, wherein an additional 
electrode would need to be added for each desired additional DOF. 

Of course, this work is not without its limitations. For one, as a preliminary investigation, the sample size is 
small; a subsequent study will require greater participant recruitment. Additionally, these investigations are 
motivated by the assumption that access to more DOFs will result in greater functionality for individuals with 
PHLL. And while this assumption has largely held true for individuals with other upper limb amputations, it has not 
been shown in this patient population (largely due to the lack of available myoelectric control strategy options). 
Follow-up studies should directly compare the effect the choice of myoelectric control strategy (i.e., DC or Glide) 
has on partial hand prosthesis functionality. However, as a preliminary investigation, this work demonstrates the 
feasibility of successfully applying the Glide control strategy to the partial hand myoelectric control problem. 
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