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EFFECT OF IMMOBILIZATION ON ANKLE DORSIFLEXION STRENGTH

J. F. M. Geboers,? J. H. van Tuijl,* H. A. M. Seelen® and M. R. Drost®

From the 1iRv, Hoensbroek, °SRL/Hoensbroek, *Department of Movement Science, University Maastricht, The Netherlands

This study was performed in order to determine the loss of triceps surae muscle (2, 3). The tendency of muscles to weaken
strength of the dorsiflexors in healthy persons after immo-  during immobilization differs, depending on e.g. muscle type,
bilization of the ankle, and the ability of these muscles to  position and duration of immobilization (4—6). A problem in the
regain strength. First, isometric ankle dorsiflexion strength  evaluation of immobilization effects is that data available on
was measured in 33 healthy male and 39 female subjects in normal torque values of the dorsiflexor muscles vary widely,
age categories 20-40 and 40-80 years, in order to obtain suggesting dependency on protocol. Therefore, the aim of the
reference data and to determine the reproducibility of the  first study was to evaluate our protocol, to determine the
measurement protocol. Gender, age and ankle position had a reproducibility of ankle torque measurements in healthy adults
significant influence on the ankle dorsiflexion torque. and to collect reference data from 72 healthy volunteers. A
Secondly, torque was measured in 15 patients after 46 second aim was to study the loss of strength and the extent of
weeks’ immobilization of the ankle due to a fracture. A28%  spontaneous strength recovery of the dorsiflexors in healthy
decrease in dorsiflexion torque was seen. Strength reduction persons after 4-6 weeks of total immobilization of the ankle in

in neutral position and in 30° plantar flexion was not signi- neutral position, to determine to what extent strength loss of the
ficantly different. Without specific therapy restoration of ankle dorsiflexors occurs in subjects without neurological
torque was almost complete 6 weeks after cast removal. problems. From 15 healthy persons who had had an ankle
Key words:torque measurement, ankle dorsiflexors, immobilized in a plaster cast because of a fracture of the lower
immobilization. leg, the level of torque reduction immediately after cast removal
Scand J Rehab Med 2000; 32: 6671 and torque restoration 6 weeks afterwards were assessed. This
was done in aDand 30 ankle angle in order to detect a possible
Correspondence address: J. F. M. Geboers, iRv, difference in strength reduction due to the position of
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MATERIALS AND METHODS

INTRODUCTION Subjects
First a reference study was performed to assess the reproducibility of the
In patients with a paresis of the dorsiflexors an ankle footresults measured with the described protocol and to gather reference

orthosis (AFO) is often prescribed to correct the resulting footVvalues. In the reference study, 72 healthy volunteers were included. The
group consisted of 33 men and 39 women recruited from staff and

drop and restore walking ability. In clinical practice, tWO heaithy visitors of the rehabilitation clinic. Each subject met the
opposing opinions as to the effects of AFO use on the remainindollowing criteria: age between 18 and 80 years, no incidence of
strength and possible restoration of strength exist. One states thigcture, trauma or contractures of the lower limbs and no history of

AFO b | . f IKi imul | musculoskeletal, reumatological, neurological or orthopaedic problems
use, by early restoration of walking, stimulates musclej, he |ower extremities that would reduce maximum voluntary

synergetic activity and thereby prevents further loss of musclecontraction (MVC).

function. The other opinion is that AFO use impedes ankle, !N the immobilisation study, 15 persons who had had an ankle
. . . immobilized in a weight-bearing cast below the knee following a lower
movement, causing disuse and, by taking over the anl(lefeg fracture, participated. The mean duration of ankle immobilization
dorsiflexion function, reduces the existing dorsiflexor musclewas 40 (SD = 8) days. The first measurement took place on average 31
activity. Further weakening of the ankle dorsiflexors and a(SD =13) hours after removal of the cast, the second measurement 43

. . (SD = 3) days later. They all met the following criteria: aged between 18
poorer restoration of strength over time would be the result. Th,q gg years, immobilization of the ankle in neutral position during 4-6

clinical relevance of this dilemma is determined by the weeks; immobilisation due to a lower leg fracture treated without

susceptibility of the dorsiflexors to immobilization atrophy in internal fixation around the ankle; capable of performing measurements
LIf i bilization d ianifi without risk of re-injury after cast removal; capable of holding the footin
general. If immobilization does not cause significant strengthge and 30 plantar flexion unaided; no ankle complaints or ankle

reduction, AFO use can theoretically not be harmful. The effectdractures in the past year other than the present pathology and no
of immobilization on muscle strength have been predominantlyadditiona| history of musculoskeletal, reumatological, neurological or

. . . . e L orthopaedic problems regarding the leg.
described in animal studies (1). Immobilization studies invol- ~ 1o demographic data of both groups are given in Table .

ving human subjects focused mainly on the quadriceps and/or Patients were recruited from regional hospitals. The study was
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Tablel. Group compositionin referencestudyand immobilizationstudy(meanand SD)

Gender Category(years) n Age (years) Height(m) Weight (kg)
Referencestudy
Male 20-49 20 34.8(8.8) 1.83(7.2) 80.1(10.4)
50-80 13 66.6(6.8) 1.77(5.6) 87.1(13.4)
Female 20-49 25 32.4(7.8) 1.68(5.6) 66.1(11.1)
50-80 14 61.0(5.2) 1.62(5.2) 70.2(21.9)
Immobilization study
Male 6 33.0(11.1) 1.83(14.0) 90.5(28.7)
Female 9 45.7(8.1) 1.65(6.4) 79.4(10.2)

approvedby the local medical ethical committee.All patientssigned
informed consentbeforeenteringthe study.

Testprocedure

In both studiesthe sametest protocol was used.Isometrt torquewas
measuredvhile thesubjectwasin asupinepositionwith thehipsslightly
flexedandthe kneejoint anglein neutral(=0°) position.The upperand
lowerleg werefixedto theexaminatiom tablewith two velcrostrapsThe
foot was positionedagainsta small horizonglly placedplastic beam
(17 x 2 cm) coveredwith foamrubber,spanninghe wholewidth of the
foot atthelevel of thefirst metatarsephalangeajoint (MTP 1). Thefoot
was not supportedbelow the heel,in orderto preventany heel force
exertinga momentaroundthe ankle (Fig. 1).

A Tedea-Huntighmodel601load cell wasusedto measurgorque.
Thecentreof thebeamwasin alignmentwith the centreof theloadcell
throughthe useof an U-shapedigid light weighthook (Fig. 1).

Calibration of the dynamomaetr was performedunder static condi-
tions with a known weight after eachcompletesessionBody weight,
heightandfoot sizewereregistere, andleg dominancevasdetermined
by askingparticipantsvhichlegtheypreferredor kicking aball. After 5
minuteswarmingup on a hometrainer,patientsandcontrolsweregiven
standardizedrerbalinstructionto pull the foot againstthe beamwith a
maximum effort for 5 second. No verbal encouragemeénwas given.
Visual feedbackwasgivenon therelative strengthof the contractionby
ananaloguegauge Subjectgepeatedhe contractiongentimeswith 30
secondsnterval to preventfatigue. Measuremersttook placein 0° and
30° plantarflexion of the anklein bothlegswith a 5 minutespausein
betweenThe sequencef measurmentswasrandomlyassignedAfter

Fig. 1. Isometricdorsiflexortorquemeasuremenyith the anklein
neutralposition(0°). The plasticheamat thelevel of the metatarso-
phalangeajoints is connectedby a U-shapedhookto a load cell.

completingten repetitionsin one position the distancesbetweenthe
contactareaof thedynamomegr with MTP1andtheline connectig the
apicesof the lateraland medial malleolus representindhe position of
the ankle flexion axis, were measured(7). Data acquisition was
performedusing a 12 bit DT2824 PGL A/D converterboard (Data
Translation Inc. Marlboro, Mass.) and MUCAPS software (Multi

ChannelAcquisitionand Processingystem,iRv, Neth.)with a sample
frequencyof 500Hz anda sampletime of 10 seconds.

Data analysis

Strength data were analysedoff-line using the MATLAB software
package(The Math Works, Natick, Mass.). A 1 secondsustaired

maximumforce effort wascalculatedfrom the load cell signalfor each
trial for eachsubjectusingawindowingtechniqueln orderto determine
the net musclestrengthit is necessaryo incorporatethe effect of the

weight of the foot (8). The weight of the foot relative to the total body
weight is estimatedat 1.4% (9). This processresultedin ten values,
correctedfor gravity, for each position for each subject. The three
highestvaluesfor eachpositionwere selectedandthe averageof these
three valueswas usedas the maximum value for the subjectin that
position (10). This procedurewas performedon both referenceand
patients data. For each of the four experimentalconditiors of the

referencegroup a within subject coefficient of variation (CV) was
calculated The CV wascalculatedby dividing the standardieviationof

thethreemaximain eachblock by their meanvalue.Meansandstandard
deviations were calculated for the maxima of all subjects. Since
parametricstatistics criteria were met, possibleinfluencesin results
causedy gender(M/F), age(20-49/®-80),ankleangle(0°/30°) or leg

dominance (L/R) in the reference group were each tested using
MANOVA and paired t-tests with a p-value< 0.05 as limit for

significance Sincethe numberof participantswas relatively small for

theimmobilization grouppossibledifferencesn torquebetweerthetwo

measuremdrsessionsi.e. immedately after castremovaland 6 weeks
later, were analysedusing the Wilcoxon signedrankstest. A similar

procedurewvasperformedfor the torqueproductionin the two different
ankle anglesin the latter group. Torque reductionin Table IV is

expressedn absolutevalues(N) and relative (%) to the value of the
healthyside in the secondmeasuremen All statisticalanalyseswere
performedby meansof SPSSsoftware(SPSSnc., Chicago,lll.).

RESULTS

Referencestudy

Referencevalues of the group of 72 healthy volunteersare
presentedn Table Il. Gender,age and ankle position had a
significantinfluenceon the torqueproduced(p-valuesbetween
0.000and 0.021). Neither left or right side nor presumedeg
dominanceshoweda significantrelation to torque production.
Therefore henceforththe averageof both torquevaluesis used
asreferencevalue.
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Tablell. Referencevaluesfor dorsiflexormusclestrength(mean(SD))

Resultsof torque measuremes of 72 healthyvolunteersof the ankle dorsiflexormusclesin 0° and 30° plantarflexion of the ankle. Significant
differenceswerefound betweerthe two ankleangles the youngandthe old groupandmaleandfemales(p < 0.05).No significantdifferencesvere

found betweenrleft or right leg.

Torque(Nm)

Angle n Gender Age (years) Right ankle Left ankle Both ankles

0° 20 Male 20-49 40.9(7.4) 42.8(7.8) 41.8(7.0)
13 50-80 26.4(11.7) 28.0(12.4) 27.2(11.3)
25 Female 20-49 31.5(6.6) 31.0(5.9) 31.2(5.9)
14 50-80 22.7(8.0) 21.9(6.8) 22.3(7.2)

30° 20 Male 20-49 54.4(9.5) 54.5(10.6) 54.4(9.5)
13 50-80 45.1(13.4) 44.4(10.8) 44.8(11.7)
25 Female 20-49 39.5(6.7) 38.2(6.3) 38.9(6.4)
14 50-80 32.8(8.7) 31.4(8.7) 32.1(8.6)

Tablelll. Coefficientsof variation (CV) (%) of healthysubjects

The maximumtorquein eachposition is measurd by averagig the
three highestvaluesout of ten attempts.The variation betweenthese
valuesare expresseas coefficiens of variation.

Ankle position Minimum Maximum Mean(SD)
0° right 0.3 18.2 4.8(3.7)
0° left 0.2 18.4 4.5(3.8)
30° right 0.2 16.5 4.1(4.0)
30° left 0.3 14.6 3.2(2.7)

Reproducibility

The CVs of the healthysubjectsrangefrom 0.2%to 18.4%.In
generalthelowestCVs resultfrom measurements 30° (Table
IIl). The meanCV of all measurementa/as4.2% (SD=3.6).
Only 7.6% of all within subjectCV’s exceeded. 0%.

Immobilizationstudy

Resultsof thetorquemeasurementsf the patientsaredisplayed
in Table IV. All patients completedthe measurementsNo
complicationsor newinjury occurred.The meantorquesof the
non-injuredeg of thepatientTablelV) werein thesamerange
as the referencevalues of the healthy population (Table II).

Immediatelyafter removal of the plastercastthe meantorque
valuesin both positions(0° and 30°) were significantly lower
(p < 0.001) comparedto the non-injuredside in measurement
two (TablelV), 24% and31%, respectively.

Therewas a non-significantslight differencein the relative
amountof torquepreservationin 0° and30°, i.e. 76%and69%,
respectivelyln both positionsthe strengthof the dorsiflexorsof
the injured leg increasedsignificantly during the 6 weeksafter
castremoval (p=0.003 in 0° position and p=0.002 in 30°
position). After 6 weeksthe strengthof the dorsiflexorsof the
injured leg did not differ significantly from the strengthin the
non-injuredleg.

DISCUSSION

Referencevalues

Thefirst questionof this studywasto gatherreferencedataand
determinethe reproducibility of ankle torque measurements
healthy adults. The absolutevaluescollectedin this reference
grouparein agreemenwith mostotherstudies(TableV). Only
Sepicetal. (11) foundhighertorquevalues.Furthermorejn the
referencegroup we found torque values measuredin a 0°
positionto be significantly lower than torque valuesin a 30°

TablelV. Relativeandabsolutenean(SD)dorsiflexortorquein boththeinjured andnon-injuredlegin patients(n = 15)following a periodof
ankleimmobilisation,immediatelyafter castremoval(measurement) and 6 weekdater (measuremer).

Therelativestrengthin thistableis expressedsa percentagef the strengthof the healthysideof measuremerttvo. Therewasno significant
differencebetweenthe torquevaluesof the healthysidein measurementneor two andbetweerthe amountof torquereductionin the two

ankle positionsin measurement.

Measurement Measuremen?
Injuredleg Non-injuredleg Injuredleg Non-injuredleg
0° Strength(Nm) 24.6(11.9)* 36.6(16.2) 33.3(16.6) 33.7(12.5)
Relativestrength(%) 76 (32)* 108(22) 98 (29) 100
30°  Strength(Nm) 29.7(16.3)* 43.9(16.5) 41.9(19.8) 43.5(15.6)
Relativestrength(%) 69 (27)* 101(17) 94 (20) 100

* Significart values,p < 0.001.
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Torquein Nm (meanand SD)

Author Gender  Ankle angle0® Ankle angle30° Age (years) n Kneeangle
Marshetal. (13) M 46.5* 47* 19-37 25 90, seated
Sepicetal. (11) M 79.3(15.4)** 32.0(2.6) 10  90°, seated
M 75.6(13.9)** 56.5(3.2) 10
F 44.7(8.5)** 29.1(3.2) 10
F 47.3(11.1)* 54.8(4.0) 10
Vandervoortet al. (35) M 43.5(6.5) 20-32 11 90°, seated
M 37.2(4.3) 40-52 10
M 36.2(7.6) 60-69 13
M 31.6(8.6) 70-79 16
M 24.2(7.0) 80-100 13
F 26.6(4.5) 20-32 11
F 25.8(6.3) 40-52 10
F 23.8(3.1) 60-69 10
F 21.5(3.9) 70-79 16
F 16.7(4.9) 80-100 13
VanderLindenet al. (14) M 45.1(5.9) 45.2(5.7) 21-35 20 90, prone
Vandervoortet al. (36) M 42.9 55-60 20  0° prone
M 43.1 61-65 18
M 38.8 66-70 18
M 36.9 71-75 20
M 30.8 76-80 18
M 28.7 81-85 17
F 27.0 55-60 16
F 23.6 61-65 17
F 23.6 66-70 17
F 22.6 71-75 18
F 194 76-80 17
F 19.0 81-85 18
Van Schaiketal. (12) M 38* 52* 20-40 15  90°, seated
M 32* 43* 60-80 15
F 22* 36* 20-40 15
F 18* 30* 60-80 15
Hicks etal. (37) M 48.1(12.10)# 60-70 25 90, seated
M 47.1(7.6)# 70-80 19
F 29.6(7.0)# 60-70 28
F 26.7(5.9)# 70-80 37
Thelenet al. (38) M 43 (8)# 19-29 12 0° supine
M 37 (5)# 65-86 12
F 28 (4)# 19-29 12
F 22 (3)# 65-86 12

* Extrapohtedfrom graph;** Valuesdivided by tento convertfrom kgcmto Nm; #=20° ankleangle;$=10° ankleangle;M = male; F = female.

plantarposition.Theseresultsarein agreemenvith thosefound
by vanSchaiketal. (12). However,Marshetal. (13) andVander
Lindenetal. (14) reportednearlyidenticaltorquevaluesin both
ankle positions. Theseconflicting resultsare probably due to
differencesin measuremenprotocols. This stresseshe im-
portanceof collectingreferencevaluesif a differentprotocolor
setup is used.

Thereferencevaluesshowedsignificantdifferencesn torque
production betweenyoung and old participantsas well as
betweenmales and females.No significant differenceswere
found betweenthe left and right leg or in relation to leg
dominance.Theseresults are in agreementwith most other
studiesasshownin TableV.

Evaluationof the protocol

The protocolresultedn reproduciblevalueswith ameanCV of
4.2% (SD=3.6). During this study all subjectswere askedto

completeten contractionsn eachposition. Whenselectingthe
three highest contraction values to calculate the maximum
torquewe foundthatin mostcaseghey were producedduring
thefirstfive efforts. Thusit seemghe 30 secondsestin between
did not preventfatigue.Therefore the protocolcanbeimproved
by usingfive contractionsn eachpositionandalongerpausan

between.

Torquereductionafter immobilization

The secondjuestionwe posedwasto whatextentdoesstrength
lossof theankledorsiflexorsoccurafter 4—6weeksimmobiliza-
tion of the lower leg in subjectawithout neurologicalproblems.
This information would give us insightin the susceptibilityof
this specific musclegroup to immobilisation atrophy. Torque
reductionafter immobilization is mainly dueto fibre atrophy,
and reducedelectromechanicaéfficiency (2, 15,16). The hu-
man tibialis anterior muscle predominantlyconsistsof type 1
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fibres (17,18). Animal models show a larger sensitivity to

strengthloss after immobilization in musclespredominantly
consistingof type | fibres. The phasicactivity of the tibialis

anteriormuscleon the otherhand,might protectagainstserious
torquereduction(4). In the presentstudy the averageloss of

strengthwas 28%, irrespectiveof sex, ageor leg dominance.
Becauseall patientswere able to perform the contractions
without serioudiscomfort thelowertorquevaluesmmediately
after castremovalcould not be explainedby pain or fear. The
values of the presentstudy correspondwith those found by

Tropp & Norlin (19) in isokinetic torque measurementafter
castbearing Otherstudieq(2, 20—23)concerninchumanmuscle
responséo immobilisationreporttorquereductionrangingfrom

59% in the quadricepsmuscle (22) to only 8% in the ankle
dorsiflexors(20). Thereare howeverlarge differencesbetween
the results of these studies, probably due to differencesin

measuremerprotocolsor subjectsAn explanatiorfor thelarger
amountof torquereductionfoundin our studyandthatof Tropp
& Norlin (19) is the fact they both measuregatients All other
reported studies dealt with healthy (mostly young, male)
volunteers. Possibly those healthy subjectsinvoluntary per-
formedisometriccontractionsn the cast,of which Rozieretal.

(24) demonstratedhe positive effect for the quadriceps,in

contrastto the patients with a fracture who will possibly
minimize muscleactivity aroundthe ankle dueto pain or fear.

The sameexplanationcould be applied to explain the lesser
torquereductionin bedreststudies.Comparedwith the above-
mentionedresults of torque reductionin different muscles,a

declinein torqueof 28% putsthe dorsiflexorsof thefoot high on

the rank of musclessusceptibldor disuse.

Ankle joint positionduring immobilization

A third questionposedwas whethera differencein strength
reductionof the dorsiflexorsmeasuredn a 0° and 30° ankle
angle could be found immediatelyafter castremoval. Theore-
tically, the optimum length of the tibialis anterior muscleto

generatgorqueis betweenl(® and30° plantarflexion (13,25).

The maximumof this force-lengthrelationshipcanshift dueto

morphological changes.In the plaster cast the ankle was
immobilised in a neutral position, which meansa shortened
positionfor thedorsiflexormusclesBecause musclewill adapt
its numberof sarcomere$o a shortenedosition (6, 26,27) we

expecteda declinein torqueproduction(28-31),which would

correspondo a shift of the force-lengthcurveto the left. We

expectedhereforein the first measuremenb find the strength
lossto bemorepronouncedn the 30° position.However torque
reductionin 0° immediatelyaftercastremovaland6 weekslater

was not significantly different from that in plantar flexion.

Tissuechangeghat might have occurreddue to the shortened
immobilisationof thetibialis anteriormuscleseemto affectthe

torqueproductionequallyin both positions.

Restorationof torque production

The lastquestionwasto whatextentdoesspontaneoustrength
recovery take place during the 6 weeks after cast removal?
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Spontaneousecoveryof function after resumingactivities is
oftenreported Booth (32) andBooth & Seider(33) describech
full restoratiorof torqueandfibre compositionafter120daysin
ratsthathadbeenimmobilizedfor 90 days.Witzmannetal. (34)
founda completerecoveryfrom 6 weeksimmobilizationin rats
after 4 weeks.Jaweedet al. (23) reportedfull restorationof
strengthand fibre compositionin humangastrocnemius-soleus
musclein 28 daysaftera 30 daysimmobilizationperiod.In our
studyno significantdifferencein torquebetweertheinjuredand
non-injuredleg wasfound 6 weeksafter castremoval.

CONCLUSION

Humandorsiflexormusclef theanklearehighly susceptibleo
strengthloss,i.e. 28%in 40 (SD = 8) daysof immobilization of
the anklein a weight-bearingplastercast.Immobilization with
theanklein aneutralpositiondoesnotseento affecttheoptimal
lengthof this musclegroupto produceforce. After castremoval
full recoverytakesplace within a period of 6 weekswithout
specifictherapy Giventheabove-mentionetbrquereductionin
healthy subjects,for the group of peopleusingan AFO after
neurologicaldamageof the peroneahnervethereseemso be a
serious risk of further strength loss due to the (partial)
immobilization of the ankle. However, whethertheseresults
arealsoapplicableto pareticmuscleswill be subjectto further
study.
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