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1. ABSTRACT 

Most awhors recommenù drawing the mechanical mi!'> on a thlL'l'-fllnt (l)() cm) full 

leg length x-ray for li, 'urate aS!-lc~~ment or kncc alignl11cnt. rllll't' fool \-I.\V~ ~\Il' 

difficult to perform and reproduce and involve unduc radiation ln thl' gOl1ad~. l'Ill' 

purpose of this project is to propose a new raùiographie ledllllljlll' whclehy thl' 

mechanical axi~ of the knee can he asscs!-Icd on li !-Ihort AfP x-ray 01 thL' L'llIilC tihla 

Methodology: 

21 normal adults and 25 patienb with malaligned \...nec~ \Vcre il1w~tigaled III the 

following manner - the patient wa~ x-rayed in ~tanding PO~llI()11 with thl' kg~ 

positioned exactly parallel to one another and vertical 10 Ihe Ilolll. lJlillcr the~l' 

circumstances, the anklc!-I were apart by a di!-ltancc (di~tallcc F,) equallo the di~tanl'è 

between the [cOlorai hcad~ (di~tance F). The mcchanical axc~ wcre hClln' palallt'l 

to one another and parallel te the long axi~ of the x-ray ca!-l~ettc and vcrtical 10 Ihe 

f1oor. Two seJJarate x-ray~ were taken, a three-foot (90cl11) long x-ray and cl ~h()rt x

ray of the entire tibia. The mechanical (L\i~ wa~ dctcrmillcd on the !JO cm, IIHce-loot 

long x-ray. 

A vertical line drawn on the short x-ray ~tarting from the centre 01 tllc é1nklc :Ind 

extended upwards and parallel 10 the long aXIs of the x-ray ca~~cttc COLI Id acclIrately 

identify the mechanical axis of the knee u~ing either tcchnique. (I·Îg. J) 

The technique has been called the "Parallcl Mechanical J\xc~ X-ray TcchIlHllIe". Il 

has been validated and it will be demon~tratcd that ~uch an x-ray tcChlllqllC: 

• Standardizes positioning of the lower extremiticl.,. 

• Is a precbe, ea~i1y controllable mcthod to a"l.,c~~ kncc al iglll11ent. 

• A short x-ray of the entire tibia il., ~ufficient, thu~ rcduclT1g the co,>, 01 x-ray'> 

by 50%. 
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Obviates the need to vi"uali7e the pelv! ... thll~ millillll/lllg Ill'! l.ldlallOIl 

exposure. 

May be lIsed in clinics and ~l11allcr ho~pitab, ... inœ il reqllill'~ ~ill1pll' :lml 

inexpensive x-ray facilitie~ . 
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I~ESUME 

J A.t plupart tic ... aLltelJr~ recommandent i'utilbation de longue~ cassette~ afin de 

rnc ... lIrcr avec pllJ~ de précbion l'axe mécanique des genoux. Cependant ce~ 

radiographie ... ~onl exigente~ pour Je personnel, difficilement reproductihles et 

cxp()~cnt Jc patient il de~ radiation~ indue~. Le but de cette étude était de mettre au 

pOIll! L1ne technique radiologique fiable a l'aide d'une petite cas~ette de face. 

McthodolOI,:Î(' 

2 J adLJltc~ normaux ont été comparé~ à 25 patient~ avec anomalies d'axe du genou. 

1 ,c ... radi()graphic~ ont été pri~e~ en pmition dehout, alors que les membres inférieurs 

étalcnt en po~ition ~lrictement parallèlles à l'axe longitudinal de la ca~sette (et en 

même tel11p~ verticalc~ au wl). Deux casettes radiographie~ wnt employée~ prises: 

une dt 3 pied (90c01) de longueur aimi qu'une courte vue du tibia entier. 

1 :axe mécanique e~t déterminé sur la radiographie de 90 cm (longue cassette de 3 

pieds). 

Une ligne verticale traver~ant le centre de id cheville et parallèle à l'axe longitudinal 

de la pet ite ca~sette peut reproduira l',Lxe mécanique du genou aussi précisément sur 

la 'ourte ca~~ettc que su la longue cas~ette (Fig. 1). 

Cette h:chnique a été nommée le "Parallel Mechanical Axe~ X-rays Technique"; il 

a éte démolltré que cette technique: 

• e~t ulle méthode précbe et facilement controlable pour évaluer l'alignement 

du genou. 

• néce~~;tc ~eulell1ent une radiographie du tibia. 

• 
• 

minimise l'expo~ition à la radiation. 

peut ètre utilisée dans les centres hospitaliers moin~ favorisés car les petite 

radiographie ~ont plus simples a faire et main chers. 
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Figure 2 

• 
"Bes" - Dwarf-God of Ancient Egypt 

• Figure 3 
"The Strapped Croockcd Trec" 
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Il. HISTORICAL BACKGROUND 

MlI<,culo..,kc)ctal ucformitie~ arc a~ olu a~ mankinu. The hone~ of ancient man 

providc a ri ch varicty of these dborders that we now recognize a~ either congenital 

or acquircù; for tholl~ands of ycar~ the~e deformitie~ were a source of ~lIper~titi()ns 

anù myth~. The ancientE!:''Yptian ... picturcd thcir cvil god Bes a~ a ~tllnted midget 

with ~horl Icg~ and genu vara (Fig. 2). 

ln ) 741, N icola~ Andry, the father of modern ()rthopaedic~) introuuced the term 

"Orthopacdia", dcrivcu t'rom the Greek, 10 ~lIgge~t a straight, or undeformed chilu. 

The al t or prcvcnting and correcting deformitie~ have ~incc adopted the picture of 

a '\trappcd crookcd trcc" to ~ymh(lli.lc orthopaedic~ (Fig. 3). The introduction of 

diagll()~tic x-ray~ hy Roentgen in 11'95 and of general anae~the~ia hy Long in 1842, 

market! the end ()f 1 he "Strap & Buckle" pel iod and the beginning of "orthopaedic 

()peration~". Orthopacdic ~llfgeon<" now, correct joint deformities and replace 

di~ca~ed jomb. For preci~e joint dcformity correction and/or joint replacement, 

~tandardil'cd, precise x-ray techniques are es~ential to m~e~s and rnea!-.ure these 

dcformitie~. 

The purpo~e of this invc!\tigation was to review the x-ray techniques already in use 

10 as~c~~ knee dcformitie~ and tn propose a new one . 
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III. INTRODUCTION 

The role of malalignment in the pathogclll'~b and l11unagcllH:llt 01 n,tCU;!1 tll! Ill" (lI 

the knee is now t1ndi~puted. 

Roger Gariepy of Montreal wa" thc fir~t to deseribc tlle Illgh rd)I;l1 ():-.kotol1lv lor 

treatment of genu varum. 11
,12 Thi~ wa~ laler popularill'd by CnVl'llt 1 y" il' .lll 

establisheù trcalment for lIfl1col11partl11clltal ()~tc()althritl~ 01 till' klll'l'. III 1()Cl.\ 

Maquet
34

,35 nroposed that Icg malalignmcllt wa~ the "maill" cau .... e III o..,tl'oal 1111 iti.., 

of the knee. 

A new dimension was added to the b~llC of lower limh aligl1lllcllt \Vith thl' 

intmdllction of total knee arthropla~ty npcratiom: correct P()~t -ope 1 at ive al IgllllIl' Il t 

is now acknowledged a~ "prohably the i11fl'lt important ~illglc: factor il! total L.:~ .. \.: 

replac\!mcnt" (Aplcy 19X4)28. It becamc ohvioll~ thut \Hl'cbe prc-opcrativl' and po..,t

operative a~ses~ment of kncc alignmcnt wa~ mandatory for Ihl' long-Iellll .... I!l'l'l·.., .... of 

Total Knee Replacement. 3,8,18,31,36,39,43 

Much ha~ been written about alignmcnt of thc lowcr lil1lh and ahout Ihe I}l(:t"od~ 10 

measure it.2,7, 9,10,17,20,39,44,46,47,48,49 Clinical as~c~ .... mcnt of knec aligl1llle III wa, the 

~ubject of a the~is at the Univer,lo.ity of Nottingham, England in )<)X02? '/ hl.., Ihe ... it-. 1" 

a parallel effort to inve~tigate the radiological a~~c~sll1cnt (JI kl1cc al1gl1l11clIl. 
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A. Definitions 

L. Alil:nment 

As defined by the Oxford Engli~h Dictionary, alignmcnt b "Ail arrangcl1ll'llt, III a 

straight line, of three or more points." 

2. Lower Limb Alienment 

When applied to the \ower lirnb, the thrce point~ lI~cd to a~~c~!-. it~ aliglllllcllt arc; the 

centres of the hip, the knee and the ankle. When a normal per~ol1 i ... vicwed l'rom 

the front, the se three anatomical point~ ~hollid fDrm ill li .,traight li/lc (hg 4) . 

During this inve~tigation,lower Iirnn alignmcnt i~ only con~idercd in the frontal planL' 

(Le. A/P) . 
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3. Lower limb axc~: (A~ drawn on radiograph~ of the lower limb) (Fig. 5) 

a. The Mechanical Axis 

* 

The mechanical axi~ is a straight line joining the centre of the hip to the 

centre of the ankle; in normal individuals, that line pa~ses through the centre 

of the kncc*. 

lIack and Allen 14 (19HI) rcviewed 149 normal three-foot x-rays and reported 

that the mcchanical axis normally passes through the medial tibial spi ne; 

Denham 28 (19H4) con~idered the middle one third of the tibial plateau as the 

acceptable range of the normal mechanical axis. 

Implication!l of the mechanical axi~ of the knee: 

The lTI<,chanieal axb, a~ drawn on a three-foot, full leg length x-ray is a 

reliahle x-ray technique to measure knee alignment pre-and post-operatively 

(Denham 19H4).28 

Inthc l.'j)cdal and monopedal ~tance position, the mechanical axis represents 

the line of weight hearing through the knee (Maquet35 1976, Laskin28 1984). 

ln the dynamÎc gait ~ituation, however, contrary to Maquet's views, the 

mechanical axi~ ho. not the line of weight bearing. Gait analysis using Force

Platform I11ca~lIrel11cl1b have indicated that load tran!lmission is in faet slightly 

medial to the centre of the knee. (Johnson & Waugh 198025
) In both 

in!ltancc~, howevcr, the normal mechanical axis is within the middle third of 

the tibial plateau. 

With slight variations, ail points are within the middle third of the tibial 

plateau.47•28 
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TRANSVEflSE AXIS 

(1101 ilOntal i\r.i~) 
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Figure 5 - Lower Limh Axc~ 
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b. Anatomical Axis of the Knee (Ti bio-Femoral angle) 

c. 

* 

Thi" axi~ i~ determined on an AIP x-ray by drawing twa straight lines dawn 

the centre of the ~haft~ of the femur and the tibia. The angle formed by the 

two inter~ecting line~ i" callcd the tibio-femoral angle and corresponds to the 

anatomical axi" of the knee. Controver~y persi~ts on what is a normal 

anatomical axb "incc a wide range ha~ been reported indeed, it i~ difficult to 

l11ea~L1re (c/inically or radiologically) the tibio-femoral angle with absolute 

accuracy (Waugh 19H54
\ Hungerford et al 198i7 stated that the normal 

tibio-femoral angle varie~ (from 7° 10 11°, with an average of 9°) with the 

patient\ ~ex, build and height - the angle heing greater in short, ~tocky 

patient~ with widc pelve~. Mo~t author~ now agrec that 7° of valgus is the 

average "normal" t ihio-femoral angle and that the "normal" mechanical axb 

pa~~e!\ through the centre* of the knee (Waugh 198547
) • 

The VerticafAxis: (tine of hody weight) 

The vertical axis is the plumh line of body weight (starting from the centre of 

gravit y of the body). The vertical axis always remains vertical to the ground, 

even when the centre of gravit y is ~hifted ~ideways, i.e. when walking or in the 

ll1ollopcdal ~tanc('. (Fig. 6) 

ln the hipcdal stance, the vertical axis is always in the mid-line (Fig.7). Note, 

howevcr, that the relationship between the mechanical axes changes 

dcpending on the di~tance hetween the ankles . 

i.e. within the middle third of the tibial plateau. 
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Figure 7 - Bipcdal .stancc 
(a) - normal bipellal 
stance 
(b) - bipcdal stance with 
parallel Illcchallical axcs 

C: center of gravit y of 
the body 

V: vertical axis 

[\1: mcchanical axis 
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Figui C Cl - l\ tOl1opcdal slanl.'C 

C: l'ciller of glavÎty of thl" 
body 

V: vertical axis 

M: Illcchallical axis 

AI-A: ahductor IlllJscular stay 
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d. The Horizontal or Transverse Axis: (Knee joint line) (Fig. 5) 

Thi~ i~ the ww, of knee flexion and extension. Normally, thi~ iine i~ 

horizontal, i.c. parallel 10 the ground (Hungerford 198217
), hence, the 

importance of horizontal implantation of the components of a total knee 

arthropla~ty . 
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B. Malalignment of the knee: 

The po~ition of the knee joint in relation to the hip and al1h.1e I.l'. it~ aligl1llll'llt. 

should be mechanically important. The knce joint i~ l1o("l11ally ~lIhjl'l'tl'd to 

considerahle ~ide to side stress hecall~e of Ît~ ullstahlc bOlly de~ign a~ weil a~ Il''1 lad, 

of anchorage as exist~ in the hip 10 the pelvb or the ankle~ 10 thl' glOllnd. 

Knee stability is constantly challcngcd hy body wcight a~ it change~ ih Iclaliol1:.hlp 

to the knee during walking or running. The challenge tn thc "nec iI1crl'a~l'~ and 

becomes excessive in the pre~ence of knec malalignmel1t. 

1. Malali~nment of the knee in the coronal phme: (A/P view) (FIg. X) 

a. Normal alignment: The knce is aligned with the hip and :ln"lc whl'Il the 

mechanical axi~ falb through the centrc of the knee. 

b. Abnormal alignrnent: (1) Valgus knee: Thc knec thcll lie~ "Medial" ln thL' !tip 

and ankle, and the mechanical axi~ i!'llaterallo thc kllcc centre. i.e. a "ValglJ~" 

malalignment. (2) Varus knee: The kncc Î!'I "Iateral" to the hlp and <lnlle and 

the mecitanical axÎ~ is medial to the knec centre i.e. varu" malaliglJlllt·111. 

2. Malalignrnent of the knee in the sUl:ittal plane: (Iatc.:ral view) 

Similarly, when the stalic knee i~ in maximal cxtcn~iOll and i" viewed l'rom Ihe 

side, there arc two po~~ibilitie~: 

a. Normal alignment: When the knee i!'l in lille with Ihe 1111' alld the 

ankle, the mechanical axis pa~!'Ie~ through the ccntrc of aIl tlnce. 

(Fig. 9) 
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MaJaIiglllllcnt of the knee in the coronal plane 
M: Mechanical axis 
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Sagittal rnalalignrnent: (1) Recurvatum: The kllCC lie!'. p()~tcrior 10 

the hip and ankle and the mechanical 'L\b lie!'. in front of thc !..IIl'l" i,l', 

knee recurvatum. (2) Flexion: The knee lic~ alltcl ior to thl' plane of 

the hip and ankle anù the mechanical a~i!'. pa~~c~ bt.'hind thl' h.I1Cl'. i.l'. 

Flexion Contracture. (Fig. 10) 
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Figure 9 

Normal alignmcnt in the 
~agittal plane 

Figure 10 
'-
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~lalalignl11ent of the knee in the sagittal plane 
i\1: i\lechanical ~L'ds 
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c. Biomechanics of the knce: 

The knees are part of a complex mll~cllioskeictai ~ystcl11 whicll t'Ilahk., man to 

ambulate with maximal efficiency and minimal cncrgy c~pellllltllre. Although a 

detailed analY!lis of the biomechanics of the "-nec b heyolld the ~WpL' of tll\:-' WOI k. 

a brief review of the force~ acting abolll the "-nee I~ germanl' tn the tOpll' of 

radiological a~sessment of knee alignmcnt. 

1. Knee biomechanics ;n the standin(: position: 

a. Bipedal !;tance - standing on hoth t'cct 

During bipedal stance, that part of body wcight which i:-'l'f'w/IIwllo thl' "-JlCC~ 

l' ~venly ~\.Ipporteù by both kncc:-.: cach kncc :-.upport:-. ai'ProxilJwtely 4Y;i, of 

total boùy weight.35 This mas~ i~ concentratco in tire hody\ ccntlc 01 gravit y 

which lies in the region of the third lumhar vcrtchra. (Braulle & Joï~chcl 

1900)35 

(1) In the coronal plane: 

The pelvi~ act~ as a tran~ver~e bcam and tran:-'Illih the load cqually 

along the mechanical axi~ of 1'>oth Icg~. (Fig. Il) 'l'III.., load. ill Imn, 1.., 

shared equally hctwcen the lateral and mcdial CO/Tlpartlllcllt., 01 tIlt 

knee. (John~on & Waugh 191,m25
) 



• 

• 

• 

v 
-_-!--_ .... 

1 
1 
1 
1 

Figure 11 
Loau distribution in hipeual stance 

V: vertical axis 
M: Illcchanical axis 
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In the sagittal plane: 

'hen the knee~ are l'ully extcndcd in the !llpedal .,t.tnn.'. \.',Idt Il'g 

!. pport~ along ib mcchanical md~, 4.1% of the total !loll) \\'I.'lgh\. 'l'Ill' 

l). 1er forces, i.e. mll~clliar contractiol1~ 10 m<lllltaill the !..Ill'\.''' III tlll' 

locked po~ition, arc negligiblc (Maquct p, 197h) 3') 

b. Monopedal stance - standing on one foot 

The load applied on thc wcight bcaring Icg cquab hody wcight 11111111" the 

weight of the loaded Icg from the kncc downwarlb: i.c. 93' 'fi (II hody wClght. 

In this position, the centre of gravit y of t hc body ma~~ (CIlH \I\o!ll'da 1) i .... 

slightly lateral to the original centre of gravit y (Braullc & FI~L'hcl Il)()()).~" 

( 1) ln the coron al plane: (Fig. 12) 

Since the vertical axi~ (hcncc, hody \Vci~'ht) i .... mcdial 10 tll\.' loadl'd 

knee, this force (V) i~ cOllnter-halanccd by the hip ahdllcto' .... 'l', 1 Ill' 

pelvic deltoid (gluteus mcdius, rninimll!'., a ...... i~lcd hy Ihl' tcn .... ol lacia 

lata and i1io-tihial tract) to act a~ a ~lay (1\,-1\) thal plcvenl tilting 01 

the pelvis. The re~lIl tant load h, trall~/ll i tted tn 1 hl' k Il Cl' via 1 he 

mechanical axb of thc Iimh (M) (Duparc & Ma ....... ;lIc 1 <)(l7'}, Maqllel 

197635
). 

(2) In the sagittal plane: 

A slightly flexed lima i~ lJ~lJally c(}n~idcrcd for Ihe "elJelll:rllc ;1I1:dY"'I" 

in the ~agittal plane (Maquet 197(35
). 

According to Maquet, equilihriurn in the ~aglttal plane i" lire re"lrll 01 

~everal force~ aclÎng on the hip, knee and anklc. (hg n) 

a) Ankle joint: Anklc cJor~iflexion created hy body weiglrt (V) , ... 
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Figure 12 
Moonpedal stance 

C: center of gravit y of the body 

V: vertical axis 

M: mechanical axis 

A(A: abductor muscular stay 
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counterbalanced hy the calf mll~cles (Mt), \Vith the 1~~ltltal1t forù.' (R 1) 

passing through the centre of the ankle joint. (Fig. 13a) 

b) Hip joint: The forward pelvic flexion forcl' crl'atrd hy hody \wight 

(V) is counter-halanct.::d hy the haJll-;trillg'" (Mi), \Vith thl' IC~lIltal1t 

force (R2) passing downwards through the ccntre of thl' hip jOIl1t. (Fig 

13b) 

c) Kneejoint: i) The force (R2) from the hip which pa~~c~ h~hilld thl' 

knee, and the action of ga~tronemii (Mg) will tcnd to lle,x thl' "nec 

joint. (re!lultant force R3, fig. Uc) 

ii) Knee flexion is cOllnter-balanced by th~ qll:'l(.Iric~p~ l1lu~dc a<:ting 

through the Patellar tendon (Pa), with a r~~lIltallt lorel' (R4) Icading 

to compre~sion of the tibio-femoral articulatioll. (Fig. 1 Jd) 

iii) The magnitude of antero-pŒtcrior comprc~..,i\lll or the patdla 

against the femur (RS) depend~ on qlJadriccp~ nul' .. c1c actiolJ (pa) alld 

the te mile force of the patellar tendon. Force R5 challge~ with the 

degree of knee flexion. (Fig. 14) 

In the fully extended normal knee, R4 and R5 practically cca~e to exi..,t. Balance i~ 

then maintained by the stretching of the pmterior cap~lIle, 1ll1l .. c1e tOile and the 

screw-home mechanism of the knee a~ the hody weight then falb through the centre 

of the knee. 

r. Bipedal versus monopedal stam'c in the alignment of the kncc 

In a normal, stable knee, there i.., no apprcciahlc change in the po..,ltioll of the 

mechanical axis or in the tibio-femoral angle, whcn comparing the lIloJlopctlal 

and the bipedal ~tance. Howevcr, when there i~ joint m..,tability, ..,econuary to 

bone Joss or Jigamentou~ Jengthening or hoth, the po..,ition of the abnormal 
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Figure 13 

Drawings inspired from Maquet, p.30 
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Figure 14 
Patello-Femoral Comprc~~ion (RJ 
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mcchanical <Jxb b di~placcd further during monopedal weight bearing. (Fig 

15) During the monopedal ~tance, the load i" further increa~ed by the weight 

of the un/oaded limb* and by the body weight lever arm due to the lateral 

~hift of centre ()f gravity. 

For the~c rca<.,on<." monopcdal radiologie a~~e~~ment of knee alignment is 

more revcaling and I~ often favoured by c1iniciaŒ,9,17,35 although it is 

admittedly more difficlIlt to pc. ~orm particularly by patients with painful 

kr.ec~ Thu!-" the main advantage of the monopedal ~tance is that it mimics 

the gait !'>ituation (Duparc & Ma!'>~are 19679, Insall., Personal Commun., 

Maquet 197635, lIullgerford I9Hi7) 

Kncc biomcchanics in motion: 

Normal gait i~ the re~lIlt of a complex interaction of forces of body weight, 

11111~c1c contraction~ and Iigamentou~ tension that aet on different regions of 

the body to produce moment~ of acceleration or deceleration. Thb complex 

operation I~ ma~tcrmindcd by the hrain to produce a smooth, coordinated 

pattern of ambulation that insure~ maximum efficlency and optimum energy 

cxpenditllre. For examplc, an average adllit walb at a cadence of 

approximately 90-120 ~tcp~/minlltt" with an average energy co~t of 100 

calories per mile (1.7 km). (S. Hoppenfeld, 197816
) 

Brallnc W. & Fbcher 0.35 in 1900, puhlbhed the first truly scientific analysis 

of hlll11an gait. They divided the waiking cycle into 31 pha~es and precisely 

dc!'>cribcd the thrcc dil11en~ional location of the centre of gravit y and the 

magllltllde of the ma~~ of body wcight in each pha~e (Fig 16). 

93C:f of the h\)(.ly weight as opposed to 43% for each knee in the bipedal 

stance (Braunc & Fischcr35
) • 
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BIPEDAL MONOPEDAL 
WEIGHTBEARING 

Figure 15 

Bipedal vs. Monopcdal stance 
Note increased stress and changing tihio-fcmoral angle 

with monopcdal ~tancc 
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Pha,>c~ of f!:lIl x Y -
~ 

1 lR 53 - 0 R(j 95 12 

2 lIt! w) - () X9 %32 

l ~I 25 -- 01\4 97.50 

1\ 5740 -077 9R 2R 
Cj 61 Sil -- () 71 9R 47 

(, ()<) 5R - () (,5 <JR.07 

7 75 St! -- () ~6 97 12 

Il XI 92 -- 0 '13 95 R5 

9 XX 24 -- 0 25 94.93 

10 9457 ,- 001\ 94.25 

" J 2 1 (JI) 1 (, -() 17 94.36 

J1 III 2() , 021 9476 

111 11759 -1 () 47 95/,2 

t'i t 24 10 1- () 59 9697 

J(i 1)9 RI 1 () 59 9797 

1 7 Il(i 1 () -1- 0 54 91\ 5X 

IX 14192 -1042 91\ 53 

19 l,IX IJ ~ () 34 9795 

20 t 5·1 19 -1020 %.99 

21 1(i()21 1- () 04 95.95 

22 IM4:1 -- (127 95 IH 
)J 172 RII -0.71 9461 

2<1 
25 1 ~2 () 1 - () 56 9456 

2() 1 X!) 21 -0.82 9496 

n 195 X5 -- 1 (U 9563 

~H 202 49 III %.6R 

2<> ~()R ·10 -- 1 n(j 97 (,0 

JO 21,11,1 --094 91\.21\ 

JI no 02 -0 R3 9832 

- -- ----- _. - --~ --------------------

Figure 16 
Three-Dimensional Coordinates of Center of Gravit y 

derivcd from Maquet, P:~ 



• 

• 

• 

17 

In 1976, Maquet35 u~ed thcir data to calclliatc the forccs al'ting abolit thc 

knee in each of these .31 pha~es. 

Baseù on the three dimen~ional location of the centre of gravit y, Maquct \\'a~ 

able to calculate the dbtance (the lever arm) betwccn Ihe linc of hody \wight 

"Y" (the vertical axi~) and a pre~lImcd point Ihat lic!'l in the I,:entre 01 a:..i!'l of 

knee flexion (knee centre). Knowing the magnitude of the hody wcight. Ill' 

was able tn ca1culate the momentUI11 of thc forcc!'l of illcltia and thcir 

direction. He med the mOllopedal ~tancc a~ an examplc 1'01 hi:-. caklliation~ 

and was able to demonstrate that the vector of force!'l act throllgh the normal 

mechanical <Lxis "M" and that deviation of thc l11cchanical axi:-. 10 olle or the 

other side of the joint (i.e. valgll~ or varll~ deformlly) re~lIlted ill excc"'~IVl' 

load bearing on one compartment and the likelihood of l'ventual ()~teoal thrlti~ 

of that knee compartment (i.e. lateral or mcdial).35 

In 1980, John~on & Wallgh25 lI~ed a gait analy~l~ lahoratory l() calculaLe lo;uJ.., 

acting abOlit the knee and concllldetl that Maqllet'~ analy~i~ of f()fcc!-' wa~ ollly 

applicable in the ~tatic monopcdal "ituatioll. Their lorce-plalform 

measurement~, tlone uuring the stance pha~c of walklng, indkatcd that thc 

forces' veetor was in t'aet medial to the kncc and thal in a /1011l1al hnec, thc 

load was predominantly in Ihe metlial compartmcnt. WhC/1 tlte k/lcc had a 

varu~ deformity the Inad on the medial plateau rapidly approachcd 100 

percent of the total load on the joint. In the pre~cJlcc 01 mild valgu~ 

deformities, the load remained more medial in 70% of ca"c~; thc load wa" 

shiftetl to the lateral compartment in valgu!'! dcforfl1itic~ of fIlorc thall 20° 

beyond the normal anatomical axi~, Similar re~lIlh were rc.;porled III aflother 

gait analy~i!, ~tutll6. 
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n. Pertinence of Knee Malalignment in Osteoartl1ritis and 
Arthroplasty of the Knee: 

Normal knec alignment em,urc~ efficient ambulation with physiologicalloading of the 

knee. The role of malalignment in the pathogenesis of hip osteoarthritis had already 

heell accepted wh en Malkin proposed proximal femoral osteotomy for osteoarthritis 

of the hip in 193633. Pallwel~38 pioneer work on the biomechanics of the hip inspired 

()thcr~ (Maquct p.35, Denham & Bi~hop8) tn look for similar explanations for the 

()~tcoarthritic knce. In the pre~encc of knee malalignment, the increased load on one 

CO/llpartmcnt of the knee, e.g. medial compartment in varu~ deformity, will result in 

()vcru~c of thal comparlmcnt. The net re~ult of these excessive forces is 

deterioration of articular cartilage and eventually osteoarthritis (Denham & Bishop 

The load increa~e i~ directly proportional to the severity of the 

malaligllJncnt, hencc, the importance of proper realignment following lower limb 

fracturc~ to avoi<J knee osteoarthriti~ and correct alignment of total knee 

rcplaccl11cl1t~ to avoid bter deterioration. 

l'Ill' incidence nf poor results in early total knee arthroplasties was such that many 

~lI~pcctcd that total knee replacement was bound to fail if the patient lived long 

enough (G. Apley28, Preface to "Replacement of the Knee" 1(84). Numerou~ studies 

later l'Ollfirmcd that gond alignl11cnt of the pro~thesis was the most important factor 

in the ~uccc~~ of the arthropla~ty (Lotke & Ecker 197731 , Denham & Bi~hop 19788, 

Coventry 1 ()797
, Bargren et al 1 <)H32

, Boegard et al 1(843
). The ideal total knee 
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replacement must he weil aligned \Vith li normal tihlO-f\?llloral angle 01 7" J_ J" 01 

valgus (depending on the body hahitus 17) and a mcchanical a.,b whidl pa~~\?!'1 thr ough 

the middle third of the knee as weil H!I a joint linc that i" hori/ol1tal (i.t:. th\? 

transverse or horizontal i.Lxi~ of the kncc pro~thc~i~ i~ paralkl to tlle groulld \"hell 

weight bearing). 
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I~. Mcthods of Asscssment of Knee Alignment: 

Knee alignmcnt i~ ll~lIalJy a~~es~ed c1inically and radiologically. Most x-ray 

techlllqlle~ werc de~igncd 10 mca~L1re the tibio-femoral angle in the coronal plane. 

More rcccnlly, llleac.,lIrcmenl of the mechanical axis has proven to be of greater 

value, ~incc a~ long a~ the mechanical axi~ b normal, the exact degree of the tibio

fcrnoral angle i~ le~~ important. 

1. Clinical assc~smcnt: 

Cioniollleter ... were lI~ed tn assc~s the tibio-femoral angle of patients in the ~upine 

po~iti()l1. Thi~ Illcthod of a~~e~~ment wa~ lIn!>ati~factory since the measured angle 

incvitahly varicd to the nearest 5° (Waugh W. 198547
) and the arms of the 

goniolllcicr wcrc lIsually 100 ~hort to be accu rate. for t:.:tt reason, Lawrence in 

19B029
, suggestctl the u~e of ~pecial, long goniometers with extendable arms; the 

proximal end wa~ placed over the anterior ~uperior iliac ~pine, it~ centre over the 

~ncc Cl'ntre and the di~tal end was over the centre of the ankle. This method was 

rcproducihlc and accurate to the neare~t JO. 

Whcn pcrforming total knce arthroplasty, intra-operative measurement of tibio

fcmmal angle and of mechanical 'Lxis using jigs and alignment rods is now 

routine 17,50. 



• 

• 

• 

2. 

Zl 

Radiolo&:ic assessment: 

The radiologie teehniqlle~ to a~~e~s knee aligl1l11cnt have ehangcd and l"\'()lv~'d 

eonsiderahly over the years. 

a. Supine, short knee x-rays (only showing the "-ncc): 

SlIch x-rays are inadeqllate to a~~e~~ knee alignml..~nl ~illce lhey (},~jy ~h(l\v the 

ends of tibia and femllr making the identification 01 the analf)ll1Ïl"al ;\\1', (lI t Ill' 

tibia and femur impo~~ihlc. Furthcrmore, nOI1 wcight hc.trln/!, provllk.., Itttlc 

intOï!!1ation regarding ~tability. (Leach 19703°) 

Patients who are lInahle to ~tand becamc of ~cvcrc kncc palfl ..,I!ollid hl' 

assessed by supine valgu~ and varus ~tre~~ x-ray~. (Gih~oJ1, (j()odfc Ilow 1 9X() 13) 

b. Standing (weight bearing), short kncc x-rays: 

The value of weight hearing x-ray~ wa~ fir"t rl'portet! hy 1 :uropeall allll!or" 

(Maquet 196334, Alhbaek 196X44
). Maquct in 1%~34 "taled thal "ol1ly a 

radiologie examination of the IOdded kncc ~h()w" a l)Jctme deN' 10 1 he 

conditions of gait, when the ~tre~~ b maximum". Furt!Jcrrnon:, wcight hcarlllg 

x-rays demon~trate narrowing of the affectcd compartmcnt (in addition to a 

varu!! or valgu~ deformity) which may not he ohviou" on non welght-hearing 
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ln conclu~ion, ~hort x-ray~ ~howiJlg only the knee~ render meu~urement of 

tibio-fcrnoral angulation inaccurate, and are inadequate for pre-operative 

planni ng a~ weIl a~ for po~t-operative asse~~rnent of o~teotomies and total 

knee arthropla~tie~ (Hungerford 19~Q'7, Denham 1(848
). 

c. StantHng (wcight bcuring), long x-rays: (Hip-Knee-Ankle x-ruy~) 

( 1 ) 

I .. ong x-ray~ or antcrio-po~terior x-rays of the whole leg (hip-knee-ankle) have 

bccn prcfcrrcd to dcmon~trate the mechanical axis of the lower lirnb and to 

mca~urc thc lihio-fclllorai angle following total knec replacement (Coventry 

197()7. In~a" ct al 19H1 2o
, Hungerford ct al 198217, Denharn 19788

, 198428). 

NUIllCroW, lcci1niqllc~ have bccn descrihed: 

J. Duparc & C'. Ma~~arc 19679: "Panonography" 

'1'0 our knowlcdgc. thc~e tluthors werc the first to describe in oetail a 

technique to ,-ray the entire leg. Three 36 x 43 cm cassettes were mounted 

olle on top (lI' the other in the apparutlls - "The Punonographe" - then, 3 

cxpmurcs of l1ip. kncc and anklc were taken respectively at a tube-to-ca!l!lette 

di!'.tancc of '~meters. Positioning of the cassettes wa~ accu rate and a single 

x-ray of the! entire \ower extremily in the standing p()~ition was thus obtained . 
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(2) W. Waugh et al 19H025
: 

A scanogram of the paticnt in the bipedal ~tal1l'C wa" lakl'Il \\ Ill! 111"( 11Iflllll1" 

to put as much weighl as pm~iblc 011 Ihe affcrled kg: lhl' c.I""cllc \\ a" yi \ 

90 cm and tlle tube-tü-film dbtancc wa~ ~o cm, 

(3) Ranawat et al 19R242: 

(4) 

The authors lI~ed a ~ingle 3S x 90 cm ca~~etlc al a IXO cm luhe-tll-lilllI 

distance, to obtain a long "hip-knee-anklc" vicw, No furlltl'f lk~CI iptloll \\1 Ihl' 

technique wa~ mentioned. 

Denham R.A.: 

Denham R.A. is an advocate of long x-ray~ or what he rail., a "I.cg i\/Igllllll'Ill" 

x-ray, He ha~ described two diffcrent tcchniqllc~: 

a) Denham R.A, 19H010
: Radiologie examinallo/l ollhc "'lice, III the hook 

Arthritis of the KI/ee: 

• Cassette and frame: a JO x 112 cm film put III a IO/lg C:,""l'ttC wlth 

~creen~ of graded intcmity. Thc ca~.,cttc i., /1IOU Illed III Cl veille:" 1 rallie 

hehind the patient. 

• Tuhe-to-film di~tancc: 3 /llcter., 

• P{)~itioning: the patient ~toou up with cqllal wClght 011 cacll kg '1 he 

knee" !oIhould pre~cnt a trllc AIl' vicw anù ..,h()l/Id Ilot IHe.,.., agaill\t 

each other. A handrail at che ... t Icvel may he u .... ed lm ... tahillly. X-ray 
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tuhe WU'I centcreu at knee level. 

h) Dcnham R.A. 19H428
; in the book Replacement oftlze Knee described 

U ~imilar technique with the following differences. 

• Ca!'l~ettc: four camex f!lm~ loaded exactly with their edges touching 

into a 35 x 109 cm ca~~ette. 

• Tube-to-film distance: 180 cm 

(5) Bocgard ct al 19R43
: 

'1'0 a~ ... c~~ thcir rC!'ll1lt~ following 74 "Attenborough" total knee arthroplasties, 

whole limb radiograph were Laken at a tube-to-film distance of two meters 

with the patient !'Itanding on the examined leg (monopedal stance); no further 

tcchnical dctails wcre givcn. 

(6) La~kin R.S. 198428
: 

An AIl' vicw of the weight hearing lower limh taken at 180 cm tube-ta-film 

di~tance with an average expo~ure of 60MAS-76KV. 

(7) Cook et al 19864
: 

The authors have introduced an x-ray frame, fitted with radio-opaque markers 

for the lmvcr extremity. in order to standardize their x-ray~. The data were 

procc~~ed in a desk-top computer. 
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Difficulties with lon(: ICi: x-rays: 

Long, full length x-rays are difficult 10 ol'Hain, interpn.'t and ~tOle. "In ~pitl' 

of the numerom techniques that wcre dcscrihed to ohtain a hip-kl1l'l'-ankk 

radiograph, considerable logistical and tcchnical plOhlclm Pll'dlldl' thclr 

routine use" (1 nsall 1. 19~H 20). 

a. Difficulties in performing the x-rays: 

(1) Short of using a computcrizcd x-ray framc 3/
, and with the exception of 

Duparc & Ma~sare 1967, no other author, to our kllowlcdgc, gave 

sufficient technieal details to reproducc thcir technique reliahly. ;\~ a 

result, patient positioning and x-r'ly technique vary c()ll~iderahly and 

the variable x-ray images preclude valid coll1pari~()I1~ hetween 

succe~slve x-rays. 

(2) The lower extremitJe~ of tall patient;; arc lI~ually longer than the 

available three-foot (90 cm) ca~~ette and the L1~C ()f two :-'t:paratc film.., 

adds further inaecur:.tC)' tn the as:-.e~~ment. 

(3) The; procedure i~ time consuming, implic", Jwcdk~~ and ..,olllctillle.., 

multiple x-ray expo~ure of the pelvi~ that har\)our:-. )h(YrJ 01 the hody'.., 

total red bone marrow,41 Thi~ b of major conccrn c~pccially in young 

patient with added risk of tumour induction or gcnctic mutatlon.57 
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Jr therc i~ a flexion contracture of the knee, any degree of rotation of 

the limb will changc the x-ray image of the tibio-femoral angle. 

b. J)ifficultics with cquipments and cost: 

( 1) 'fluce-foot (90 cm) film~ require a ~peciall()ng x-ray cassette, long x

ray film and viewing box. The cost may be prohibitive for sm aller 

h()~pitab ami private c1inics in developed countries and expecially for 

the t hird world . 

(2) Storage and filing of three foot (90cm) film~ can he problematic 

(scrratcd, bending x-ray~ are nowavailable). 

c. Difficultics in intcrpretation: 

UnIc~~ the phy~ician i~ in attcndance while the x-ray is taken, he is never 

certain that proper weight bearing x-rays in a true AIP position have been 

takcll. Furthcrmore, the hip, knees and ankles are rarely equally in focus and 

thc x-ray image is un~atisfact()ry . 
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Objective of the new technique: 

The reasom, for undertakin.!:; this invc~tigatiol1 \Vere rdated tn th<..' l11an)' 

difficulties related to long x-ray~. Wc thcreforc ~talllhirdi/ed the radiologie..' 

assessment of the knee alignment using a ~h()rt x-ray fibl1 ill~lead of a lhrl'l'

foot (90 cm) long x-ray. 

The key to thi!, technique is that the patient ~tal1lb with the <..'C111re~ or hr~/hl'r 

ankles apart by a di~tance (F,) that i~ cqual 10 the di~tal1ce hctweel1 the 

centres of his/her hip~, i.e. di~tance F. Under thc~c <:ircum ,tal1ce~, the 

mechanical axes are parallel to the long axi~ of the ca~~ettc and ver tical to the 

ground. X-rays taken in thi~ position have bcen called The "Parallel 

Mechanical Axe~ X-ray!!". (Fig. 17) 
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The merit of this technique i!l that it l11inimize~ the tcd111ical val iahle~ and 

permits reliahle determinatioll of the I11cchanical a,\.i~ on a ~tandard ~-ray of 

the entire tibia. The AIP Vicw of the tibial plateau i~ ~uhdividl'd into thl Cl' 

zones; when the mechanical axb pa~!lc!l through the Illllldlc thlld 01 the tihial 

plateau, it is considered a~ normal anù the knec i~ thu:-. wcll aliglll'd (Waugh 

198547
). (Fig. 18) 
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Figure 18 

Normal Alignment: 
the mcchanical axis passes through the 

middle third of the tibial piateaJ 
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IV. MATERIAL AND METHODS 

Twenty-one normal individuals and t\VeIlty-five paticnt~ \Vith malaligl1l'd "J1l'l'~ 

fulfilled the following criteria. 

(1) AIl patients measured le~s th an 175 cm. in hcight. Taller people lI~lIally have 

lower extremities that are longer than the thrcc-foo( (l)() cm) x-r,ly ca ...... ctlc. 

(2) Patients with hip or ankle pathology were cxc\uded . 

• The control group wa~ made up of H female~ amI 13 l1lalc~; Ihelr agc~ rélllgcd 

from 18 to 68 year!o. with a mean age of JS ycar~,. 

• The patient group had the following kncc palhology: 1 H patlcnt,> with 

osteoarthritis, 6 patients with Rheumati>id Arthriti!'., and one paticllt wlth 

psoriatic arthritis. 

Malalignment of the knee wa~ cIinically a.,~c~~cd with a goniolllctcr alld 

ranged from 1 (Jo of varu!I to 30° of valgu!I. 

There were 15 female!l and 10 male~, thcir agc!l rangcd 1 rom 34 10 HO ycar!l 

with a me an age of 52 years . 
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A. Mcthodology: 

1. In~trumcnts: 

a) Ca,,~ettc & Film~: 

(1) One 35 x 90 cm (14" x 36") ca~sette is fitted with Dupont gradient 

~crccn (High speed for pelvi~ - low ~peed dbtally) - Film: 35 x 90 cm 

Kodak XRP - and per forated to fold up to 35 x 30 cm size. 

(2) Two 35 x 43 cm (14" x 17") cassettes with 3S x 43 cm Agfa !o.cepix RPI 

film!o. . 

h) Frame: (Fig. 19) 

An adju~tahle wall hllCky i!o. fixed to the wall sn that the transverse edge of the 

ca~~ette i~ combtently horizontal and parallel to the ground, while the long 

cdge i!o. vertical and perpendicular to the ground. 

c) Radio-opaque plumh line: (Fig. 19) 

A I~O cm aluminum rod b vertically mOllnted in the middle of the cassette. 

li) A Metal Caliher (hy Meleo) (Fig. 20) 

c) A 45 cm plcxiglass mler inlaid with radio-opaque measurements (hy Picker) 
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Figure 19 

• 
3 foot long cassette in x-ray frame 

Note radio opaque plumb line in the midline 
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2. Tcchniguc: 

a) The patient wa., po~itioned ~o that the di~tance between the centre~ of the 

anklc~ (Ac) cquab the di~tance between the centres of the hip~ i.e. the centres 

of the fcmoral hcad~ (He); patient po~itioning three ~teps: 

Stcp 1: Radiographie mea~urcment of the distance between the centre~ of the 

hip joint~ (11c). (i.e. di!\tance F) 

Di!\tancc F wa~ mea~ured on an AIP x-ray of the pelvis taken at a 

tuhe to ca~~ette di~tancc of 180 cm (72") to minimize magnification -

a plexigla~~ ruler wa~ taped transversely on the ca~sette. (Fig. 21 ",:-,) 

Stcp 2: The patient wa~ positioned so that the distance between the centres 

of the ankle~ (Ac) (i.e. distance F,) was equal to the distance between the 

ccntre~ of the hip~ (Hc) (i.e. distance F). 

Rationalc: The centre of the Ankle (Ac) is midway between the 

lateral and medial malleoli. (Ma = distance between medial and 

lateral rnalleoli of the ~ame ankle). In order ta position the centres 

of the ankles at the desired distance F" the outer surfaces of bath 

lateral rnalleoli should be placed apart by a distance F + Ma (see 

math formula in Fig. 23). 

Technique: The patient stood facing the x-ray tube . 
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Figure 20 

Adjustable metal caliper 

Figure 21 

X-ray cassette with radiopaque ruler 

FIgure ." 

RadIOgr ..lphIC measurement of 
distance F. 
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( J ) The di~tance oetween the outer ~urfaces of medial and lateral 

malleoli, i.e. di~tance Ma (in fact, it corre~ponds to the vidth of 

the ankle) was mea~ured fir~l using a calliper. (Fig. 24a) 

(2) The callipcr arm~ were then opened 10 a distance of F + Ma 

(dj~lance F known from ~tep 1). The ankle~ were positioned 

with the outer ~urfaces of bath lateral malleoli in contact with 

the calliper arm~. (thus F, = F) (Fig. 24b) 

St cp J: The patient ~tood with the hip~ in neutral rotation and with both 

kJ1CC~ l'ully extended to ensure a true AIP vicw of the knees as verified by the 

position of thc patellae. Body weight is cqually applied to ooth leg~ and the 

Illctallic plllmh line ~holild he exactly in the patient's midline. (Fig. 25) Any 

lurching tn one ~ide can thll~ he controlled. (Fig. 26) 

h) Projection Guide: X-rays were taken at a tube to cassette distance of 180 

cm (n") for a minimum magnification. The x-ray beam was centred at the 

knce joint lille level; a 35 x 90 cm (17" x 36") grid was used for ohe~e patients 

(H5 lines per inch. H: 1 ratio). 

The projection technique for a triple phase, twelve pulse generator was: 

AfP Pelvis: Average patient (70 kg): 32 MAS, 75 KVP + Grid . 
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Metal caliper used to measure 
the width of the ankle = Ma 

Fl.gure24;a 

Figure 24 

Metal caliper used to place 
ankles at distance = F + Ma 

Flgure24/b 

Figure D 

Rationale hehind ankle 
posi twntng 
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Figurc 2S 
Patient in truc bipedal po~ition 

Figure 26 
patient lurching to one side 
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AfP X-fays of lower Iimbs: Average patient 32 MAS. 7) KYI' f Ci ml 01 J~ 

MAS, 65 KVP no Grid. 

c) X-rays: For the sake of comistency. two radiology tcdmiciam (F.M.j.l.Ci.) 

were specifically trained and a~signed to the project. The fol!owi ng \-1 ay~ 

were taken: 

(1) A long 35 x 90 cm (3 foot) AIP x-ray of the hip-~l1cc-ankk «(''il,'. 27). 

The patient was then a~ked to ~tep down and wa~ again lep()~ltiOlled 

for the second short x-ray. 

(2) A ~hort 35 x 43 cm AIP x-ray of the cntirc tibia indudi Ill,'. tlle k lice and 

allkle was then taken. 

Since the mechanical axb of the lower cxtremity i~ 110W vertIcal tu Ihe 

ground and parulie 1 to the long axis of the ca~~ettc alld of the x-ray 

film, a verticalline drawll on the ~hort x-ray ... Larting hOIll thl: centre 

of the ankIe (Ac) and running parallel to the long axi ... 01 the Illm, will 

autorr.ttically go through the centre of the hip (1 le) (whicll therc/ore 

need not be vbualized). (Fig. 2H) 

d) To test the validity of this technique, the mcchanical axi~ wa ... drawn on !>olh 

the long x-ray~ and the ~hort x-ray"'. (Fig. 2H) 



• 
Figure 27 

Mechanical axes drawn on a 3-foot 
long whole leg length x-ray. 

Figure 28 

Mechanical axes drawn on a short 
x-ray of the entire tibia 

• 

\, 
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The following parameter~ were l11ea~u red: 

(1) the distance (F1) betweel1 the celltrc~ of the allJ...lc~ (Ac) a~ compall'd 

with the di~tance (F) hctwcell the ccntre~ of the hip~ (Ile) (Ihi" i" donc 

to test for accuracy of ankle po~itionillg). 

(2) the position of the mechanical axc~ on thc x-ray film a~ cOl1lparl'd 10 

the vertical metallic plumb line (thb b donc to tc~t for at:clllacy 01 Ihl' 

technique in achieving vertical and parallcl I11cchanical axe~). 

(3) the mechanical axis of the kllce of the !o.ame patienl I11ca"UI cd 011 a 

three foot film wa~ compared with the mechanical axi~ a!o. drawll on Ihe 

short x-ray . 

The tihial plateau was divided into thrcc ;r()nc~ (laieraI, lIliddlc and 

medial) and the zone cro~~ed hy thc Illcchanical axi~ a~ drawlI on long 

and short x-rays was noted and compared (Fig. 29). (Thi~ I~ dOllc 10 

test the accuracy of the techniquc in rcproducing Ihc po..,itioll of the 

mechanical axb on the ~hort x-ray) 
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Figure 29 

Tibial plateau divided into 3 zones 

• 



• • • TABLE 1 
CONTROL GROUP 

Distance between Distance between Deviation Deviation al knee level 
No. N.\l\lC SEX AGE ALIGN / DlAGNOSIS cenlers of hips (cm) cenlers of .lDI..les (cm) M.A. oIT vertical (") * long vs short xray(cm) * 

1 D.!'!. F 26 (N) 17.8 
1 

18.5 - 0.3 cm 

1 G.B. M 31 (N) 19.6 21 1- 2" 0.7 cm 1 

3 R.B. MF 30 (N) 18 20 2" 1 cm 

4 H.P. M SI (N) 18.2 18.7 - 0.5 cm 

5 R.B. F 51 (N) 19.5 20.5 1" 0.5 cm 

6 A.c. M 25 (N) 20.2 21.2 1" 0.5 cm 

7 LD. 1\1 21 (N) 20 20.3 - -
s 1 P.G. !'II. 17 (N) 19.5 19 - 0.2 cm 

9 D.W. F 24 (N) (R) PATELLECfO:'>fY 20 
1 

20.3 - -

101 J.E. F 27 (N) 20 19 1· 0.5 cm 

ni CD. F 19 (r-.î 18 17.5 - 0.5 cm 

1 1 
1 

1 , l' , R.C. '1 39 \r-., 18 18 
1 

- -~ , , 
1 

1 

1 1 1 

1 

1 
UI JG H. ~t 36 (~, osteold Ol>. / \ R\ tibia 21 i 20.5 - 0.2 cm 

1 

Hi 1 1 1 \:-') 
1 

1 

1 II\.. F 6S 10 , 20.3 - -, 1 

f 15 1 
1 ! 1 

, 

1 1 
1 

, 
1· 0.2 cm \G \1 1 30 1 l') 1 18.2 19 

1 , 
Ir> 1; F \1 '::1) ,'1 1'1.2 !'J.2 

1 1- HI \1 :1 ,', ~tl~ :11 il E 'rn 

I!\ 1 -\.c. \1 Sl \~, 19 18.8 

19 i G.:'>I. '1 ;:S (~) 18.5 :0 1 ,. . -
:,' rI' F 1:. \'\ Il \ \('l ï't"':l)n!'[ 1'< 1 1" .., l' Q7cm 

: 1 Jl1 r (l~ \'1,1, ,LI .lnh.lt' tH 1:-.5 lY IJ~ cm 

• S::'~: .. "{:'~ ,·:w:':c;"~ .. loS t -... --, == S<, dc ... t..;!z.)n 



TABLE Il 

,\" '\ ... ~1 E. 

\1 D. 

:: TC. 
1 -

• 
~EX 

F 

F 

.\GE 

., 
1. 

iiI 

ALIG~ \IE'\ljDX 

'L, 'al~u~ !-n"" / B,L TKA 

,LI genu 'al~um 3 cm LLD 

MALAlIGNM. PATIENTS 

Dl>tance btNeen 
centers of hlp~ 1 cm 1 

17.6 

18.3 

, D"tance btNt:en 
croter. of .lnhks Ilm 1 

17 fi 

19.3 

De'~atlOn 

\L-\. oIT, ~rtlc.l1 \ 0)'1 

l' 

• 
Dl"'latwn olt Mee le\el 
Ion!!" ~hort \rJ\ ',cm.-

-1 cm DlfT wne 

1 3 R.I,. F fil (R) \aru~ !-nee 18.5 ::0.3 1° 0.0) cm 

, 1 

! 1 

, 
1 

1 

, 
1 4 , AV F ï9 l Bd. genu \aïd 18.2 IliA - \ 1': cm i 1 1 

, 

1 1 1 1 1 
5 fil. f 63 IL) HTO 19.5 20.5 1· 0.5 cm 

6 1 t 1 Bi\. l;enu valg.l/RA 1 1 

1 

A.H. F 43 20 20.ï 1° 1 0.3 cm 
1 

7 P.:'-l. ~1 
1 

24 1 Post (L) # femur 
1 

20.5 21.5 1· 0': cm 

Il F.W. F. 34 1 B,1. genu \algJ 18 19.8 ::0 09cm 

') J.K. M ::0 (L) genu \algum 19 20 1· 06cm 

101 EG. M 77 (L genu \arum 20.5 20 - 0.1, cm 

11 L.C. F 58 (L) TKA 20' ne"ion contrature 19.5 19.8 - 0..5 cm 

12 /I.G. r 62 PsorlaSlS/(L) TKA 20..5 :0..5 - -
1 

13 S.D. F 61 Bil. genu \alga 18.8 21.2 3· 0..5 cm 

14 E.T. M ~-.~ Bil. \arus 18.2 IS.5 - 0..5 cm 

15 M.5. 1\1 27 BII. genu vJra 19.5 20.5 1" 0.2 cm 

16 J.A. F 59 (L) varus !.nef / Bil. TKA 18.5 18.7 - 0.6em 

17 W.B. 1\1 43 Bil. genu 'ara/(R) HTO 18.5 19 - 0.3 cm 

18 MD. F 33 Bil. hg. mstablhty J 
18.0 19 1· 0.4 cm 

19 G.S. F 80 (R) valgus \..nee / (R) TKA 18.5 18..5 ._- --
20 A.T. F 611 Hi1 genu ,al~d 17.8 17.6 --- -
21 G.l\1. M 77 1 (R) varu~ Iillee/(L) TKA 18.5 21 2· 1.5 cm 

2':: UM. M 78 (R) \algu,,/(L) TKA 18 17-Z 1° 0.4 cm 

23 F.G. F 59 (Ll "al~u\ knce/(Rl TKA 19.5 21 2· 0.7 cm 

:!-1 J.II. F 77 (L) vJru~ !.nee j (L) TKA 18 17.7 - O-Z<.m 

15 J.II. M 59 Bil genu \arJ 18..5 20 2° lUI cm 
-_. 

--~ - -

* SpaLeS /1IarJ,.ed as (--_.) No deViat/on 

J 

1 
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V. RESULTS 

(See tables 1 & Il) 

1. The average difference found betwcen distance F 1 and di:-.tancc F - i.e di~tallcc 

between centres of the ankles (Ac) a!-. opposed to dbtancc bctwccll the ccntrc!-. 

of the hips (Hc) - wa!-. 0.6 cm in normal control ~lIbject!-. and O.X l'Ill in 

malaligned subjects. 

The maximal difference between the two mea~uremcnts was 2 cm in the control 

group and 2.4 cm in the patient group, both ~een timing the carly ~tagl':-' of the 

study . 

2. Using our positioning technique, a vertical mechanical axi~ (within 2°) i c. 

perpendicular to the f1oor, was obtained in ail control ~lIhjccts and in <)()(1f' 

(24(25) of patients with malaligned knee~, the only t'ailurc C~o dcviation in 

patient #13) being in a patient with sevcre hilateral genu valgullI ( ... ee 

discussion). 

3. The point and the zone of inter~ection of the rncchanical aXI~ on the tihial 

plateau in the long and short x-ray~ were identical (within 1 cm) in a/l control 

subjects and in 88% (22/25) of patient~ with malaligned kncc~. 

The mechanical axb wa~ noted to be in a differcnt zone (on long x-ray a~ 

compared 10 short x-ray) in one patient (#2) of the malalignment group ('-.Cc di">t'U", ... ion) . 
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At the end of the ~tudy, we cou Id consi~tently p()~ition our ~ubjects (controls and 

paticnt~) w that the ankle~ and hip~ were vertically aligned, resulting in mechanical 

axc~ that wcrc vertical to the floor and parallel to one another. It was then possible 

to dctellninc the mechanical axb of a Iimb on a short x-ray of the entire tibia (i.e. 

parallcl Illcchanical axe~ x-ray~). (Figure 30) 



• 

• 

• 

w 
1--
1-
w 
(f) 
(f) 

1 
;)\ 

.4+P ..... ;~; .• ;~;~Ii-=.4;..IAI.I~ii~j~jPj .... ~i • .: .... ~~ .. ~ .... ~ .. --............ ~ ...... .u .... ~ ........ ~~~~·A~ ...... __ 
" :', .. ' 

". 

.. : ... 
~v.- : 

=:.' .... '0': 

." '.' 
:', 

. ,',. ,0.:. 

'" 

Il.U'' ..... 'J~.I' dl';o:\"4 • ., 

u.. 

III 

" 
,t! 
~ 1 
j 
~: 

III 
III 
>,,; 
nI 

1 
,) 1\1 
r') C) 

.1 
ri) ~: 
~; III 
., 1; 
tJ' () 
,j (Il 
,1. 1. 

; 

'Il 
; 
1 

nI 
~ 1 
nI 
li. 

<1) 
l, 

Il 



• 

• 

• 

37 

VI. DISCUSSION 

The outCOI11C of knee reeon~truetivc ~urgery depends on aeeurate realignment of the 

lowcr limb (Lotkc & Eckcr 197731, In~all ct al 1981 2°, Bargren et al 19832
, Johsson 

B. 1t)8824 ) Thc two main method~ of a~~e~~ing normallimb alignment are the tibio

t'cmoral anglc (normally mea~uring 7° .± 3° valgus) and the meehanieal axis (normally 

pa~~ing through thc middle thinl of the tibial plateau). 

'l'hrcc-foot, full leg length weight bearing radiographs are still considered the gold 

~landard for thc radiologieal a~se~~l11ent of knee alignment (Peterson, Engh 198839
) • 

ln an attcmpt to perfect long AIP x-ray~ of the lower limb~, Cook et al4 Queen's 

Univcr~ity Clinical McchltIlie~ Group (CMG) have introduced the "Standardized 

Radiograph Techmquc" which entails the use of a standardized radiographie frame 

with multiple radio-opaquc markers to identify anatomical landmarks a~ weil as 

reference poillt~ huill into the frame. Long fullieg length x-rays are then taken and 

ail availahlc data arc digitized and uutomaticully processed in a desk-top computer. 

/\ haa! copy with a detailed 18 point analy~i~ of malalignment i~ provided. The 

procedure i~ regrettahly eomplex, expensive and require~ trained per~onnel. 

Furthermorc, thrce-foot (90 cm) long x-rays are difficult to standardize, store and 

entail irradiation of the pelvis. 
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The authors propose a standardized and reproducible techniquc when:by thc an~k'!'t 

and the upper hody are preci~ely posiiioned and controlled. lJndcr thl'!'tC 

circumstance~, the mechanical axis can be drawn on an x-ray of the cntilc tihia onl)'. 

This technique is now called the "Parallcl Mechanical i\xc~ X-ray". 

Technical difficulties during the early ~tages of the ~tudy were l1lainly rclatet! tn 

inexperience. Accuracy in positioning patients improved with timc. Thi~ Ic~Hnillg 

curve accounts for poor resuIt~ in three patient~ (#2,3,13 table Il) and III onc COJl\Jol 

subject (#3 table 1) . 

Specifie clinical situations merit dh,cu~~ion: 

1. For very tall patienb, the 35 x 43 cm short cas~ettc Illay not he long cilough to 

visualize the entire tibia. A three-foot (90 cm) film i~ thcn L1~cd hut the 

proximal femur and the pelvb are not vi~ualizcd nor irradiatcd. (Fig. 31) 

2. Pelvic obliquity, be it due to a fixed lumbar curvc or leg Icngth di~crepalJcy d()e~ 

not, by itself, modify the relatiom,hip betwecn the hip, kncc and anklc (i.l:. kncc 

alignment) although it likely alter~ the bi{)mcchanic~ of wClght hl:arrng, 

particularly in the pre~ence of a~~ociated knec malalignmcnt. Pclvic ohl iquity, 

however, will modify, ever so ~Iightly, the horizontal di!-.tancc hctwccn thl: hip ... ; 
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the pelvis should therefore be horizontali,LCd hy hloc"~ for ~'OIICl't a!\~C~~I1lL'llt of 

distance F and hence, of distance F, when using the parallcl I11cl'hanlcal a\l'~ \-1 av 

technique. 

Since correction of leg length di!lcrcpancy with block~ i!'l Ilot IlCl'l\~!\ary whcn Il'g 

alignrnent is radiologically asse!l!led using the tbrec-foot :-'-1 ay tcchnlqul'. the lattel 

rnay be preferred in in!ltances of rndrkcd pclvic ohliquity. 

3. Bilateral knee deformitie~: Mild 10 /llodcrate dcgrcc~ 01 hilatcl al varll ... (\1 

valgus deformities could be radiologically aS!le~~ed ming the palallcll11cchanÎl'al 

axes x-ray technique (Case #4,6,H,I3,15,17,20,25, Tahle II) 

• Severe bilateral genu varum: 

With the ankles placed aparl by a di!'ltancc F, = F, the dl ... tancc helwl'cn the 

varus knee~ may cxcccd thc width of Ihe x-ray ca~~cttc i.e. J) l'III ()I 17" and a 

wider ca~sette is then necc~!lary; alternately, the x-ray ca ...... eLtc llIay he IlIovcd II) 

either si de in order 10 visualize the knce. 

• Severe bilateral genu valgum: 

When the~e patients ~eparatc their anklc~ hy di. ... tancc 1'" thcir knce ... llIay louclJ 

one another. If the knecs are touching, they ~lIpport cacl1 othcr Illcdially and 

truc weight bearing knee alignment can not he a~~c~~ed (Coventry 19H7).6 1111 ... 

re~trjction obviou~ly applie!l to ~hort and long x-ray'l. 
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• Valgu~-varu~ deformity combinations (windswept knee deformity) 

Thi~ ... hould not interrere with proper ankle po~itioning a<; long as the knees are 

not louchi ng one anolher. The x-ray ca~~ette may have to be moved to one side 

to v, ... ualize hoth knee~, on the ~ame ca~~ette. 

4. Patient<, with internai or external tibial torsion deformity: 

Severe t()r~ional deformitie~ of the tibiae may render simultaneou!I frontal (AfP) 

vi..,ualil.ation of the kJlee~ and ankle~ impossible. In ~lfch instances, the knee is 

pn..,itio/1ed in the correct AfP plane i.e. pateIlae facing forward. A~ for ankle 

po~itio/1il1g, it i!l not /1ece!l~ary to vi~lfalize the ankles in true AIP plane as long 

a.., they are pmilJoned apart by a distance of F, = F. 

Rotating the foot and ankle to obtain a true AIP view of the knee joint does not 

affect the vertical pmition of the mechanical axi!l a!l long a!l the deformities are 

pureIy rotatiol1al without any angular diaphy~eal or metaphY!leal component. 

5. Patient!l with angular deformities of the tibia or femur e.g. Post-traumatÎc: 

Angular ddormitie<; of the tihial or femoral shafts will exaggerate knee 

malalignmcnt and further di!lplace the mechanical axis. Th..; knee malalignment 

will he increa~cd or decrea~ed by mal rotation and x-rays should be taken in a 

po~,tJon of neutral rotation. These precautions however, abo apply to 

p(}~itJollillg for tlnce-foot full leg length x-rays and are not contra-indications to 
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the use of the "parallel mechanical .L'\CS x-ray". 

Considerable attention ta detail is necessary 10 achicvc accu rate and reprodudhlc 

parallel mechanical axes x-rays in patients who~c kncc malalignmcnt b dUl' to 

multidirectional deformitie~. For example, a patient with a malaligncd )..11l'C 

secondary to malunion of a tibial shaft fracture \Vith li mar)..ed varll~ lIngulatiol1, 

internaI rotation of the distal tihia and 3 cm of ~hortcning \l111~t hc carcfully a~~c~~cd 

bath clinically and radiologically tn en~lIre that each COI1l\lOIlCllt of the malalignmcl1t 

is con!lidered. AIthough lirnh ~hortening and pure tor~i()nal diaphy~eal deforlllitÎe., 

may not modify knee alignment, angular deformitie\ of the tihia and/ol the felllur, 

on the other hand, will alter the alignment of the knee and it~ x-ray a"~l'~"IIICllt will 

be greatly altered by any malpo~itioning of the limb when thc x-ray i~ ta)..ell. For 

instances of complex and multidirectional knee dcformilic ... , alignment i., probahly 

best assessed radiologically llsing carefully executcd three-foot x-ray 1ï11l1~ 

Two issues would seem to favour the "parullel mechanical axc~ x-ray techllique", 

namely radiation expo!lure and c()~t. Diagno~tic radiology aCC()lInt~ lor :t IlJajor palt 

of radiation dO!lage received hy patient!l.37 Although radiation expo ... ure ha ... heen 

shawn ta increase the incidence of brea~t cancer\ the REAL n..,k (JI varioll., 

diagno~tic radiographie pr()ccdure~ remain~ unknown.37 Thl~ ha., prompled 1 he 
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introduction of the ALARA principle45 in diagnmtic radiology (a!' low as reasonably 

achievahle). On the other hand, the relative sen~itivitie!' of different organ tissues 

to radiation have ~hown the gonad!' to be the mmt ~ensitive, h)lIowed by brea~t tissue 

and red !Jone marrow.21 (36% of the body'~ red bone marrow is in the pelvb) 

AI~(), irradiation of the gonad!', the hone marrow and active epiphyseal plates of 

young patient~, may increa~e the risk of genetic mutation and tumour induction. 

It wou Id, therefore, setm prudent that pelvic irradiation should be kept ta a 

minimum and the advantages of an x-ray exposure Iimited to the entire tibia only 

wou Id ~eem ohvioll~ . 

Thcrc arc abo economical advantages. A comparison of pnee listings obtained from 

Kodak, Canada 1990, ~howed that long x-ray cassettes and films cost double that of 

short x-ray~ a~ follow~: 
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X-rays cassette & screen 

X-ray film 

$ 1125.HO Can. 

$ 5.00 Cano 

4J 

$ -l~-U)() ('a Il. 

$ 2.21'\ ('ail 

Thus the "parallel mechanical axe~ x-ray technilJue" would appeal 10 he a co~t

effect"ve method ta assess knee alignI11ent. 

The "parallel mechanical axe~ x-ray technique" also ha~ Ihe tollowing added pOlcllllal 

advantages: 

Fir~t, the technique is easier ta ~tandardize and the x-ray ill1age~ are reproducihle. 

Second, although determination of dbtance F (the di~lancc betweel1 the ccl1lre~ of 

the hip joint Hc) require~ an x-ray of the pelvi~, that rnea~urCIl1Cl1t can he rccorded 

on film and used later for follow-up x-ray~ with Ie~ ... rC~lIltallt net irradiallolJ 10 the 

gonads than repeal long (90 cm) threc-foot x-ray~. 

Third, the vertical radiopaque plumh line, a~ ~een in the middlc of the x-ray, emurc~ 

equal weight bearing on hoth Iimh~, lurching 10 one ~ide i ... ea~ily l10ted and ~h()lIld 

he corrected. 

Finally, while a long (90 cm) three-foot x-ray may he preferred lor pre-operaI Ive 

planning of a total knee replacement, ~hort parallel mechalllcai axe ... x-ray ... arc 

perfectly adequate for follow-up a~~e~ ... ment of kncc alignmcnt. 'J hey rcqulre lin 

special viewing hox and pre~ent no ~torage problcm. 
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VII. CONCLUSION 

J\ Ilew radiographie technique, cal/ed the "parallel mechanical axes x-ray technique" 

i~ de~crihcd for the a~~e~~ment of knee alignment u~ing a short x-ray of the entire 

tihia. The technique i~ rcliable, reproducible and ~pares the patient unnecessary 

Irradiation and i\ a viahle alternative to and le~~ costly than three foot long x-rays . 
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