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Comparison of the Electromyographic Activity of Different
Zones of the Abductor digiti minimi manus Muscle in
Search of a Functional Compartmentalisation
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SUMMARY: There is evidence demonstrating the presence of functional compartmentalisation (FC) in some skeletal muscles.
This means that the motor units (MU), grouped in certain areas of the muscle, show different levels of activation in coontiensson
located in other zones. This has only been described in large muscles whose morphology proves the existence of a FGekowewer, t
background information about small muscles, such a&titlactor digiti minimi manugADM). The objective of this study was to compare
the activation of the MU in different zones of the ADM to support the hypothesis of the existence of a FC in the ADM. By 1asisg
sectional, analytical, observational study, the activity of the MUs in the ADM was assessed in 12 volunteets 1a@jgezis old; weight
75.3+ 8 kg; height 176.2 7.3 cm; average standard deviation). The activity of MUs was evaluated using high-density surface
electromyography (HD-sEMG) with an array of 64 electrodes arranged two-dimensionally. This allowed us to record the #leévity of
MUs in three zones of the ADM (Z1: dorsal zone; Z2: dorsal-palmar zone and Z3: palmar zone). Electromyographic recordings were
obtained during voluntary isometric contractions of the ADM at 20, 40, 60 and 80 % of the maximum voluntary contractioMi&\VC).
comparison of the activation levels of MUs between the three zones was carried out using a mixed model analysis of Theaeantis.
showed a significant difference between the dorsal and palmar zones at 40 % of the MVC (p= 0.03), and between the d@ahl and do
palmar zone at 80 % of the MVC (p= 0.03). The results obtained in the evaluated sample support the hypothesis of tred EXiStetiee
ADM. However, further research is needed to determine with greater certainty the presence of this compartmentalisatio¥.in the A

KEY WORDS: functional compartmentalisation, neuromuscular compartmentalisation;Abductor digiti minimi manus high-
density surface electromyography.

INTRODUCTION

The Abductor digiti minimiof hand (ADM) is the the level of the proximal interphalangeal joint (Soldado-Ca-
most superficial of the muscles of the hypothenar eminenceeraet al, 2000; Gudemeet al).
Its origin is found in the pisiform bone, in the pisohamate
and pisometacarpal ligaments, as well as in the tendon of = The ADM is innervated by the deep motor branch of
flexor carpi ulnaris (Palastangaal, 2002), some authors the ulnar nerve, which passes across the muscle at an avera-
include the hamulus process of the hamatum and the palrgardistance of 31mm, distal to the proximal edge of the
carpal ligament to this insertion (Gudenszal, 2002). It pisiform. From a morphological point of view, it has been
is distally inserted in the ulnar region of the first phalanx atcognised that the ADM consists of a single fusiform belly
the little finger and in the dorsal digital expansion (Palastan@@stut & Latarjet, 1959; Muratet al, 2004). However,
et al), as well as in the dorsal expansion of the extensorore recent studies have more frequently shown the presence
digiti minimi muscle, the distal digital fascia and the skin abf two bellies, one medial and other lateral (Santo Mé&to
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al., 1984; Buarque de Gusmébal, 2005), the latter being MATERIAL AND METHOD
the most superficial (Gudemetal).

The action of the ADM involves abduction of the By using a cross-sectional, analytical, observational
little finger and flexion of the metacarpophalangeal joinstudy (Herndndez Sampiest al, 2014), a sample of 12
Due to its proximity to the dorsal digital expansion, the ADMhealthy volunteers (age 211.6 years old; weight 758
is a synergist muscle in the extension of the interphalang®a8 kg; height 176.2 7.3 cm; average standard deviation)
joint. In addition, this muscle plays an important role irwas evaluated. The following exclusion criteria were applied
grasping large objects when the fingers are extendetthe recruitment of volunteers: i.- history of musculoskeletal
(Palastanget al). injuries to the upper limbs in the past 6 months (for example,

fracture, muscle tear, sprain, etc.); ii.- history of both cen-

The action of the ADM, as a whole muscle, lies in th&al and peripheral neurological conditions or diseases; iii.-
activation of its motor units (MUS). In this context, there areonsumption of substances such as alcohol and/or drugs in
electromyographic (EMG) studies that demonstrate thtbe previous 24 hours; iv.- habitual practice of sports that
existence of heterogeneity in the recruitment of MUs, whicimvolve the use of the muscles of the hand (for example,
is dependent on their specific location within the muscle aralimbing, judo, etc.); v.- use of psychotropic drugs in the
on the characteristics of the motor task performed. ThEst 6 months (e.g. olanzapine, risperidone, quetiapine,
heterogeneity in activation has led to the hypothesis thatoperidol, clonazepam, sertraline, etc.). All volunteers gave
certain muscles could be organised neuromuscularly agitten consent by signing an informed consent document.
functional compartments (FC), beyond the existence thatAdl procedures in this study were in accordance with the
demonstrable at a morphological level. This would imply thatriteria of the Declaration of Helsinki and were approved
the MUs grouped in certain muscle regions would shoty the local ethics committee (Date of approval: 2018-15-
different activation levelsthat differ from the MUs located ir05 code: SCEC201824).
other zones of the same muscle (Bratial, 2007). In this
sense, several studies have demonstrated the existence oRhizedure.All assessments were performed in a laboratory
neuromuscular compartmentalisation (NMC). Staudenmammvironment. Each volunteer was asked to sit in a chair in
etal (2009) recorded the differential activation of the differerfront of a table, on which a specially designed device was
regions of the triceps surae, in relation to foot movemenggaced to placethe hand and part of his/her forearm (Fig.
and the direction of the ground reaction force (GRF). Moresid&\). Throughout the assessment, the elbow was kept in a
et al. (2008) demonstrated the existence of differentid0° flexion position. In the device, a force sensor (3E151/
recruitment of the upper and lower portions of the rectu¥l4, Kinetecnics, Santiago de Chile, Chile) was installed to
abdominis muscle in differéfow intensity-exercises. While assess the isometric force developed by the ADM (Fig. 1B).
studying the recruitment of different regions of the rectulsikewise, the device allowed for the installation of a matrix
femoris in exercises combining hip flexion and knee extensioof 64 surface EMG electrodes (ELSCHO64NM5, OT
Watanabeet al. (2012) demonstrated the presence of at leaBioelettronica, Torino, Italy) which was arranged in 4 rows
two regions with differential recruitment, so that two NMCof 13 electrodes each, and one row of 12 electrodes (Fig.
were identified. Later, Guzman-Venegas al. (2015) 1C).This allowed us to record the electrical activity of the
demonstrated the existence of three FCs in the superficMUs in the different zones of the ADM. The electrode array
masseter muscleduring submaximal bite-force magnitudeswas placed on the ADM, in a way that its rows were arranged

parallel to the muscle fibres. In the first instance, the

The relatively large size, and the association with grossaximum voluntary isometric contraction (MVIC) of the
motor tasks are characteristicof the muscles that have beedM was assessed using the force sensor. Each volunteer
the subject of study in the search for their NMC. On theias asked to perform three maximal contractions of the
contrary, the intrinsic muscles of the hands have not be&DM, lasting four seconds, with one minute of rest between
subject of studies in the search of possible NMCs, as thébem. From these three recordings the maximum value was
muscles are seen to be small and associated with quite fadetermined, and that was considered the MVC (Guzméan-
tasks, implying that their motor units are relatively small (Santdenegast al).
Netoet al, 1998). For this reason, it is of interest to test the
hypothesis of the existence of possible FC in muscles with Prior to EMG recordings, the skin on the ADM was
these characteristics. The objective of this study was to conleaned with an abrasive paste (Everei, Spes Medica,
pare the activation of the MUs in different zones of the ADMBattipaglia, Italy), in order to reduce the skin impedance.
in order to support the hypothesis of the existen@FE€ in The recorded tests consisted of performing submaximal
this muscle. voluntary isometric contractions of the ADM, equivalent to
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Fig. 1. Mounting details for electromyographic recordalifuctor digiti minimmanus(ADM).General view of set-up for measuring the
activity of the motor units (MU) of ADM (1A), components of set-up: High-density electromyographic signal preamplifier(B). 64-
electrode surface electromyography (SEMG) matrix (C). Force sensor(D). Reference electrode and cuff for electromyographic
amplification(E). Velcro fastening for wrist and fingers (F).

Mounting sensors:force sensor used to measure the isometric force of the ADM(1B). Recording electrode matrix, (1C) detail of the
arrangement of the 64s EMG electrodes. Graph used to control the force of the ADM, (1D) force paradigms performed bgéhe volunt

at levels of 20, 40, 60 and 80 % of maximum voluntary contraction (MVC). Location of the electrode array on the ADM(1H)e The zo
has been highlighted with the red dashed line, and the electrodes that were used in the analysis of the MUs activityalibe desig
recording zones are Z1: dorsal zone; Z2: dorsal-palmar zone and Z3: palmar zone.

20, 40, 60 and 80 % of the MVC, which were conducte@rritory of the ADM. The 27 monopolar signals considered
following a pre-established paradigm (Fig. 1D). Thén the analysis were differentiated in the direction of the
magnitude of the contractions was controlled by visual feezatrix rows (Z1, Z2 and Z3), thus, each row had 8
dback from the ADM force record, which was superimposatifferential EMG signals (24 in total). Then, the amplitude
over the paradigms, and both were graphed in real time ofthe signals was assessed calculated using the root mean
a screen located in front of the volunteer. There was a brestfuare (RMS), using a 250 milliseconds window. Thus,
of five minutes between each test, and their order &r each signal, 20 RMS amplitude values were obtained
execution was randomly determined. Before the finalorresponding to the 5 seconds of analysis. Therefore, for
recording, testing samples were carried out at 50 % of thach row, a total of 160 RMS values were obtained. To
MVC in order to familiarise the volunteer with therepresent the activity of the MUs of each row, and thus of
procedure. The EMG signals were recorded using higtire different regions of the ADM, the medianof the 160
density EMG equipment (EMG-USB2, OT-Bioelettronicayalues was considered. The rows were assigned according
Torino, Italy), and they were amplified in a monopolato their location in the ADM, as follows: Z1: dorsal zone;
manner with a gain factor of 500 units. The signals we#2: dorsal-palmar zone, and Z3: palmar zone, as shown in
digitised with a sampling frequency of 2048 hz in &igure 1E.
bandwidth from 10 to 500 hz (Guzméan-Venegaal). A
synchronised capture of both EMG and force sensor sign&latistical analysis.Initially, a descriptive statistics
was made, which were stored usingdata collection softwaaralysisof the activation levels of the different zones of the
(OtBiolab version 2.6, OP Bioelettronica, Torino, Italy). ADM was carried out. The comparison of the activation
levels of the MUs recorded in the different dorsal, dorsal-
EMG signal processingEMG data, corresponding to thepalmar and palmar zones (Z1, Z2 and Z3, respectively) was
central 5 seconds of each test (Fig. 1D), were processeaamried out through a mixed model analysis of covariance
order to consider data in a stable state. For the analysigldttell et al, 2006). All statistical analyses were carried
the signals, the outermost rows of the matrix were nout in two tails and with a statistical significance level of
considered in the analysis. Similarly, the most proxim&5 %. Statistically significant differences were those
and distal channelswere not considered in the analysis. Tdssociated with a p-value <0.05. All analyses were
foregoing was decided in order that the processed signp&rformed usingstatistical analysis software (STATA/SE
were found with greater certainty within the anatomical2.1. Stata Corp. College Station, USA).
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RESULTS

The EMG amplitudes recorded in the three zones of the ADdbrsal zone showed greater activity than the
(Z1, Z2 and Z3) at the different contraction levels are shown as averagd@sal-palmar zone (p = 0.037) and there was
and standard deviation in Table I. At the contraction levels of 20 amdendency for the dorsal zone to have greater
60 % MVC, no significant differences between the three zones wewdivity than the palmar zone (p = 0.053). P-
observed. At 40 % MVC, the dorsal zone (Z1) showed greater actiwglues of all comparisons are presented in
than the palmar zone (Z3) (p = 0.039). Similarly, at 80 % MVC, thiable II.

Table I. Comparison of the normalised electromyographic amplitude betwe&able 1. P-values calculated from the comparison
three zones (Z1, Z2 and Z3) of thieductor digiti minim{(ADM) muscle, during  made using the mixed model analysis of covariance.

contractions at different levels. The amplitudes are shown as averages (stagnvc @1 (23)
dard deviation) of the EMG amplitude adjusted to the MVC.
- 20 D - 0.224
%MV (Z1) (Z22) (23) Inter-regional
20%  27.1(20.8) 24.4(125) 23.0 (9.4) None 40 (éf) 0.427 00;)63791
40% 549(31.7)  52.4(30.6) 48.7 (22.0) Z1>73% EZ2; 0 ;'07 6216
6OZA) 66.0(22.7)  68.2(25.9) 64.5 (15.9) None 60 1) - 0.791
80% ' 94.6(37.6) 783 (21.7) 79.5 (22.7) Z1>72% (22) 0.716 0.530
MVC: Maximum _volu_ntary contraction. . ) (z1) _ 0.053
T P-value< 0.05 in mixed model analysis. (22) 0.037+ 0.881

Z1: dorsal zone; Z2: dorsal-palmar zone and Z3: palmar zone.

MVC: Maximum voluntary contraction.

T P-value< 0.05 in mixed model analysis.

Z1: dorsal zone; Z2: dorsal-palmar zone and Z3: palmar
zone.

DISCUSSION

The results of this research show that at certalras multiple insertion sites in the jaw, which suggests
levels of muscle contraction (40 and 80 % MVC) the dofunctional differences between the MUs of its different
sal, dorsal-palmar and palmar zones of the ADM shoportions. Indeed, the existence of a FC has been evidenced
differences in the recruitment of the MUs located in these this muscle, using a fundamentally mechanical rationale
zones, which could support the hypothesis of the existen€&uzman-Venegast al). However, there is background
of a functional or neuromuscular compartmentalisation @fiformation about muscles with a single tendon in which
the ADM. the behaviour of their MUs describes the existence of a

FC. Blanksmaet al (1997) demonstrated the

While it is true that the ADM has been the subjedieterogeneous recruitment of MUs from the temporalis
of previous electrophysiological studies (Fargtaal, muscle in humans during different chewing tasks.
2008; Bouillardet al, 2012),to date, these studies hav€urthermore, Wickham & Brown (2012) showed the
not focused on examining the heterogeneity in thexistence of a FC in the pectoralis major and latissimus
recruitment of the MUs. The results of the present studiprsi muscles, in relation to different movements of the
bring to light the possible existence of a FC; however, tlehoulder. Likewise, Méndeet al (2013) reported the
results are not categorical, since at certain levels ekistence of three functional compartments in the fibularis
contraction (20 and 60 % MVC), differences in thdongus muscle.
recruitment of MUs are not demonstrated.In this study,
the activity of the MUs was examined, considering three The presence of the differential recruitment pattern
zones: dorsal, dorsal-palmar and palmar (Z1, Z2 and Z8tween the three zones recorded in the ADM could have
respectively), which were divided according to the fusiforrm morphological substrate related to the three motor
morphology of the ADM. From a mechanical perspectivégranches emerging from the motor branch of the ulnar
it is difficult to justify the presence ofdifferential activationnerve that innervate the ADM (Gudenedzl). Possibly,
of the MUs in different zones of a muscle whose fibresach of these motor branches could innervate the muscle
fusiformly converge to a single tendon. In comparison witfibres located in the areas studied; however, the
another type of morphology —such as that of the masseterroboration of this assumption should be done with
muscle—this turns out to be more justifiable, given that itistochemical and/or stereoscopic studies.
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The differential recruitment of the MUs could begyzmAN-VENEGAS, R.: IZQUIERDO, M.; CADORE, E. L.
attributed to their different properties. It is well knowrs. LOPEZ, J. C. Comparacion de la actividad electromiografica
that MUs have different metabolic and mechanicale diferentes zonas del miscalaductor digiti minimimanus en
properties, which differentiate them in terms of size, raftisca de una compartimentacion funcionat. J. Morphol.,
of force production, resistance to fatigue and activatiot?(2}441-446, 2021.
threshold, classifying them into fast, fast-slow and slow

motor units (Burkeet al, 1971; McDonagfet al, 1.980)' ._de una compartimentalizacién funcional (CF) en algunos musculos
In 96”9“3" the fast MUs turn Ouf‘ to be large ‘_N'th a h'gzgqueléticos.Aquello se traduce en que las unidades motoras (UM)
activation threshold and low resistance to fatigue, whilgyrupadas en ciertas zonas del masculo, presentan diferentes nive-
the slow ones are smaller in diameter with a low activatiaes de activacién a las ubicadas en otras regiones. Esto solo ha sido
threshold, and they are more resistant to fatigue (Hennenuacrito en masculos grandes, cuya morfologia justifica la existen-
et al, 1965). On the other hand, it has been described tlsigtde una CF. Sin embargo, no existen antecedentes de aquello en

the distribution of the different types of MUs within amusculos pequefios, tales comaletiuctor digiti minimimanus
{APM). El objetivo de este estudio fue comparar la activacion de

muscle proves to be heterogeneous, in which a grea] s UM en distintas zonas del ADM, con la finalidad sostener la
amount of MU of a certain type is concentrated in Certa}ﬁpétesis de la existencia de una CF en el ADM. Mediante un estu-

regions (Korfgge & Van E”de_n' 1999; Ramom a_l' . dio observacional analitico transversal se evalud la actividad de las
2000). For this reason, the differences in the activatiQiy del ADM en 12 voluntarios (edad 21,6 afios; peso 758
levels of the MU of the three zones studied could bg; altura 176,2¢ 7,3 cm; promedict desviacion estandar). La
attributed to the heterogeneous distribution of the MU typetividad de las UM, se evalué mediante electromiografia de su-
within the ADM. The results indicate that the MUSs locategerficie alta densidad usando una matriz de 64 electrodos dispues-
in the dorsal zone of the ADM showed greater activatidfs bidimensionalmente. Esta permiti6 registrar la actividad de las
than the MUs of the dorsal-palmar and palmar zones, bengI en tres zonas del ADM (Z1: zona dorsal; Z2: zona dorso-pal-
significant at 40 and 80 % of the MVC. The foregoin ry Z3: zona palmar). Los registros electromiograficos fueron

Id be int ted high trati fsl M btenidos durante contracciones isométricas voluntarias del ADM
could be interpreted as a higher concentration of slow 20, 40, 60 y 80 % de la contraccién voluntaria maxima (CVM).

in this area, since this type of MU shows a lower activatiqn, comparacién de los niveles de activacién de las UM entre las
threshold; however, this needs to be analysed s zonas fue realizada mediante un andlisis de modelos mixtos de

histochemical studies. covarianza. Los resultados indicaron que existi6 diferencia signifi-

cativa entre la zona dorsal y palmar al 40 % de la CVM (p=0,03), y

Within the limitations of this study is the fact ofentre la zona dorsal y dorso-palmar al 80 % de la CVM (p=0,03).
studying the activity of MUs of the ADM only in the main Los resultados obtenidos en la muestra evaluada sostienen la hipo-

motor function of the ADM. Future research shoul(&eSis de la existencia de una CF en el ADM. Sin embargo, son nece-
consider. in addition to th'e abduction. the flexio sarias mas investigaciones para establecer con mayor certeza la pre-

. Lencia de esta compartimentalizacién en el ADM.
component of the metacarpophalangeal joint, as well as

functional tasks such as grasping. PALABRAS CLAVE: Compartimentalizacién funcio-
nal; Compartimentalizacién neuromuscular; Abductor digiti
minimi; Electromiografia de alta densidad.

RESUMEN: Existe evidencia que demuestra la presencia

CONCLUSION
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