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Abstract

The present study focuses on an innovative apprimasteasuring the mechanical oscillations
of preloaded Achilles tendon by using Mechanotendography (MTG) duxpplication of a
shortyetpowerful mechanical pressure impalthis was applied on the forefoot frahe plantar
sidein direction of dorsiflexion, while the subject stood on the ball of the forefoot on one leg.
Participants with Achilles tendinopath’T; n = 10) were compared to healthy controls (Con;

= 10). Five trials were performesh eachside of the body For evaluation, two intervals after
theimpulsebegan(0-100ms; 36100ms) weresut from the MTG and pressure raw signals. The
intrapersonalvariability between the five trials in both intervals were evaluated using the
arithmetic mean and coefficient of variation of thean correlation (Spearman rank correlation)
and the normalized averaged mean distances, respeclihehAT-group showdasignificantly
reduced variability in MT@&ompared toahe Con-group from p =0.006 to p =0.028for different
parameters The 95%confidenceantervals (Cl) ofMTG resultsweredisjoint, whereashe 95%

Cls ofthepressure signalseresimilar (p =0.192to p =0.601).We suggest from this work that
the variability of mechanical tendon oscillations coulddmeindicative parameter of an altered
Achilles tendon functionality.

Key Words: Mechanotendography, mechanical tendinous oscillations, variabilityadatmm
pre-activated Achilles tendon

Eur J TranslMyol 30 (2): 247-257, 2020

The etiology and pathomechanism of Achilles duestioned, why patients frequently only develop

tendinopathy (AT) are still poorly understood, but seem Icomplﬁmtswuh one leg BOth Ieg?kc;\rry t?e same Iolgd.
to be multifactorial}? Achilles tendons withstand forces N Such cases, an overuse IS uni yere ore, it cou

of ~2600N during walking and ~9008 during be advantageous in the field of physiological medicine to
running? However, what causes the decline of its consider factors that influee the resilience more
resiience?One of t,he most common hypotlesss the closely. In - therapy, gnllke tfad'“ona' orthopedic
‘overuse’ theory where intuition dictates that Achilles tre_a’gmenté an eccentric exercise ted out to_ t_)e
function deteriorates due to excessive use dutaity efficient for treatment of AT Reviews based on clinical
life. However usually no extraordinary strebas been triqls_ hzgve rgvealed high. effectiveness of eccer)tric
placed on the Achilleendonprior to patient complaints. ':)ralnlng. This allso fhlghl_lgh_ts thenté:1l_os$h co'znﬁ_(l:ltlon
Of course, a correlation between complaints and physical etween muscuiar L_mctlonlng. anii. € Achiiles
strain is evident. There seems to be a disparity across tendon is a passive tissue, which "F"‘S the triceps surae
patients with regards to individual development of muscle to the calcanetsne of the hindfootWhile the

tendon syndromes. Some may acquire a tendon syndromeaCt'Ve r:eutr)omusmﬂar gart IS rarttaly confldlelﬂdaret. i
under wha is considered as a normal daily burden. S€€MS 0 D€ an allered neuromotor control in patients

Across athletes, not all of them show the same problems with AT. This is indicated by a strength reduction of

due to extreme loads. Why is this the caEk& answer pIan_tar _flexor§. So_me researchersave also found a
is clear: It is up to the relatiship between load and decline inthe amplitude oElectromyography (EMG],

8
personal resilienceln addition, it also hasto be othershavenot
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The mechanical nacular oscillations duringnuscular
activity are well knowrf,buthavenotbeenconsidered in

the context otendinopatly. Tendons show mechanical
oscillations in frequency rangeslOHz, which can be
measuredthrough the use ofMechanotendography
(MTG).1*12 The MTG and the MMG of the associated
muscle show coherent behavi8t! However, the
tendinous oscillations are usually not examined. Martin
et al. investigated the spread wave of the Achilles tendon
during cyclic isometric ankle plantar flexion and
walking 314 This is related to the present study, which
focusel on the mechanical oscillations of the Achilles
tendon after aplantar impact on the preactivated
musculoskeletal systefihis setting was chosen because
related injuries often arise duringhysical activities
characterized by impact absorption.

The purpose of this study was to investigate, whether or
not the oscillatory behavior of the Achilles tendon shows
differences between Apatients and healthy controls.
Standing on one forefoot is a setting, in which the subject
continuously has to adapt to postural excursions,
especially after perturbation. A high variability of
neuromuscular control could be an adeaet under these
conditions.

Materials and Methods

The experimental study took place in the
Neuromechanics Laboratory in the Division of
Regulative Physiology and Preventj@ithe University
of Potsdam (Germany)

Participants

There were twenty healthy studer{ts= 14 male n=6
female) whovolunteered to be part of the Control (Con)

group in this study. Exclusion criteria included
complaintsof the lower extremities and spine within the
last six months and pain on palpation of the Achilles
tendon. Three participants had to be excluded because of
complaints of the knee or ankle joint. The signals of
another eight participants were excluded duse of a
technical phenomendgee limitations)Accordingly, the
signals of nine participants weerincluded inthe Con
group. The average age, weight and height of this group
was recorded. In the final Con group, there were eight
males(n=8: 22.75 + 187 yrs., 79.19 + 7.Rg, 184.5 £
6.75 cn) and one femalé = 1: 22 yrs., 60 kg, 165 cm).
There were also aroup of patients with Ahilles
tendinopathy (AT) whwolunteered to participagithin

the AT group 6=23). Inclusion criteria were
complaintsof the Achilles tendon and either a thickening
of the Achilles tendon or a pain on palpatiof at least 1
(pain scale: & no; 10=unbearable)or both. Exclusion
criteria included: further complaints of the lower
extremity or spine within the last sixamnths or acute
health problems, diabetes or hyfhyperthyroidism.
Four patients were excludea these ground®ue to the
signal phenomenothat also occurred in potential data
from the provisional Con groupen further patients were
excludedfor the sane reasonThe remaining patients
formed the ATgroup(n = 9). These were six malés =
6:37.50 + 14.10 yrs., 85.677.34kg, 183.67+ 3.93cm)

and three femaleg = 3: 32.33+ 15.31 yrs., 65 + 13.75
kg, 170.33 + 9.07 cm). Six patients had complaints on the
left, three on both sides. The pain scale on palpation
varied from 4 to 8 at different localizations of the tendon.
There was also a test abortioariterion during
measuremenivhich was pain,yet thatnever occurred.
The personal and anthropometidata(age, body mass,

Control unit with

small pressure sensor

compressor

MTG-sensor

amplifier

Fig 1. Setting A, Impulse applicator with control unit (1), impulse panels (2) and compressor (3) for the applid
of the impulse on the lower extremitiBsThe impulse applicator worksith pressure and applies the impuls
from plantar to the forefoot in upward direction. The thereby generated mechanical oscillations
Achilles tendon are recorded with piezoelectric sensors (Mechanotendography; MTG). The an
pressure and MT&@Gignals are converted (1bit) to digital form, transferred to the measuring notebook &
stored with Software DIAdem (National Instruments).
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body heightland health statu@eneral acute or chronic
diseases or other health issues, complaints of the
musculoskeletal systerj all participants were asssed
through a questionnaire and the Achilles tendon was
examined clinicallyThe participantsneasurements were
takenon both sides. Due to the technical phenomenon
described earlierthe signals of only one side were
utilized, except for one participamdf each group.
Therefore the signals of eachroup consigtdof n= 10
usable MTGsignals.The study was approved by the
local ethics committeat the University of Potsdam
(Germany) approval no. 37/2015nd was conducted
according to theDeclaration & Helsinki. All subjects
were informed in detail and gave written informed
consent.

Techntal components of the setting

In the setup (seeFigure 1) a strain of the pteaded
Achilles tendon and its muscles was induced. The device
produced a short but strong impact frtéme plantarpart

of the footto the forefoot inan upward directia. This
impulsegenerated a short dorsiflexion of the ankle and,

sensitivity of 312 mV/g (range * 2g, linearity: = 0.2%;
Biovision) for the detection of panel movements. The
height and strength of pressure impslaere controlled
by the control unit and the software DIAdem .20
(National Instruments (N)) The impulse was adjusted
by stroke height of 1 cm arduration of 0.02 + 0.002 s.
The technique ofMechanotendography (MTG) can be
considered analogously to the Mechanomyography
(MMG) technique,only applied for tendon¥? The
established methods of MMG and EMG only provide
information of muscular, not of tendinous structures. Due
to the coherent behavior of MTG, MMG and
EMG0111516  the MTGsignals allow indirect
conclusiongo be made regardintpe muscular activity.
Since ithas beershown that the motion dhe Achilles
tendon and adjacent subcutaneous tisdehave
similarly,'® we assume that the mechanical oscillations
captured superficially reflect tendinous motiobsiring
pilot testing, the following measurememere recorded:
MMG of the gastrocnemius muscle and MTG of the
Achilles tendon. Since the MMG did not provide further
information concerning the variability, onithe MTG

thus, a stretch of the triceps surae system. In contrast to was recordedat this stage The oscillations of the

common reflex tests, this was performed during a pre
activated muscktendonsystemBYy use of meumatics, a
fast, powerful, but short impulseas producible. The
systemincluding the impulse platforpnwas constructed
in collaboration with Seifert Drucklufttechnik GmbH

Achilles tendon were recorded bypiezoelectric sensor
(Shadow SH4001; amplifier: Nobels paenp booster
prel). All signals (pressure, ACC, MTG) were
transmitted through an AHoonverter (NI USB6218,
16-bit) and recorded by NI DIAdem 10.2 (sampling rate:

(Bernsbach, Germany). The impulses were generated by 500 Hz).

two pneumatic cylinderRiegler 7.DMA.80020 LINER,
diameter80mm) and transmitted by two separate panels
(left and right side)o theplantarsideof the forefoot. The
main compressor providethe compressed air for the
impulse with 8 bar (type Airko 3.0 HP, max. 10 bar). A
secand compressor (Jufir, Agre Compressor Hobby
Star 200; max. 8 bar) was used to activate a
pneumatially controlled valve for impulse pressure
control. The impulse platforms were equipped with two
pressure sensors (WIKA Type 20, 010 bar; embedded

in cylinders) and two onexis ACGsensors with a

Reliability ofthe piezoelectric sensor

In order toconfirm reliability of the used sensor, the
oscillations of a subwoofer were recorded by a
piezoelectric sensor during playback of two different
sounds. The sensor was fixed onto the coverage of the
loudspeaker of the subwaaf(Yamaha Model No. NS
SW210, Figure 2a). The signals were A/D converted (NI
USB-6218, 16bit) and recorded by NI DIAdem 14.0
software Five repetitions were performetdihe signals
show high reproducibilityas may be seen iRigure 2

A

B

(five repetitions, zoomed 0.1s).

Fig 2. Reliability of the piezoelectric sensor used for the Mechanotendography (MTG). A, Setting for the
measurementpiezoelectric sensor (pickup; Shadow SH40fgd on the cover of thieudspeaker of al
subwoofer (Yamaha Model No. 1$8V210)B, Recorded 40 Hz sine oscillations (five repetitions, zoor
0.2s) C, Recorded oscillations of the audio from one M3iGnal from the Achilles tendon after impaq
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Fig 3. Exemplaily curves of MTG and pressure raw signddsplayed are the 50fhsintervals after impulse of
the raw signals of the Mbanotendographie (MTGA} and pressure signalR) of each five trials of al
healthy participant. For further analysie first L00msinterval afterimpulse starting is of special intere

impulse. lllustrated are eadive MTGsignals of one patient with Achilles tendinopathy (AJ))gnd of me

05
time [s]

exemplarily curves from impulse start to 100ms

pressure signals of thepafient €) and the ConK).

Furthermore, the 40Hz-oscillations are mapped
precisely. From these measurements we therefore
concluded thathe piezoelectric sensaised wasuited to
measure oscillationis a reproducible way.

Setting and procedurer Achilles tendon measurements

The MTG-sensor was fixed 5 mm above the insertion of
the Achilles tendon at the calcaneus using B&g:.
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Participans stood habitually oone leg with the forefoot

on the panel. The reéwot was unloaded. The knee was
bent slightly (~5° flexion, visually controlled) poevent

the knee going into complete extensidn. reatlife
motion, our knees are usually not completely extended,
since his woulddiminish the absorbing properties of our
musculoskeletal systertherefore, our setting up of the
Achilles tendon measurements was done so, keeping
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U-test comparing Con vs. AT is aldisplayed.

Table 1 Arithmetic mean (M), standard deviation (SD) and coefficient of variation (CV) dfeméSpearmanI
correlation coefficients (MCC) of each participant of the MTG and pressure signals, respectively,
70ms and 100mimtervals after impulse. The significance (p) of the unpairex$t or the ManfwWhitney

70msinterval

100msinterval

MTG

pressure

MTG

pressure

Con

AT

Con

AT

Con

AT

Con

AT

0.865+0.09

0.844+0.15

0.940+0.03

0.592+0.24

0.912+0.06

0.885+0.08

0.963+0.01

0.968+0.07

0.288+0.4(

0.842+0.13

0.895+0.03

0.933+0.04

0.469+0.19

0.923+0.07

0.915+0.03

0.954+0.07

-0.125+0.74

0.893+0.08

0.904+0.45

0.907+0.03

-0.137+0.71

0.760+0.11

0.904+0.05

0.943+0.04

0.140+0.7(¢

0.693+0.14

0.948+0.03

0.117+0.67

0.832+0.08

0.923+0.04

0.083+0.59

0.814+0.13

0.843+0.172

0.250+0.43

0.754+0.13

0.929+0.04

0.008+0.57

0.666+0.17

0.864+0.071

-0.074+0.63

0.861+0.13

0.823+0.11

0.457+0.31]

0.828+0.10

0.902+0.07

0.928+0.03

0.567+0.26

0.895+0.07

0.932+0.04

0.985+0.01

0.808+0.11

0.977+0.02

0.968+0.02

0.781+0.10

0.798+0.10

0.955+0.03

0.971+0.01

0.914+0.04

Ol | Nl | W[IN|PF

0.819+0.11

0.889+0.07

0.897+0.08

0.898+0.04

0.887+0.07

0.842+0.11

0.925+0.05

0.896+0.07

[N
o

0.675+0.19

0.744+0.17

0.889+0.071

0.918+0.04

0.719+0.13

0.745%0.17

0.952+0.03

0.918+0.04

<

0.402

0.827

0.939

0.861

0.451 0.845 0.938 0.925

wn
O

0372

0.097

0.048

0.107

0.392 0.073 0.022 0.045

(@)
<

0.926

0.117

0.051

0.124

0.869 0.087 0.023 0.048

p

.006*

0.601

0.011* 0.529

*unpaired ttest with Welckcorrection

MTG = Mechanotendography; AT = patients with Achilles tendinopathy; Con = controls

normal limb biomechanics in minthe position on the
panel was standardized in depth and width. In case the following parameters were considered:
subjects lost balance, struts were readily available so they Correlation coefficient (CC)

could use them for suppoi standing phase of at least
3s before and after impuldead tobe maintained. Five
trials were done consecutively on each side. The side to was performed usinthe statistics packagéBM SPSS
start with was randomized theCongroup. The patients
group (AT) started with the side with les®r no,

complaints. The participants were instructed to stand on

both legs andising theirentire soles during the resting
periods of 30s between the trials.

Data processingnd statistical analysis

Thedataanalysisfocused on the intrapersonal variability
of the oscillations of the MT&Gignals during the 10ths
interval afterimpact Using theDIAdem software,two
intervals were cut from raw data of all signals: a-b@®
interval (fromthestart ofthe pressure impulse) and a-70
msinterval (from 30ms aftethe impulse starting). The
second interval was chosen since the ogicihag in the

first 30ms seem to be rather simiMfithin each interval,

The Spearman rank correlation coefficient was used to
analyze the CC intrapersonallThis statistical analysis

Statstics 25The CC was calculated between two curves.
Since five curves per sensor egidtten CCs resudid for

each sensor. The arithmetic mean (M), standard deviation
(SD) and coefficient of variation (CV) of the ten CCs
were calculated. One averaged CC (MCC) and its CV
resulted per sensor.

Mean distances

The mean distance between each data point of each two
curves was calculated. Since five curves per sensor exist,
ten averaged mean distances resulted. These ten averaged
mean distances wetbennormalized to the maximum
amplitude of the signal and were averaged again. The
resulting one value of normalized eaaged mean
distances (MD) was used for further analy$ise values

of MCC and MD were checked for normal distribution
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Table 2.Displayedare the arithmetic mean and standard deviation of the ten normalized averaged distance
of each participant of the MTG and pressure signals, respectively, of the 70ms andiritedvats after
impulse. The significance (p) of the unpairadgt or he MannWhitneyU-test comparing Con vs. AT i

also displayed.

70msinterval

100msinterval

MTG

pressure

MTG

pressure

Con

AT

Con

AT

Con

AT

Con

AT

0.089+ 0.04

0.158+0.08

0.051+0.03

0.074+0.03

0.077+0.03

0.144+0.07

0.056+0.03

0.090+0.03

0.255+ 0.07

0.133+0.06

0.140+0.06

0.063+0.04

0.243+ 0.04

0.120+0.09

0.130+0.05

0.073+0.04

0.406+0.23

0.095+0.04

0.154+0.07

0.129+0.07

0.411+0.25

0.085+0.04

0.152+0.07

0.121+0.06

0.426+ 0.24

0.193+0.07

0.083+0.05

0.401+0.23

0.174+0.05

0.076 £0.03

0.282+0.18

0.144+0.05

0.064+0.07

0.261+0.15

0.138+0.04

0.061+0.01

0.311+0.13

0.136+0.04

0.035+0.0%

0.309+0.12

0.127+0.03

0.052+0.02

0.187+0.08

0.125+0.03

0.070+0.03

0.102+0.04

0.163+ 0.07

0.118+0.03

0.078+0.02

0.097+0.05

0.118+0.03

0.114+0.06

0.076+0.04

0.049+0.07

0.130+0.03

0.095+0.04

0.084+0.04

0.063+0.02

|| N || W|DN|PF

0.129+ 0.04

0.105+0.03

0.076+0.06

0.044+0.03

0.110+0.03

0.111+0.04

0.070+0.04

0.066 +0.02

0.181+0.06

0.176+0.05

0.069+0.03

0.056+0.03

0.164+ 0.05

0.169+0.05

0.068+0.03

0.073+0.03

10

0.238 0.138 0.091 0.070

SD 0.118 0.031 0.039 0.029

cv 0.495 0.223 0.433 0.407

0.227 0.128 0.091 0.077

0.118 0.029 0.036 0.020

0.521 0.225 0.392 0.263

.026* 0.192

p

0.028* 0.321

*unpaired ttest with Welckcorrection

MTG = Mechanotendography; AT = patients with Achilles tendinopathy; Con = controls

by using aShapireWilk test. The ManiWhitney-U-test

or the ttest for independent samples and ANOVA
(including the factors of: gender, age and BMiwere
performed for group comparisons. If the homogeneity of
variance (Levéne test) was not fulfilled, the Welch
correction was e (pg). The effect size was calculated
by usingPearsois correlatiorcoefficient(r) or by partial
etasquared(n?). The 95%confidenceinterval (Cl) of

Correlation of curves

In both intervals, theMCC of pressurewas similar
between Con and AT (100ms: t(15)}3:645;p = 0.529,
r=0.164; 70msy = 29.00p =0.601), whereas the MCC
of MTG wassignificantly higher in AT (100m«(18) =
3.138;pagi=0.011,r = 0.60; 70ms1(10.172) =-3.434,
Padj = 0.006,r = 0.73). These data are seen in Table 1.

each parameter was calculated. Significance level was set The 95%Cl of MCC of pressure and MT-&ignals for

at o = 0.05.
Results

Curve characteristics

Each five trials of raw data (MTG, pressure) of the 500
msinterval after impact of one control and of the 468
intervals of one AT and one @pare displayed ini§ure

3. In the MTG signal, clear oscillations of high
magnitude with a period duration of ~30msre visible
immediately after impulse. After 100ms, the magnitude
decreasd#, whereas an additional oscillation with
~230ms period appezd

both groupsare shown in Figure 4 The latterwere
disjoint, which reflect high significance, whereas the
Cls of MCC of pressuresignals showd similar
endpoints.

Since AT and Con diffed significantly in age
(t(15)=2.807;p = 0.022), the group differences have to
be questioned. Including only participants betweed@0
years of age (ATn = 6; Con:n = 10; age comparison:
t(12) = 2.033;p = 0.087), tte correlation of the MTG
signals still diffeed significantly (MTG:t(14) = 3.032;
Padj=.013,r = 0.63; pressurd(13) =-0.413;p = 0.686,

r =0.11).The complete mael of multifactorial ANOVA
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[ 7Omsinterval |
A pressure B wmTG C pressure D MTG
1,0 1,0 1,0 1,0,
- I =
£50s 0.6 06 0,6
cE
£ §04 0.4 0,4 0.4
c%"% 0,2 0,2 0,2 0,2
=
2 500 0,0 0,0 0,0
Con AT Con AT Con AT Con AT
[ 70msinterval |
E pressure F w™M1G G pressure H m1G
= 04 04 0,4 0,4
=
=
o 03 0,3 0,3 0,3
502 0,2 0,2 0,2
% — EBe=—=
200 0,0 0,0 0,0
Con AT Con AT Con AT Con AT
Fig 4. 95% confidencentervals of the parameters MCC and MDisplayed are the 95%onfidence intervals of
theintraindividual averaged Spearman rank correlation coefficient (MCC) of the pressure and the
Mechanomyography (MTG) signals of the 7@msrval (A, B and 100msnterval (C, D) comparing
patient with Achilles tendinopathy (AT; n=10; red) and the control group (Con; n=10; green).
Furthermore, the intraindividual normalized mean distances of the curves of pressure arsidials of
the 70mdnterval E, F) and 100manterval (G, H) comparing the AJpatients (AT; red; n=10) and
controls (Con; n=10; green)

regarding the MCC of MT@®vas found to betatistically
significant E(8,11)=6.172,p=0.004,#2 = 0.82,R%orr =
0.69, n = 20). Thereby, the MCC of MTG depesdi
significantly on the diagnosisof Achillodynia
(F(1,11)=29.88, p=0.000, »2=0.731). The gender,
BMI and agewere found to have hado significant
effects p=0.053 — 0.503). Furthermore, thereas a
significart interaction & diagnosis and gender
(F(1,11)=5.749, p=0.035, #2=0.343) as well as of
diagnosis and BMI K(1,11)=7.962,p = 0.017, »* =
0.420).Thereby, the MCC of malegas found to be higher
compared to female (m: 0.860408; f:0.81 £0.05).The
within subject CVs of CC of the A§roup amounted to
11.7 £ 5.6% compared to the controls with 48.8 =
328.2%. The pressure signals skeovsimilar within-
subject CVs for both groups (AT: 4.9 + 3.6%; Con: 3.6 £
1.8%).

Mean distances of curves

The MDs ¢ MTG were significantly higher in Con vs.
AT for both intervals (100mg(10.075) = 2.566paqg; =
0.028,r = 0.629; 70mst(10.231) = 2.604paqj = 0.026,

r =0.631), whereas the MDs g@iressure signals (Table
2) did not differ significantly (100mdJ =21,p = 0.193;
70ms:t(15) = 1.027p = 0.321). The 95% Cls displayed
the higher variance of the MDs concerning the MTG
signals in Con vs. AT group, whereas the MDs of the
pressure signals showed similar 95% Cls (Figure 4).

Discussion

The resultpresentedupport the hypothesis that patients
with AT show changed oscillatory patterns of the
Achilles tendon in the form of a lower variability
compared to controls. Thizwas demonstratethy the
significantly higher correlation and the significantly
lower normalized mean distances of the M3ignals in

the first 100ms after impact during repeated trials in AT
patients. This leads to the assumption that the variability
of tendinous oscillations is reduced in affected tendons.
The withinsubject CV of CGsuppors this assumption
We founda CV of ~50% in controls and ~12% in AT
patients, whereas the CVs of pressure signedse
similar with 4% and 5%, respectively.
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Fig 5. “Clipping-effect”. The mechanotendographic
(MTG) (A) and the pressureBj signals of five
trials of one participant with Achilles
tendinopathyare displayed in the 100ms
intervalsafterimpact In the above displayec
MTG-signals ), the “clipping ’-phenomenon|
is visible.

Methodlogical limitations

The methods of MMG and MTG are commonly applied
in our laboratoy. However,a technical phenomenon
known as theclipping effect(Figure 5). has never
occurred before The curve shape istypical for
biological data. The authors interpret this as a technical
artefact. Impulses with substanlallarge amplitudes
lead likely to a “clipping effect” caused by the amplifier.

In audio signal processing, this phenomenon occurs when
an amplifier is overdriven. The extreme excursions of the
tendon immediately after impact coubé the cause of
overdriving in our experimentsA reduction in gain
would solve this problem.

Despite this, our results are usable groundwork and
sufficient for the pilot nature of the study performé&te
phenomenon should not have influenced the validity of
the resultsHowever the exclusion of those signals lead
to a smaller sample size, which redditlee quality.

In the following contentelated discussionhé results
have to be interpreted with caution due to the pilot
character. Nevertheless, they suggest a redudtion
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variability of the mechanical oscillations of the Achilles
tendon in Achillodynia.

MTG as simple and promising method

Tendons function as a passive strand of connective tissue,
whichis driven by active elemés- the muscles. When
active, muscles tighten the sinew. In this process,
muscles produce stochastically distributed mechanical
oscillations!®!! The oscillations work inan axial
direction along the tendinous thread. However, muscles
alsovibrate laterfly. Consequently, they act as active
oscillators stimulating the passive tendon longitudinally
and laterally. The oscillation®f collaborating muscles
can be synchronized by the neuromuscular systéha
specific feature of the Achilles tendon is ttlate muscle
headsdrive the tendon. It remainsndeterminedhow
exactly these three oscillating actuators cooperate. In any
case, a superpositioning effect on the tendon can be
expected.

With regards to the musekinew system that was the
focus of this papethe triceps surae system is {foaded
isometrically. At this stage, thenpulse was set and
tightered the sinew intensely. The behavior of the
tendinous string during and after tgpactis influenced

by the active drivesnentioned. However, thpassive
mechanical propertiealso play a role The resonance
frequency depends on the tension and length.
Consequently, the tendon works as a bandpass and
certain frequencies are suppraks€&urthermore,the
vibration damping of the surrounding soft tissues has to
be considered. Therefore, it is supposed that the
tendinous oscillations do not simply represent the
muscular vibratias. Ratherthe tendinous behavior is
highly influenced by th tension and oscillations tifie
attached muscles. We suggestthat the tendinous
oscillations may provide insights into neuromuscular
control and prhaps alsprovide further insights into the
pathomechanism of AT. Structural changssch as
thickening oredemas of the tendon are often observed in
AT. In addition, impaired muscle function is likely.
Since all these factors influence the mechanical
properties of the tendon, MTG could be a useful approach
in the diagnosis of AT.

Curve shape

The curve shags ofthe MTG show a rising magnitude
with its maximum after ~1€ns postimpact. This
complies with the increase of pressure impulse.
Therefore, it is interpreted as a result tbe initial
tightening of the tendon caused by the dorsiflexion. The
second, mgative swing is interpreted as counter
movement of the tendon. The impact was standardized;
consequently, all signals show a nearly stereotypical
curve shape in the first 3@s. Afterwards, the tendinous
oscillations seerdto vary in a wide range. Thishpse
might show, how the neuromuscular system manages
perturbation in order toestorebalance. Physiologically,
the impact must have an effect on the muscle spindles due
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to the tightening of the tendon. This might initiate the
short latency refleX® On the assumption that a segmental
stretch reflex is triggered by the impact, tesponse of
the nervous systewan be expected after ~8@s. This is

in agreement with other described electrophysiological
datathat have shown aankle tendon reflex of ~3@ms?®
Other researchers describe longer latencies of the triceps
suraestretch reflexof ~49ms or ~5565 ms?2° Thereby,

the setting included a moveable platform, on which the
subjectsstood. This would rather correspond to the
presented settg. The former nvestigation used a reflex
hammer, which probably cauwbedifferent reflex
latencies. Additionally to the segmental
electrophysiological reply, the musclamost likely
require 20-30ms longer to create the mechanical
answer! This is based on current knaadge 6 reflex
measurements in relaxed muscles. An electromechanical
delay between EMG and MMG of ~11.1 + @5 and a
delay between MMG and force response of ~13.0 %
1.3ms have beerreported? In total, the EMGforce-
delay amounts to ~234 ms?23 Esposio et al. repoed
latencies of 43ns from EMG to force response and only
~3ms delay from EMG to MMG?* Thedifferent results
described could have been due to varigbléingsThere

is only minimal experienceacross the literatureith the
reflex behawr of preactivated muscles, as shown here.
Thereby, the nervous motor pathways must be at a higher
operation levelPriming effects are conceivable. In active
muscles, the response threshold is reduced by Zrte 6
compared to relaxed muscles using cait&timulatior?®
Forgaard et al. postulate that perturbation can trigger a
voluntary response at short latencies lower thani€0

in upper limb< We assume that a voluntary response of
lower limbs might last longer. Nevertheless, it would be
conceivabt that a voluntary response within the first
100ms could influence the presented curve shape. After
100ms, the curg shape begins to return tegular
oscillatory behavior. This is interpreted as a sign of
voluntary neuromuscular control in order teaintain
balance. Forgaard showed that the intention to respond to
perturbations increases the lelogp reflex (M2)%8
Since in the present investigation the participants
maintaired balance after the impaatie suppose that the
M2 could be larger than wibut this taskWe assume
multifactorial causethat would explain the MTG curve
shape after impact. These could range from clearly
mechanical causes, up to supraspinal mechanisms.

Variability as a possible indicatasf neuromuscule
skeletal diseases

The pesented resudt showed that there was
significantly lower variability in AFpatients compared

to controls. This supports the assumption that a certain
percentage of variability seems to be a sign of proper
function. Stam et & detected a within subge
variability of the peako-peakamplitude in EMG of
~18% after reflex stimulus of the soleus tendon in healthy
participantsfor example which highlights the magnitude
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of this variability. The ground reaction force during
human walkingis a frequently sed parameteiStudies
haveindicated that there isa nonpathological within
subject variability of 7% (vertical) and of 20%
(horizontal)?® This supports the assumption some
variability should be present in healthy neuromuscular
systems. Variability may also arise due to side
asymmetry, which has been the focus of other
investigations.It would be expeed that in healthy
subjects a nosignificant sideasymmetry is presenin

a study by Jelen and colleaguég,ablebodied subjects
showed a sidasymmety of 12-16% in gait lines, which
was considered as ngathologicaf® Five patients with
herniated lumbar disc showed a greater asymmetry of
~20-55%. Thisidea has been furthesupportedby the
work of Bittman and cavorkers who usedjaitline-
analyses The authors found thatideasymmetry
increased up to 2B7% in patients with lower limb
complaints®® Thereby, the affected side showed a
reduced variability. These results support the present
study, since the oscillationgere found to b&ess variable

in AT-patients. We consider the variability as an
indicator for the adaptability of the neuromuscular
system. The lower variability in tendinous oscillations
after impact is interpreted as a sigh pathological
behavior. The measurements were performedder
pathological conditiondor the group with AT In a
number of cases, the sinew was thickened or edema was
present in the surrounding connective tissue. As
mentioned above, these alterations of passive structures
might affect the oscillations. Althougih seems to be
unlikely that this would reduce the variability of
oscillations, an influence cannot be ruled out completely.
The mentioned pathological conditions include not only
structural alterations but also nociceptive afferents. This
might affect te motor control. During walking and
standing unilaterally on the forefoot, theorrect
processing of the complex proprioceptive afferents is
essential to keep balance after perturbations. Supposing
that the afferent stream is affected at the spinal |¢vel,
supraspinal nervous system will be restricted in
regulating the postural equilibrium during gait or stance.
According to the Gate Control Theowy certain level of
nociceptive signals could influence the afferent flow of
proprioceptive signal®: Consquently, only a basic
program of motor control would probably be executed,
which could limit the adequate adaptation to
instantaneous requirements. This could lead to
stereotyjcal behavior and a loss of variability. An
impaired adaptability is possiblyharacterized by a
reduction in variability of those nestationary
stochastically distributed oscillationgEventually the
question arises, if the tendinous complaints and
alterations could be caused by the stereotypical
mechanical behavior. It would be mueivable that a
frequently repeated similar strain of the musgeledon
complex during gait could lead to a monotonous stress to
the fibrous tissue. This could possibly entail a structural
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modification of the tendonn conclusion the findingsof

our stuy support previous studies that indicate a lower
variability of neuromuscular parameters in patients with
complaints. It remains unclear, if the changed oscillatory
behavior is caused by the complaints or vice versa.

However, it likely indicates an impaiment of
neuromuscular control, which is necessary to react and
adapt to external forces and might lead to

musculoskeletal complaints. Further investigatiomsld
confirm the results of our pilot study. This would provide
a comprehensivéasis for extensw interpretation and
transmission into practice. Studies should also examine if
the reduced variability is apparent prior to structural
changes or if symptosfiee thickened tendons show
changes in variability. The question of causation remains
unansweredIf the results will be supported by further
studies, the correlation technique of MBignals after
impact could be applicable in diagnosticsf
musculoskeletal pathologies such as Achilles
tendinopathy.
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