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Aetiopathology, indication
and patient selection

A valgus leg alignment can be present
congenilally or eccur after lateral meni-
sectomy, growth plate disturbances and/for
post traumaficaily {21]. The valgus align-
ment itself is a visk factor for the develap-
ment of lateral compartment osteoarthri-
tis (QA) and its progression [1-3], Later-
ol compartment QA s most often located
posterolateraily in the knee whereas me-
dial compartment osteoarthritis is locat-
ed anteromedially (22, 23], Anatomical-
ly the lateral tibia plateau is convex, In-
stead of concave medially; congruency of
the lateral compartment is to a much farg-
er extent maintained by the shape of the
lateral meniscus, and loss of the integrity
of the lateral meniscus decreases this con-
gruency [24). The biomechanics of a val-
gus malalignment thercfore might be en-
lirely different compared to a varus ma-
lalignment [12],

Various authors have looked at the dif-
ferences between lateral and medial OA,
Recent research on cattilage forces and as-
sociations between variations in anatomy
around the hip and leg alignment might
betler explaln why cartilage in lateral OA
deteriorates more rapidly in specific pa-
tients (D Table 1} [12, 22, 25-34],

The main indication for supracondy-
lar distal fernur varus osteotomy (SCO) s
the correction of frontal plane valgus ma-
lalignment in lateral unicompartmental
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OA of the knee [1, 9-16]. A second indi-
cation s the correction of load imbalance
in ligamentous instabllity due to chron-
ic medial collateral ligament insufficien-
cy to reduce the valgus thrust and to un-
load any ligament reconstruction [35]. A
third indication is the correction of lateral
patellofemoral maltracking due ta the val-
gus leg alignment and associated abnor-
mal trochlear orientation, to reduce the
lateral displacement forces acting on the
patella [36], The second and third indica-
tions are beyond the scope of the current
article, as are the possible treatinent alter-
natlves to $CO (lateral unicompartmental
and total knee replacement).

Initlal assessment is done using weight-
bearing antero-posterior (AP) and lateral
radiographs and axial views of the patello-
femoral joint, as well as whole leg standing
racdiographs and postero-anterior {PA)
welght-bearing radlographs in 45° of knee
flexdon [13,21, 37-39], The latter is used to
visualise the degenerative changes in the
posterior part of the lateral tibia plateau
(B Fig. 1), Optional vavus stress views may
be used to show a sufficient lateral collat-
eral ligament and adequate joint space in
the miedial compartment [40].

The ISAKOS guidelings en HTO in
the management of knee OA can also be
applied to SCO (B Table 2} [17], In addi-
tion to these guidelines, it is the current
authors’ opinion that patients <40 years
of age can also benefit from realignment,
alone, or combined with a secondary car-

tilage procedure such ax microfracture,
Furthermore patients with medial com-
partment cartilage changes up to Quter-
bridge [41] grade 3 and patients with an
intact remnant of the medial meniscus af-
ter partial menisectomy may be suitable
candidates, provided that the leg is not
overcorrected into varus, [n addition to
frontal plane corrections > 15", corrections
up to 15" in the sagittal plane can be per-
formed using current {ixation techniques.

Corraction of the deformity

In knee jolnts with distal femoral deformi-
ties and valgus joint line obliquity a fem-
oral correction not only corrects the leg
alignment but also normalises the knce
joint line obliquity,

In many patients however the valgus
malalignment may be found to be caused
by a tibial or a combined tibial and fem-
oral deformity [42], The principles of de-
formity correction as formulated by Pal-
ey [43] dictate that in these cases either a
tibial correction or a double level ostecto-
my should be performed with a resultant
normal knee joint line orientation, Plan-
ning of cotrection using present and de-
sired welght bearing lines provides for the
angle of correction as well as the length
of the wedge base on the cortex (B Fig. 2),

The Germian version of this article can be found
at dof: 10,1007/500132-014-3036+1
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While a varus SCO is biomechanical-
Iy efficient in the extended knee, it should
be noted that in flexion the osteotomy has
no effect [44], In 90° of flexion the contact
puint of the loaded posterior condyles on
the tibla remains unchanged by the SCO.
Patlents therefore should be warned that
while excelleat symptoms relief may be
expected in extension and during gait,
symptoms are likely to persist during ac-
tivities that load the knee in high flexion,

Results

Well-designed studles, let alone RCTs,
comparing the various available surgical
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options and facters that determine the
outcome in SCO are not available. The
largest series on SCO we are aware of are
by Teitge [12] and by Freiling et al, [13],
they reported on 46 and 60 patlents re-
spectively, Reported results vary from
relatively poor ta good at mid- to long-
term follow-up; from 57 % satisfactory re-
sults at the 6.5-year follow-up, to 83% at
99 maonths, and 92% good results at the
4year follow-up {7, §, 10, 11], The end-
point of survival is usually conversion to
a TKA; survival up to 87% at 99 months
has been reported [7]. Finkelstein et al.
[15] reported that 13 of 20 ostectomies
were still successful at an average follow-

up of 133 months; the probability of sur-
vival at 10 years in their series was 64.%,
There is no consensus in varus SCO
on the optimal amount of correction. A
correciion of the anatomical femorotibi-
al axis to 6-10° [7,9, 10, 15,45, 46] or me-
chanical femorotibial axis between 0° and
3° have all been recommended [8, 12, 13,
37, 47). Shoji and Insall [48} identified
the remaining obliquity of the knee joint
line after valgus correcting osteotomies
as a major prognostic factor, In a serles of
patients with valgus deformities and lat-
eral compartment OA, they performed
an HTO and found that if the joint line
obliquity produced after the tibjal correc-
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Abstract

Background. Similar to the re-appreclation
of high tiblal osteotomy (HTO), supracondyler
distal femur varus osteotomy {5C0) for lateral
compartment osteoarthritis {OA) of the knee
has gained renewed interest as naw knowi-
adge has become avallable on the influence
of malalignment on the development, pro-
gressfon and symptoms af OA, Furthermore,
the less than optimal results of knee replace-
ments {TKR) In vounger patlents have afso led
ta renewed Interest in Jolnt-preserving treat-
ment oplions,

Purpose, Varus 5C0 has not had the same
success or widespread use as valgus HTO,
The goal n 5CO Is slmllar to HTO, to shilff the
load from the diseasad to the healthy com-
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partment, in order to redtice pain, Improve
functlon and delay placement of a TKR. Val-
aus OA however occurs much less frequent-
[y than varus OA and varus S{0 Is considered
a technically more demanding procedure, In
the past the surglcal techimiques for SCO were
malnly dependent on difflcuft-to-use tm-
plants making the procedure more complex.
Complication rates related to the falfure of
fixatlan up to 169 have been reported,
Disussion, The new biplane osteotomy
technique fixated with a locking compres-
slon plate is very stable; bone heallng poten-
tial Is optimal using this technicue and takes
68 weeks. Full weight bearing before full

hone healing is possible without loss of cor-
rectlan,

Conciusion, Inithis artfcle, patfent selection,
planning, surglcal techniques, stabHity of fix-
atlon, and bone healing are discussed, Var-
us supracondylar esteotomy fs a viable treat-
ment aption for a well-defined patfent aroup
suffering from valgus malallgnment and lat-
eral compartment astecarthritis, and in ad-
dition may be consldered In ligamentous Im-
balance and lateral patetlofemoral maltrack-
ing.

Heywords
Femur - ¥algus - Osteotomy -
High tihial osteoariheitls . Lateral arthritis

Zusammenfassung

Hintergrund, In gleichem Male wie der
Stellenwert der hohen tiblalen Osteotomie
{HTO} gestlegen Ist, hat dfe suprakondytire
varisterende distale Femurosteotomie {DFO}
het der Behandlung der lateralen Ostecarth-
tose {OA) des Knlagelenks an Bedeutung ge-
wonnan, Zum einen zelgen nevere Studien
den klaren Zusammenhang zwischen elner
Fehlstelfung und der Arthroseentwickhung.
2um anderen fithren die nicht 2ufrteden stel-
fenden Ergebnisse nach der implantation von
Knlegelenkprothesen bel jingeren Patienten
24 elnem verstdrkten Interesse an gelenker-
haltenden Therapleverfahren,

Zlelstallung. Die Ziclstellung bel dar DFO
Ist vergfeichbar mit der HTD und besteht In

der Verlagerung der Belastung vom erkrank-
tem zum gesunden Kampartiment, um elne
Schmerziinderung und Funktionsverbesse-
rung zu bewlirken, Eim welteres Ziel st die
zeltliche Verzbigerung des Einsatzes elner
Knlegelenk-Endoprothese,

Diskussian, Dle varlsigrende DFOQ hat nicht
denselben Stellenwert und Verbreltungsgrad
wie die valglsterande HTQ, da die Valgusgo-
narthrose seltener als elne Vayusgonarthiro-
se aufirltt, Die varisierende DFO gilt Im Yer-
glelch zur HTO als technisch anspruchsvolle-
res Yerfahren,

Schlussfeigerung, In diesent Artlkel wer-
den Patlentenselektlonlerung, Planung, Ope-
rationsiechnlken, Fixationsstabilitat und Kno-

Suprakondylire Femurosteotomien in Kniegelenknihe, Patientenauswahl,
Planung, Operationstechniken, Fixationsstabilitdt und Knochenheilung

chenhellung bei suprakendyliren Femurost-
eotomlen dlskutiert. Bel den bisherigen DFO-
Technlier wurden mehrheltlich schwierlg
und kempliziert elnzubringende [mplantate
verwendet, was das Verfahren aufwandiger
gestaltete. Hauflges Implantatversagen dlte-
rer Osteatomieplatten filhrte zu Komplika-
tionsraten von blszu 16% berlchtet,

Schilisselwirter
Femur - Valgus - Osteatomle - Hohe tibiale
Qsteoarthrose - Laterale Arthroseentwicklung

tion exceeded 157, especially in combina-
tion with over- or undercorrection of the
frontal malalignment, rapid further de-
generation ensued, Several clinical studies
on double osteotornies tv prevent pathe-
lopical joint line obliquity have since con-
firmed these early observations by Shoji
and Insall [42, 49, 50]. Miniact et al, [51]
reported that poor results were associat-
ec with longer time to follow-up and fail-
ute to correct the tibia-femoral angle to
0=, Similarly Mathews et al, [11] reported
that good results were associated with ad-
equate correction of the valgus deformi-

ty, to <2° from 0, McDermott et al, [10]
and Cameron et al. {8] on the other hand
found no correlation between alignment
and outcome, All these authors aimed for
correction of the anatomical axis of the fe-
mur lo {7,

Teitge [12] noted that with correct
alignment deterioration was slow and
that those with a less than good result
were poor from the statt; in those the in-
dication to perform an osteotoryy might
nothave been correct, Terry et al, [46] re-
porting on a seties of 14 patients showed
that using a lateral open wedge technlque

and a DCS for fixation at 45 months 71 %
of patients had a good or excellent result,
The aimed correction was to a mechani-
cal axis of 0%, alignment at Anal follow-up
was 1.5° varus, the average shift of the me-
chandcal axis was from a point 96 % lateral
from the medtal side of the tibia plateau to
44%. A poor outcome was assoclated with
a body weight of more than 1.3 times the
1deal weight and with an Increasing num-
ber of previous operatlons, Again no cor-
relatlon belween cutcome and final align-
ment was found.
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Regarding overcorrection into varus
after SCO, Sharma et al. [1] in a study on
the role of knee alignment in OA disease
progression and functional decline found
a four-fold increase in the odds of discase
progression if a varus allpnment was pres-
ent, and a matalignment greater than >5°
was associated with a significantly great-
et functional deterioration over the peri-
od of follow-up, The current authors cor-
rect the mechanical axis to a linc passing
the knee joint just medial to the decpest
point of the trochlea, In severe lateral OA,
in the presence of a normal medial com-
partment, a line slightly medal to that, i.e.
just medial of the medial eminence of the
tibia plateau, is used,
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Osteotomy technigques and
methods of fixation

In SCO, medial closing-wedge and Iater-
al ppening-wedge techniques can be used
[12, 24, 37, 38, 46, 47, 511, For fixation an
angled blade plate, a Dynamic Condy-
Tar Screw and side plate (DCS), a mal-
leable implant, staples, a plaster cast only,
and an external flxator have all been used
with varlous amounts of success with loss
of catrection, implant failure and delayed
bone healing belug the main complica-
tions reported [13, 16, 21, 46). The medi-
al closing-wedge technique, with saw cuts
either parallel to the joint Itne or oblique
down sloping from (he medial corlex ta
the lateral cortex hinge peint, fixed with
an angled blade plate, has had the most
widespread use [7-10, 12, 15, 45, 51, 52].

More recently angle stable implants,
based on the LCP concept, specifical-
Iy designed for the fixation of SCO have
become available and a new so-called bi-
plane SCO technigue has been developed
113, 37, 38, 47},

‘The various osteotomy techniques and
fixation methods all have their advantages
and disadvantages (B Table 3). An impor-
tant limitation of the single plane medi-
al closing-wedge technique Is the position
of the esteotomy relative to the trochlea
and the soft-tissues gliding surface on the
anterior side of the femur [20, 37]. While
in the standard single plane technique
the patellofemoral (PF) joint is avoided
by proximal positioning of the saw cuts,
the osteotomy does disrupt the soft-tis-
sue gliding mechanism causing 4 haema-
toma with subsequent pain and swelling




which slows rehabilitation, A modifica-

tion was therefore developed by the cur-
rent authors; the hiplane medial closing-
wedge technique [20], In this technique
the two saw cuts for the closing-wedge are

made only in the posterior three-quarters
of the femuy after which an ascending saw
cut Is performed o the anterior surface
of the femur, completing the osteotomy.
By avoiding the trochlea, this technique

Fig. 1 « Typlcal lateral compariment osteoar
thritic left knee, Valgus leg alignment on full [eg
welght bearing radiograph with welght bearlng
linz {In red) passing through the lateral compart-
ment (feff), welght bearing antero-posterlor (A7)
knee radlograph in extension shows small Jater-
al joint space nartowlng (middie), welght bearing
postero-anterlor (PA) knee radiegraph In 45° flex-
Ton {Rusenberg view) shows severe lateral jolnt
space narowlng (ght). {With permission frem
[60), Fla. 1,page 127)

Flg. 2 4 Planning of amedtal closing wedge su-
pracondylar osteotorny, a The present mechanl-
cal audsis drawn from A, the center of the femoral
head, to 8, the center of the ankle joint. Line 8~C
Is of equal length as line A-B and passes the knee
Just medial of the medial eminence {arrow) repre-
senting the desired postoperative mechanical axls,
bThe hinge point of the osteotomy {0} Is marked
Just proximal fram the upper border of the later-
al condyle and 0.5~1 em within ihe lateral cortex,
The angle of correction {d) s defined by lIne A~

D hetween the present femoral head centerand
the hinge point and line (- connecting the new
femdral head center position and the hinge point,
¢ Correcticn angle ¢ [s projected at the distal fe-
raur using two obllgque down sloplng lines of equal
length converging at the hinge point. The distance
meastred between those two lines at the fevel of
themedial cortex {arrows) represents the osteoto-
my wedgs base length to be removed duting sur-
gery. (With permisston from [0, Fig. 2, page 128)

enables a more distal positioning of the
lateral hinge point in betfer healing me-
taphyseal bone, As the soft tissue pliding
mechanism i3 not disrupted rehabilitation
is faster [37]. Furthermore, the ascending
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" Fig, 3 & a Overvlew of the five osteotomy conflgurations Initiafly tested, from left to right: medial closing-wedge obligue saw
cut AQ blade plate, medial closing-wedge oblique saw cut LCP {Tomoflx MDF}, lateral opening-wedge spacer plate, fateral
opening wedga LCP (Tarmofix LDF), medial closing-wedge parpendiculat saw cut AQ blade plate [19], Red dircle; the uni-cor-
tical screw Inftially used was replaced by & bicortcal scraw in the second serlas of tests [20], {With permission from [60], page
132, Fig, 3A) b Overview of the test setup, the replica femur is [oaded in an MTS with the 3D measuring systemm attached (bot-
torm left: 1 and 2), The direction and position of the osteotomy cuts (bottom middfe) creating a 10" opening {black arrow) ot a
10° closing wedge oblique {1} or perpendicular (2) ostectomy. The load applled to the femnuris also shown (middfe: white ar-

rows) [19]. {With permission from [60], page 132, Flg, 3B) ¢ Results of the axlal loacling tests {top) torsian loading tests {bat-
tom), comparing the single plane 5C0 with modified proximal screw configuratlon {red eirefe In A, bicortical Instead of unl-
cortical) (MDF SP), the new biplane SCO (MDF BP) and the old single plane SCO (MDF), Motlon Is in milllmeters (mm). MDF BP
15 statistically slgniflcantly more stable under axial loads and statistically slgnificantly less stable under torsion loads (*){20],

{With permission from [6C], page 132, Fig, 3C, 1)

saw cnt increases the cortical contact area,
which enhances stabillty and bone healing
potential [20, 53],

By changing the fixation technique to
a plate fixator the difficulties encountered
wsing an angled blade plate, which caused
surgeons to refrain from SCO altogether,
are avoided, These difficulties include in-
accutate positioning of the seating chis-
el and loss of stability after repesitioning,
"This also avoids secondary displacement
due to fracture of the hinge after remov-
ing the seating chisel and inserting the an-
gled blade plate,

Lateral plate positioning on the tension
glde, rather than the compresslos side, in
medial closing-wedge SCO has been ad-
vocated by some. In this scenario the plale
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isloaded undet tension which in turn pre-
vents lateral distraction during weight
bearing [24],

The downside of lateral fixation in me-
dial SCO however is an Increase in load
on the plate. It is farther away from the
postoperative weight beating Jine (WBL},
Increasing the load lever arm and bend-
ing moment, This may lead to Instabilt-
ty of fixation, delayed bone healing, im-
plant fallure and Joss of reduction [12, 40].

Stahelin et al, [16] showed by mea-
surement of bane diameters at the lev-
el of the bone cuts that, using obligue di-
rected bone cnts of equal length form-
ing an isosceles triangle, the bone diam-
eter at the level of the osteotomy cuts is
equal (O Flg. 2). After closure of the os-

teotomy the medial cortex can be com-
pressed without change of correction,
contrary to bone cuts aligned parallel to
the jolnt line resulting In unequal bone
diameters causing impaction and over-
correction after compression of the os-
teotomy, Furthermore baseline data on
the initial stability of the varlous SCO
techniques has become available [19, 20,
541, In three blomechanical studies par-
tial and full welght-bearing conditions
after SCO corrections in replicate bones
were studied. Tn the flrst study the blome-
chanical properties of five different SCO
techniques (8 Fig, 3) have been evaluated
(19]. The angled blade plate and the To-
moflx Medial Distal Fernur plate (Synthes
GmbH; Solotlutrn, Switzerland), using




Flg. 4 & Top to bottom Stepwise schematlc rep-
resentation of the surglcal technlque for a bi-
plane closing-wedge supracondylar fermur oste-
otamy {SCO) fixated by an Internal fixator plate,
After the transverse cuts have been made, the
ascending cut of the biplane ostestomy bs per-
formed parallel to the posterler cortex. The
wedge Is removed and the osteotony closed,
After dlstal plate fixatlon a lag-screw is inserted
to compress the osteotamy, it is replaced with

a locking screvr after the other proximal holes
have been fiifed, (With permisston from {607,
page 132, Fig, 44-D)

an oblique osteotomy direction provid-
ed the largest amount of initial stability.
The parallel osteotomy compared to the
oblique osteotomy, and the lateral open
technique, whether fixated with an angle
stable or a spacer plates, were less stable,
In a second study the aforementioned bi-
plane osteotomy was found to be more
stable than the standard single plane SCQ
[20]. Subsequently, in a third study previ-
ous results on biplane SCO stability were
reconfirmed using an impraved, more an-
atomically shaped version of the angle sta-
ble {Tomofix) plate and latest 4th genera-
tion replicate bones [54].

Operative technigue

The current authors preferred 8CO tech-
nique fs a biplane medial closing-wedge
osteotomy flxated with an LCP concept
based plate fixator called Tomofix Me-
dial Distal Femur plate (Tomofix MDF,
Synthes GmbH, Solethurn, Switzerland)
{QFlg. 4) [37]. Acthroscopy, which is con-
sidered as indispensable by some, can be
performed prior to the osteotomy to as-
sess the cartilage and menisci; if needed
additlonal procedures, including micro-
fracturing, can be performed [55]. The
whole leg should be draped free and a ster-
{le tourniquet can be applied, The starting
position of the knee is in full extension,
An jmage intensifier fluoroscupe is man-
datory, with visualisatton possible in two
direclions, The medial side of the distal fe-
mur can be either exposed by a median
or anteromedial incision and a standard
subvastus approach, in which the muscle
needs to be stripped of the septum sever-
ing vessels and nerves atalength enabling
plate fixation. Alternatively a less inva-
sive technique can be used as described
by Visser et al, [56}, A small medlal inci-
sion is made at the level of the osteatomy
and, instead of steipping the vastus media-
lis muscle { VM) off its septum, the natural
interval between the distal fernur and VM
is used to lift the muscle ventrally.

A blunt Hohmann retractor 1s posi-
tioned dorsemedially at the level of the
osteotemy fo protect the neurcvaseular
siruclures. The height and direction of
the osteotomy cuts are marked with K-
wires using fluoroscopy. The first K-wire
for the distal saw cut s inserted at the me-
dial cortex almed at an approximately 20
down-sloped direction ending a few milli-
metres above the upper portion of the lat-
eral femur condyle and 510 mm medi-
al to the lateral cortex (@ Fig, 2}, The sec-
ond K-wire Is inserted proximally at the
preplanned wedge base distance on the
medial cortex, the ends of both K-wires
meet at the hereby created hinge point of
the osteotomy, Ideally, the K-wires form
an isosceles triangle which can be checked
by measuring the length of the K-wires
outside the hone, Two additional I-wices
can be positioned more posterior at the
same height to guide the saw blade, Alter-
natively, a special saw guide can be used

to precisely determine wedge size and di-
rection, Two saw cuts are made parallel
to and within the K-wires, but only in the
posterior three-quarters of the ferur. A
third ascending saw cut is than performed
to complete the ostectomy, parallel to the
posterior cortex, usually at an angle of 90—
g5 to the uther saw cuts. After wedge re-
moval, the osteatomy is closed by apply-
ing gentle pressure; this can take a couple
of minutes, to allow for plastic deforma-
tlon of the bone, All hone should be re-
moved from the gap before closure to pre-
ventincomplete closure and lateral cortex
fracture, After closure, the alignment is
checked using a rigid bar over the center
of the [emoral head and center of the an-
Kle joint; the new mechanical axis should
run as pre-operatively planned. If needed
adjnstments can still be made to the oste-
otorny at this time,

The plate is slid proximally under the
vastus medialis muscle until it is alipned
with the femur shaft and then positioned
anteromedially on the distal femur, Af-
ter distal fixation the osteotomy is com-
pressed manually, For additional com-
pression an eccentrically placed screw
In the dynamic part of the combination-
hole directly proximal the osteotomy is
used, The plate is secured proximally us-
ing three unicortical screws, and one bi-
cortical screw just proxdmal from the os-
teotomyreplacing the compression screw.
In the less invasive technique the dis-
tal screws and the ostectomy-compres-
sion screw are inserted through the me-
dial incision whereas the remaining prox-
imal screws are Inserted through a sep-
arate transmuscular stab incision posi-
tioned at the most proximal plate hole
avoiding damage to major neurovascular
structures [56]. The wound is closed af-
ter placement of 2 low suction draln un-
der the vastus medialis,

Postoperative care and
weight-bearing protecol

Postopetative cryotherapy and intermit-
tent venons compression are recommend-
ed to reduce swelling, Starting on the first
postoperative day, partial weight-bearing
(15-20 kg) is allowed for the first & weels,
it Is increased thereafter depending on
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Fig. 5 A Follow-upradlographs that show bone healing and hohe surfaces after biplane supracandylar osteoforny In a saw
bone model, a, Antero-posterior (AP} and lateral views show full consolidation at & weeks follow-up, (With permissten from
[60], page 132, Fig. 4E-F) b, Bone surfaces following a medial closed-wedge bipiane osteotomy In a saw bone medel: Trans-
vorse osteotorny plane surfaces A {proximal) and 8 {distal), frontal osteotomy plane surfaces C {ventral) and D (dorsal), Sum-
rmation of these surfaces In square centimeter {crm?) stratifled by anatomical location show an Increase In area compared to a
stngle plane supracondylar osteotamy. {Adapted with permisslon from [53])

pain and signs of bone healing on follow-
up radiographs.

For SCO in clinical studies reporting
on the single plane technique with the To-
moFix implant, no bone healing problems
have been reported with a standard reha-
hilitation protocol consisting of 6-8 weeks
of partial weight bearing [37, 47], Clini-
cal results seem to correlate with the bio-
mechanical observations concerning con-
struct fixation strength and the biplane os-
teotomy technigue. Van Heerwaarden et
al, [47] reported no Joss of correction re-
lated to the implant and no failures of fix-
atlon material in 59 single plane osteoto-
mies fixated with the Tomafix plate, Preil-
ing etal. [37] veported on 60 medial clos-
ing wedgc osteotomies half of which were
biplane and found three nonuniens over-
all, none of which were related to implant
fallure,

However, after introduction of the bi-
plane technique a faster recovery of knee
function was observed by the current au-
thors as compared with the single plane
pattent groups, patients themselves In-
creased the amount of weight bearing
within the flest 5 weeks after the osteoto-
my as they experlenced sufficient stability
to allow full weight-bearing,

Although Brinkman et al. [20] demon-
strated that the biplane OT is much more
stable than slngle plane OT under axial
loads, they did find torsional stablity to
be slightly decrensed. Therefore postoper-
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atively physical activities, which produce
high torslon loads on the femur, are prob-
ably best avoided until bone healing has
been ohserved,

The use of braces to improve stability
and protect the osteotomy has been docu-
mented by various authors, Healy et al, [9}
used a brace if the fixation of the osteoto-
my was questionable, Wang et al, [7] and
Miniaci et al. {51] both also used braces.
Allthree anthors in their series of patients
used an angled blade plate for fixation and
a limited weight-beartng protocol initially,
varying from non-welght bearing to toe-
touch for 6 weeks, Full welght bearing was
allowed after 12 weeks or if ¢lear signs of
consolidation were present on follow-up
radiographs,

Based on the results of the blomechan-
ical studies [20, 53, 54] and clinleal experi-
ence a clinical study has been started using
early full weight-bearing (after 2 weeks)
and a hinged brace preventing torsional
loading until fitll bone healing in patients
after biplane medial closing-wedge SCC
fixated with the Tomofix implant [57], For
lateral opening-wedge SCO patients reha-
bilitation should be more careful because
the osteotomny construct is less stable [14]
and bone healing is slower [12, 37, 58).

Bone healing in SCO

The gencral principles of bone healing ap-
ply to closing-wedge osteotomies, which

can be considered optimally controlled
fractures treated according to standard
protocols for fracture treatment, with ra-
diographs taken at regular intervals to
monitor bone healing, Bone healing in
closing wedge ostetormnies however may
be faster than in fractures if initial stabil-
ity is optimal because the hinge point re-
mained intact, Bone heallng in the dis-
tal femuy then is normally complete after
6-8 weeks (O Flg. 5), Methods to prevent
hinge point fracture are careful clearance
of uneven saw cut surfaces and bone rem-
nants after wedge removal, weakening of
the lateral cartex before clasure by chis-
els o1 small bur holes, and a slow paced
wedge closure, Initial stability can be fur-
thermore optimised by uslng oblique saw
cuts and by compressing the osteotomy
using either a compression device or the
compression screw technique (O Flg, 4),
Similar fo fractures, bone heallng in os-
teotornies s slowed by smoking and in-
stability, insufficient implant Fixation
strength and/or hinge [racture,

Van Heerwaarden et al. [53] studled
bone geometry and wedge volume af-
ter SCO, comparing lateral open and sin-
gle and biplane medtal closing techniques
and found the biplane medial closing
wedge SCO to have the best bone healing
potential compared to other SCO tech-
niques. They found that using the biplane
technique a smaller wedge volume and a
larger bone surface contact area are creat-




ed, arguing that this would improve bone
healing and stabitity (@ Fig. 5,

In the lateral opening-wedge tech-
nique concerns exist regarding the stabil-
ity of fixation and abilily of the construct
to retain the correclion. Bone healing has
been docunented 1o talee longer, time to
full weight bearlng is longer and often an
iliac crest graft is needed to fill the defect
[13,19, 47, 58], Vacious authors could not
recomimend this technique because of a
large number of nonunions and iliotib-
1al band irritation because of plate loca-
tion [13, 58],

Conclusion

Varus supracondylar osteotorny is a via-
hle treatment optlon for a well-deflned
patient group sufferIng from valgus ma-
falignment and lateral compartment os-
teoarthritis, and tn addition may be con-
sidered in figamentous imbalance and
lateral patellofemoral malteacking, The
new biplane osteotomy technlque flxat-
ed with an LCP js very stable, bone heal-
ing potential s optimal using this tech-
nigue, and takes 6-8 weeks. Full weight
bearing before full bone healing is possi-
ble without loss of correction.
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