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Introduction

QUANTIFIED BIOMECHANICAL
EXAMINATIONS JUST GOT EASIER!

Digital Biometer™

A breakthrough in biomechanical
measurement technology, thBigital
. A 2 Y Sdorsistdcof a durable

FF ABS/ZERO . .
% ol o electronic sensqra reliable

microprocessorand a large LCD

screen housed in an impagtsistant

= and waterproof anodized aluminum
case The large LCD screen ensures

that the accurate and reliablmeasurements areasy to read.

Unlikemany otherheavy and bulkgigital inclinometers, th®igital

. A 2 Y Sig snhlllightweight and easy to handleinfactt & Hé E wHé E
M®o ¢ X (KS 5A thadmaliest digha2inciiontetsideveh a

developed in any industty

¢CKS S5AIAGFEE . A2YSOSNM KIFa (g2 WOILtAONIGA2YC
. {h[!'¢9 %Owhge (G2 SYyKFIyOS YSIadzNBYSyd I OOdz
feature fixes the measurement on the LCD, allowing you to concentrate

on the clinical measurement technique and not on the readout.

This booklet cannot discuss the clinical biomechanical measurement of

every joint range of motion and every osseous segmental relationship in

the human body Each specialty will have iteasirementtechniques

and pertinent texts on the subjeciThe aim of this text is to providhe

clinician with a general overview of tlieatures, function, andbasic

measurementy SG K2 R& Ll2&aaAioftS ¢gAGK GKS S5AIAGEE . A2

Following thef I dzy OK 2 ¥ (i K S, nfady slikidiansghave A 2 Y S (i S Nu
developed their own uniquerotocols forusing thedevice to obtain the

clinical data they require to gain a greater understanding of their

LJ- { A Boyhéchafical form and function.
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SAIAGF £ -FoarysK lieShNibal Data

(With baseand rulerattachment)

= 50,8 . LEGEND

LCD

On/Off

Hold

Abs/Zero

Screw tap

Magnetic base

Rules

Battery compartment
Screw

o
©-
©)

! *The rule on the actual
52 device is 200mm frg and
20mm wide.

152, 4(6")

TECHNICAL DATA

Dimensions: 50.8mmx50.8mm x 25mmZJ"x 2"x 1.3")
Resolution: 1.0°

Accuracy: 1.0°

Repeatability: 1.0°

Measuring Range: 360° (x180°)

Waterproof: IP54

Working Current: <100 A

Power: 3V Lithium Battery (RS2302)

Shut off: Automatic after Bminutes

Base: Magneticfor attachments
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Metal RuleAttachment

Suppliedas stana@rdg A G K G KS 5A 3Amétalrule A 2YSGISNUZ
attachmentaddsa long straight edge tthe base of thalevice. This

extended edge enhances certain measuremeintgarticularstatic
stancemeasurementsand the measurement of the rangef motion of

larger jonts.

C\
A
(0p))

There are two established attachment positions for thetalrule: WSy R Q
FYR WOSYGNI €

End attachment

Central attachment

Base and Ruletfachment

Supplied separately, the Base and Rule Attachreehtances the
functionalityof the Digli I £ . A ® ¥ISvif& M measurement of
spinal ROMs, enhancestiatic stanceneasurements, and biomechanical
x-ray evaluation.
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Base and Rule Attachment

Remove the plastic rule to use tlBasesectionattached to the Digital

. A 2 Y Sah fis\an The curved undersidd the brushed aluminum

orasS aSoOtAazy Ftft2ga GKS 5AIAGEE . A2YS3HSNM
prominences such as the spinous processdbe spine {o assesdack

ranges of motion)the tibial tubercle, etc.

Base

Apply theRule to the Base section to enhance the effectiveness of the
S5AIAGET . A 2anmbnib& WNtinicél Biomiedhgnidal
measurements, especially the frontal plane tibial position and hallux
dorsiflexion; and for biomechanicalray assessment.

Xray assesment usinghe Base and Rule Attachment
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Understanding the ABS/ZERO button

1. Absolute Zero
¢tKS 10a2tdziS %SNR TFdzyOiA2y aOFfAONI(1Saé GKE
supportingsurface for stance measuremerasfollows:

Place the Digital Biometer on tlseirface (e.g., the stance platform)

on which the patientvill stand for the measurements.

Press the ABS/ZERGttons until the ABS icon shows in the top
right-hand corner of the display.

The device is now in ABS (Absolute Zero) mode.

In Absolute Zero mode, hottbwn the ABS/ZERO buttéor more

than 5seconds.

The Digital Biometer display will set to 0°, and all stance positions
(NCSP, RCS#d frontal plane tibial positionsyill referencethe

plane of the supporting surface.

When ABS shows in the top rightcheorner of the display, the

Digita. A2YSGSNU Attt NBFSNBYyOS (KS oaz2ftdzis 1
will not change until the ABS/ZERO button is pressed for longer tha
5-secondsn ABS mode, or the battery is removed.

This feature allowghe clinicianto return to the stance

measurements at anfme during the biomechanical examination
without the need forfurther calibration.

2. Relative Zero

(da™y

¢KS wStliA@S %SNR FdzyOlAazy aOFtAONIGSaé (K
start positions foindividual joint ranges of otion without changing

the Absolute Zero reference planeAs an examplghe measurement

of right knee extension from 9@ described:

Sit the patient with both knees flexed over the edge of toeich.

Stabilize the right thigh against the couch.

PlaceasideSRIS 2F (GKS S5A3IAGarerior A2YSGSNM | I AYyAi
aspect of the shin and short press the ABS/ZERO batioe.

¢KS S5A3IAGHE . A2YSOSNM RA&GLIIFE gAatf asSd G2
the measurement.

Ask the patient to extend the leg at the knee.

At the erd ofthe ROM, press the HOLD button.
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Limited range
of motion of
the knee

@
O

Read the degree of knee extension from the LCD display.

53aLAGS dzaAy3d GKS wStlFdiABS %SNR FdzyOliAz2y>
remembersthe Absolute Zero reference plane.

Shortpress the ABS/ZERO button until ABS shinwe display and

the5 A 3A 0 f isoiceagdniefdraideed to Absolute Zero.

ClinicalBiomechanicalExamination of the
lower-LA YO0 dzaAy3d GKS S5AIAGLEE . A2Y

Introduction

¢ KS 5A3AGL &aneasy® ¥s8, precidian, digdal instrument for
the quantification of joint ranges of motion and osseous segmental
relationships.Consisting of a durable electronic sensor, microprocessor
and liquid crystal displayan Q E  HnépacEresiatanband
waterproof composite case¢he Digital Biometer is the smallest digital
inclinometer ever developed.

¢CKS S5A3IAGET . A 2nM&ieSdimeagi®medtEturdcy K A 3 K
YR NBftAFLOAfTAGE G(GKIFYy SEAAGAY3I WLRAYGESND 3INT

1. Static Stance Masurements

In clinical biomechanics, the static stenmeasurements provideseful
informationon thefrontal plane component of closed kinetic chain
subtalar joint compensation.
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Accurate assessment of the Neutral Calcaneal Stance Position (NCSP)
and the Relaxed Calcaneal Stance Position (RE&Rjesan

appreciation of the degree and type of rearfoot compensation being
demonstrated by the patient. Accurate NCSP and RCSP measurements
are essential when formulating a prescription for a functional foot
orthosis.

An accurate quantification of the frontalane tibial position provides
information on the degree and direction of abnormal frontal plane
extrinsic forceslirectedacross the subtalar jointSubtracting the tibial
componentfrom the NCSRleterminesthe degree of subtalar joint
varus presat.

a. The Neutral Calcaneal Stance Position

TIP: Optimizethe NCSP by attaching the metal rule in the end positi
F FGSNI GKS 5A3FAGHE . A2YSGSNM KI

surface

Ask the patiento walk on the spot and then come to rest in a

O2YF2NI+FoftS a01rGA0 LRaAlGAZ2Y D CKAA LRAAGAZY
stanceQand may vary from the angle and bagegait in that the base of

stanceis oftenwider.

Observeeachposterior aspect of the heeatith the foot slightly
adductedfrom the direct line of visionThis will ensure that the true
posterior surface of the calcaneus, which is deviated medialty the
mid-sagittal plane of the foot, isorrectlyvisualized
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To mark the longitudinal bisection of the heel, place the rule on the
AYFOGAGIGSR 5A3AGEE . ArsridodtBeNm Ay (K
adzLILR2 NI AYy 3 adzNFIF OS 60SKAYR (Ws8a KSSt o
heel verticalNOT neutral positiof. Brihg theedge of the rule up to

the heel and scribe a 2.0cm line onto the middle hied of the

posterior aspect of the heel.

r

S

TIP: Instead of drawing a line, press the edge of the rule against the
heel to produce a triple response line that will remaisible for the

duration of the rearfoot measurements.

Activate K S 5 A 3 A { | Hy preskirgy Yh& QNSbNtiorRestthe
deviceon the supporting surfac@&he stance platformpon either it left
side for left foot measuremestand vice versaPress theABS/ZERO
button for longer than 5secondsand the LCD wiket to 0° (the Digital
Biometem g A £ £ & NB Y Savice platbrrivefeiiekcd plane until
the ABS/ZERO buttonagainpressed for longer than-5econdsand all
stance measurements may be taken without recalibratidteep the
metal rule attached tail K S 5 A 3 A { inthe end @atidni S Nu

f—f‘m>
N <

Q¢ ¢

>

et
[}

Sy N

hNASYGFGS GKS LI GASY( Qyoudpeleriied Ay (2 ySdzii NI L

YSOK2 R 2ittedeptNd thgtd@vesabove and belovthe
lateral malleolugor symmetry palpaing for talar congruency, and
readjustng the positiorof the foot should the patient movwill all help
maintain the NCSP and increase the accuracy of the measurement.

Gripthe Digital Biometer with the thumb placed lightly over thdOLD
button (not shown in the image to allow clear view bg&tactual Digital
CA2YS @B GK 2yS O2NYSNI 2F GKS S5AIAGI T
with the supporting surfaceanglethe straight edge of the metal strip
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parallelthe longitudinal bisection of the calcaneu€oncentrate orthe
correct positioning bthe edge of theule against the calcaneal
bisection and not to the LCD.

When therule parallels the calcaneal bisectigmess the HOLDButton
beforebringngthe deviceaway from the heel tseadthe
measurementwhich will be set othe LCD

b. The Relaxed Calcaneal Stance Position

Tip: The most common rearfoot compensatiseen in clinical practice
is from a inverted NCSP to a vertical RG&&heverted RCSP is
observed check that the bisection of thHeeel ison the true posterior

surfae of the heel (i.e. medially deviated from diregblgsterior) and
that the line of vision is with the heel slightly adductdeiverted RCSP:
are much less common than vertical RCSPs

Ask the patient to relax and the calcaneus redfer invert orevert

from the NCSP. Simplymovetidzft S SR3IS 2F (GKS S5AIAGIE . A2Y
into alignment with thdongitudinal bisection of the posterior surface of

the calcaneusvith the patient in the relaxed stance position. Press the

HOLD button to set the measurememt the LCD.
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c. The Frontal Plane TéddiPosition

Tip: To quickly and accurately mark thengitudinal bisection of the
lower onethird of the leg judge by eyethe appropriate bisection
through the transparent ruler, and thgpush thefree edgeinto the skin
to produce a tripleresponse he that will stayvisible onthe skinfor the
duration of this examination.

Attach themetal rule(shown), or the Base and Rule Attachmanthe

SBAIAGET 2AKSORRMMIF ASydQa F220 YIFAYydlAySR
neutral positionbringthe edge of themetalrule into alignment with

the longitudinal bisection of the lower onrthird of the leg Press the

HOLDbutton to set the degreef the tibial position as either varus or

valgus on the LCD.

N.B.: It is not necessary to reeferencethes A A G £ tothe2 Y S G S NI
supporting surfacegven ifit turns itself offasitg At £ |t 6 @4 AaNBYSYO0SNE
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the AbsoluteZeroposition. With practiceall stance measurements
maybe collected within a single on period

2. Subtalardoint Range ofMotion

The frontal plane componegbf subtalar joint supination and
pronation, i.e, calcaneal inversion and eversionaybe measuredn
both aweightbearingand non-weightbearingposition

TIP: Dueto the effect of body weight increasing the ROM during,gai
more accurateappreciation of theSTJ RON achievedby measuring
the degree of calcaneal inversion and eversion with the patient
standing. Choosinghis method willalsoallow immediate

measurement of the STJ ROM following $t@ic stance
measurementsand withoutthe need to recalibratethe Digital
. A2YSGSNMo

a. Closed Chaisubtalar Joint Range of Motion

You may use either the metal rulghown)or the Base andRule
Attachment for these measurementssk thepatienttod¥? & i | y R
outside of the right foot andip the heelout as farout possible and
YIEAYGFAY (Riktaefeleidthelibia? poshiénbringthe
edge of the ule up tothe longitudinal bisection of the lower orthird
of the right legand press the ZERgitton one short presg the display
sets to 0(This does not affect the ABSOLUTE ZERO position in
memory).
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Secondimmediately align the same edge of the rulih the inverted
longitudinal bisection of theight calcaneusandthen press the HOLD
button. The measureménmepresents the range of calcaneal inversion
(relative to the lower onghird of the leg) with subtalar joint supination
of the right foot.

Ask the patienti 2roll éhe right foot inwardsn the gpposite direction,
asfar as is comfortably possilste¢

TIP: If the patient finds this action difficult tperform, placea wedge
(e.g, a book)beneaththe lateral aspect of the forefoot tmaximally
pronate the subtalar joint maximally. Do not worry about a shift in {

tibial position thisg A f fe-NBF SWBy OS RegersiorS ¥ 2 N
measurement is taken.

Bringthe edge of themetalrule up to thelongitudinal bisectia of the
tibia and reference thipositionby pressing th&Z ERO button once.
Then, algnthe same edge of theule with the bisection ofthe everted
calcaneus and presse HOLbutton to quantify the range of calcaneal
eversionrelative to the legvith subtalar joint pronation.
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b. Open chairsubtalar joint range of motion

Attach the Base and Rule Attachment and activate the Digital

BiomS i S Maithdhe patient ying prone flex theknee to

approximately90° to observehe posterior aspect of the healnd lower

one-third of the leg. Stabilizethe tibia inany comfortable position by

cuppingone hand around the dorsalspect of the forefot. Dorsiflex

the anklejoint to resistanceand then invert the heel by movinghe

foot into a maximally supinated positiorBring the free edge of the rule

into alignment with a bisection of the lower o#ikird of the leg. Press

the ZER®uttontorelS NSy OS (KS WiAOAIfQ LRaAAGAZ2Y D

Ensuring the leg does not mofrem this position bring the same edge
into alignmentwith alongitudinal bisection of the calcaneus. Press the
HOLDbutton to seton the LCDhe measurement o€alcaneal inversion
with subtalar joint supination.
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Movethe calcaneus into a maximally everted positimference the
tibial position andthen measure theange of calcaneal eversion with
subtalar joint pronation in the same manner.

N.B.: Rootet al stated that the averageotal range of frontal plane
calcaneal motion should be approximately’3@ith a twothirds: one
third relationship of inversion to eversionnman deriveca 44° (+ or-
7°) total range of motio® aOal aGSNJ I ANBSR
motion of 3¢, and Baileyt al observed 28with a SD of 7.9using
tomography.

3. Forefoot to Rearfoot Position

TIP: The forefoot to rearfoot positidathe most difficultmeasurement
to take with any measuring devic®ptimize thismeasurement by

attaching themetalrule in the centre position.

Activate the Digital B 2 Y S (il datient prone with theknee
flexed to 90, andthe foot placed intorearfoot neutral withthe
midtarsal joint maximally pronateby applyinga thumb overthe fourth
and fifth metatarsal necksBring either the left or right side of thgox
into alignment with dongitudinal bisection of the heel and press the
ABS/ZERO button.
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Ensure the leg does not movelace the ule across the plantar aspect
of the forefootandpress theHOLDbutton to capture the forefoot to
rearfoot positionon the LCD.

4. FirstMTPJoint Range ofMotion

Attach the Base and Ruler Attachmemtd activatethe Digital

. A 2 Y S A& rhix gatient tadorsiflex the hallux activelyAlign the

free edge of the rule withthesha ¥ G KS ¥ A NEsingavliged I G F NR | f ¢
running from just inferior to the tuberosity of the navicular to the

centre of the first metatesal head.Press the ZERaitton to reference

this position.
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Bring thesamefree edgeof the rule iro alignmentwith the proximal
phalanx of the hallux Press the HOLtton to set the range of hallux
dorsiflexion.

N.B.: For the sake of incesed accuracy, it is important that the patient
does not relax the hallusr move the footbetween setting the
reference position and measuring the range of motion.

The range of hallux plantarflexion may be measured in the same way,
except that the centref the tuberosity of the navicular should be used
as the proximal reference point. This will take into account the elevated
position of the first metatarsal when the hallux is plantarflexed.

5. Ankle Joint Dorsiflexion

a. AnkleJoint rsiflexion with theKnee Etended

With the metal rule position centrally (stwn) or theBase and Rule
Attachment applied, activatthe5 A 3 A (0 | £ . Plac2 tedatiedt ik
a seated positionvith the knee extendedand ask thento actively
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dorsiflex the ankle.Bring therule edge of the unit into alignment with
the lateral aspect of the leg, using a bisection of the lateral malleolus
and the head of the fibal as reference points. Press the ZEBER{on

to references the tibial position.

Bring the same edgato alignment with the lateral aspect of the
rearfoot, using a position 1cm dorsal from the plantar aspect of the
heel, at aposition immediately below the lateral malleolus, as the
proximal reference point, and the inferior aspect of the styloid process
as the distal reference point. Using these reference points eliminates
the possibility of incorporating any sagittal plammedfoot to rearfoot
discrepancy or plantar calcaneal soft tissue distortion that may affect
the accuracy of the measuremen®ress the HOLButton to set the
measurement.

N.B.: To ensure accuracy, it is most important that the patient does not
movethe foot fromitQ@aximally dorsiflexed position between
referencing the position of thkeg and taking the measurement (not
shown in these photos).

Measurements below 100i.e, less than 10of dorsiflexion beyond
90°, are deemed potentially biomechanailly disruptive in certain
circumstances.
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TIP: The range of ankle joint dorsifion should be tested i the knee
extended and flexetb determine any degree of soft tissue limitation

and to isolate the specific superficial posterior muscles that may be
responsible for limiting the range of motion.

N.B.: It is essential that durgthese joint measurements trmubtalar
joint is maintained in a relatively neutrd supinatedposition and that
the foot is not allowed to abduct and evert.

b. AnkleJoint Dorsiflexion with the Knee Flexed

Keeping the patient ia seated positionask themto flex the knee to

90° by placing the posterplantar aspect of the heel in contact with the

couch. ThiswiWFAEQ GKS GAO0AlF Ay | adGlofS LRaAAGAZ2Y
Activate the5 A 3 A (0 | £ anditieaSKitl& Matiertb dorsiflex the

ankle fully, and to maintain the position throughout the measuring

process. Using the same reference points, the rule edge of the unit is

brought into alignment with the lateralspect of the legnd the ZERO

button ISpressed to referencéhe tibia

The same edge is brought into position against the lateral aspect of the
rearfoot and the measwment set by pressing the HObDtton.
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TIP: This measurement can also be taken with thespaitn a prone
position, with the knee flexed to 9@0o bring the tibia into a vertical
position. However, it is much easier for the tibiarniadvertentlymove

during this examination, thereby risking inaccuracy of the
measurement.

A number of differehtechniques exist to take this measurement. The

SAIAGIE . A2YSGSNM 6AGK2dzi héellaadr OKYSy Ga Yl @& &
set to 0° with the foot positioned at 90° to the leg. After the patient has

maximally dorrsiflexed the foot, the degree of AJ dorsifiaxiill show

on the LCD.

Should there be a limitation of ankle joint dorsiflexion with the knee
extended, and an increase in the range of motion whankhee is
flexed, tightness of &trocnemiusnuscleis proven.

6. Ankle Joint Plantarflexion

Lying prone \ith the foot extended beyond the edge of the couch, ask
the patientto activelyplantarflex the foot activelyUsing the rule edge
of the unit, reference thdateral aspect of the leg as described in the
ankle dorsiflexion measurement technique.

Bring he same edge of the unit into alignment with the lateral aspect of
the rearfoot andpress the HOLbButton to setthe measurement of
ankle joint plantarflexion.
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