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INTRODUCTION

Bafore total Imee arthroplasty (TEA) bacame a successfil technique in tha 1970z, osteotomies wera the main treatment option for unicompartmental arthritis, espacially in the oldar population (1). As techmigues mproved, TEA bacame the defimtive surzical option for an aging patient with symptomatic ostecarthritis (OA), while ostectomias were
parformed less frequently due to unpradictable outcomes and the demanding nature of the procedure. However, cstaotomiss reemerged in the early 1990s a: a treatment option for young patients with unicompartmental arthritis after various studies showed good results from kigh tibial ostectomy (HTO) (2,3).

The kmes jomt exparisncss tos to four times body weizht when ambulatime. Apprecomately 75% of this load 1= on the medizl compartrment m the singls lee stance phasa of gart, and this 15 exacerbated with vams deformity. On the other hand with 6 degress of mechameal valzns, only 40% of this load 1= transmitted throush the medial compartment.
Thus, the goal of the ostectomy is to correct the angular deformity of the knee (whether valgus or varus deformity) and decrease the abnormal load on the affected tibiofemoral compartment, thereby allowing the voung patient to return to activities, while hopefully avoiding or at least delaying TEA Even minimal angular deformities in the coronal and
sa=ittal planes can canse a siznificant incrazse in forces to the tibiofernorzl compartments (3.3). It has bean shown that offloading the affected compartment laads to articular cartilaze recovery and a decrease in symptoms (6). In this chapter, HTO and distal famur osteotonny (DFQ) for treatment of vams and valzus knee conditions, respactively, are
discuszad.

HIGH TIBIAL OSTEOTOMY

Indications

The primary indication for HTO i= symptomatic isolated medial compartment OA i a youne, physically active patient with vars Imes malalisnment (7-5), and a successfil cutcome depends on proper patient selection. Important factors to considar whan considering HTO are age, smoking status, kmes range of motion, degres of deformity, body mass index
(BMI), and quality of the memisei and cartilage. Classic indications for HTO meluda patients EEEd 40 to 60 vears, at least 10 deerees of proximal tibial varus, zoo0d knee ranze of motion with <10 desrees flexion contrachura, BMI of <30, nonsmokers, and relatively well-preserved lateral compartment cartilase and meniscr. In 2005, the Infernational Society
of Arthroscopy, Enee Surgery, and Orthopaedic Sports Medicine (ISAKOS) created guidelines for patient selection when considering an HTO (Tzble 46-1) (10). Since that time, guidalines have evolved and expanded to include patients 240 years ufage or =60 vears of age, patients with flexion contractures up to 23 dagrees, and U‘.EEI\."EI.EhtPGDEﬂtE (13,14).
Additionally, studies have demonstrated that a tibral bone vams ansle (TBVA) > 5 desrees is 2 =ood proznostic factor for success (15). HTO can be performed concomitantly with lizamentous reconstruction, cartilaze restoration. and meniscal transplant (16-19).

TABLE 46-1 Patient Selection Criteria for High Tibial Osteotomy (HTO)

Indications (10) Relative Indications (11) Contraindications (10-12)

Young age (40-60 y) ACL, PCL, ar PLE insufficiency Obesity {EMI = 301

|solated medial joint ling pain Age (G0—70yor <40 y) Bi- or tricompartmental
asteoarthritis

Body mass index (BMI) < 30 Moderate patellofemoral arthritis Flexion confractre =25 degrees

High activity level Flexian confracture of 15-25 degrees Prior lateral meniscectarmy

Tibial mechanical axis deformity Knee arc of mation

=h dagress <120 degrees

Monsmoker Inflammatory asteocarthritis

Mo lateral or patellofemoral pain

Flexion contracture <15 degrees

A chart demonstrating the indications, relative indications, and contradictions for ost=otomy ==t forth by the Infernationa] Socisty of Arthroscopy, Knes Surgery, and Orthopeedic Sports Medicine (ISAEOS), a: well 25 varions recent studies (10-12).

“Relative contraindicaion.

Contraindications

Thara are sirict criteria whan salactimg the 1deal patient for an HTO. The contramdications are listed mm Tabla 46-1. Althoush mdications contimis to expand, age =63 to 70 vears iz a relattve confraindication Smoking cessation shonld be encouraged bafore surgary dus to sk of nommion and woimd breakdows (20). An are of motion <120 degress 15 a nsk
factor for early failure, especially flexion contractures >10 desrees (21), 2= well as inflammatory arthritis. BAII remains a controversial confraindication, as some studies have indicated greater failure rates in heavier patients, while others have reported higher failure rates in lean patients (1,21-23). However, since obesity has a negative effect on orthopedic
surgery in zaneral a BMI = 30 is considered a relative contramdication, and other aspects of the patisnt's health should be taken into consideration Lastly, arthritis or prior total meniscectomy in the lateral compartment is 2 contraindication, since the procedure will offload the medial compartment and place more strass on the lateral compartment (213

Preoperative Planning

Precise precperative planning is crucial to obtain safisfactory outcomes and avoid undercorrection or overcorrection. The degree of comrection will rely on the amount of mechanical axis deviation in the lower extramity, 2s datermined precperatively via full-langth standing radiographs. This includes selecting a specific wedge angle to match the angular
deformity and addins this specific angle to the desired overcormrection or undercorrection (24). Additionally, the condition of the three compartments, 25 well as the bony morphology of the patient, will help determine whether an openme-wedze or closinz-wedze osteotomy is performad. Masnetic rasonance imasing can be very halpful to determine the
extent of cartila=e damase. 3= well as concomitant lizamentous injuries.

A complate radiographic evahistion should be obtained, including weight-bearing anteroposterior or postercanterior views, suanise view; lateral radiograph of the imohred kmee, intercondylar notch view, and full-langth hip-to-ankle standing views of both lower extremities. All three compartments must ba chacked for sizns of OA The patella height
neads to be assessed presperatively on the lataral view, as patella baja can cccur after both medial openine-wedze and lateral closing-wedze HTO (235). Additionally, tibial slope mmst be mezsured on this view to ensure that a biplanar ostectorny does not need to be performed, especially in combination with antarior cruciate ligament (ACL) or postarsor
cruciate lizament (PCL) injuries. Lateral tibial platean slope has heen found to averaze between 5 and T desrees [26), and a recent study demonstrated that m.cream.nztheﬁhlal slope canses an anterior shift in the tibizl resting position inder axial loads {27 28). Thus, an ACT.-deficient knee would benefit from a decreased tibial slope, while increasme tibial
skope would halp protect 2 PCL-deficient knee.

The full-length standing radiographs wall assist wath calculating the mechamical ams (24). Mamy methods have been descnbed, but most aim to correct the mechanical femorotibial amis to 3 to 6 degrees of valzus, or the anatomic femorohbial aas to 6 to 15 dasrees of valzus. The authors’ preferred techmigue 1s to use the weight-bearms line (WEL)
method to comrect the angular defonmity, as described by Moves ot al. and Mindaci et al. Th.lsted:lm.qu.e appropriately accounts for the tibizl and famoral length nsing full-lensth weight-bearing films (%), To use this method, the mechanical axis WBL is first drawn, which goes fmmthecsnrerofthe famoral head to the center of the talus. In 2 normally
alisned knee, this line passes throush the medial aspect of the lateral tibial spine, althoush in patients with varus deformity, the WEL will pass throuzh or ‘medial to the madial compartment Next, the WBL i= adjusted such that it passes through the tibial platean at approximately 62% to 66% of the medial to lateral width of the platean. This usually
corresponds with the lateral aspect of the lateral tibial spine (29), which approximates a desired 3 to 5 desress valsus mechanical axis. A line 1s then drawn from the distal point of that line, at the level of the tibsotalar jomt, up to the proximal tibial hinge point of the plarmed ostectomy, andba.cl:dm\'ntulheeen‘tm' of the talus. The angle subtended by these
lines reprasents the degree of comection needed to correct the angular deformity (Fig. 46-1). This degree of correction is then templated on the proximal tibiz, and the distance of wedze opening (or closing) s measured. Several authors have suggested slight overcorraction nto valzus due to reports of loss of reduction into varus with undercorrection
(1.24.30). However, it 1s important to consider the anastomic ali=nment of the contralateral limb. Overcomraction without addressing the contralateral knee could result in 2 windswept deformity, which is poorly tolerated by patisnts. IFbiplanar corraction is warranted, the sa=ittal plane correction should be taken into consideration with the final wedze anele to
address both deformities with one carrective surgery.
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FIGURE 46-1 Preoperative planning for opening-wedge high tibial osteotomy. Full-length, weight-bearing alignment films show varus malalignment of the right knee. A: The weight-bearing line is shown in d/ue and passes through the medial compartment, consistent with this patient’s varus deformity. The dashed line
shows the preferred weight-bearing line passing through the lateral aspect of the lateral tibial spine, or about 62% to 66% of the medial to lateral distance of the proximal tibia. B: Lines are drawn from the modified weight-bearing Iine at the level of the tibiotalar joint, to the planned hinge point at the lateral proximal tibia,
and back down to the center of the tibiotalar jomnt. The angle formed by these lines (shown in yellow) is the correction angle needed to restore ideal knee alignment. C: The correction angle is superimposed over the osteotomy site, and the needed distraction distance of the medial tibia can be calculated as the distance from
point “a” to point “5.”

Surgical Technique
The medial opening-wedze and lateral closing-wedze HTO are ideal for valgization of proximal tibia varus. Diagnostic arthroscopy can be utilizad to venify 1scal, chondral, and igamentous structures prior to mitiating the osteotomy.
Osteotomy-spacific mstruments needad:

Oscillating saw with wide saw blade and 2 blade lensth of approximately  cm
Se'ezlﬂatosteowmesﬁom 10 to 20 mm in width

=L R
®

Allograft bone \vedge (optional)
Medial Opening-Wedge High Tibial Osteotomy

Thepahenhsposmonedsmnemthatommqm@zndalztenllezholdazndfootrest The authors prefer performing the procedurs without i inflated The knee 1= positioned at 70 to 50 degrees of flexion during portions of the case. After optional di tic arth lmdmzxkszedzn\nmednl)o line, pes ansermus, and tibial

v. The 1 made ] )6t08unmlenzthbehveendxemedxaledgeof&eﬁbul b ity and post dial edge of the tibia, mferior to the joint surface (Fiz. 467_-\)Thesupmorbordzof&epesansamusudusededmdrmdeddxstzﬂxmm superficial fibers of the MCL. Blunt dissaction allows
placemmtofal‘{ohmannrevactormderthesupe:ﬁcul\(CLandbehmd&Apostmorhhalndge, safaly retrmgthe\ICLmdmtectmgtheneum\m\ﬂstms. Limited release of the distal portion of the superficial MCL halps to relieve joint tension and improve medial compartment inloading (29). The superior edge of the patellar insertion at the
tubercle should also be identified and bluntly exposed. This can be marked with a curved hemostat placed between the tibia and tendon at the msertion.

A

FIGURE 46-2 Opening-wedge high tibial osteotomy. Intraoperative picture of a right knee during high tibial ostectomy. A: The exposure has provided adequate access to the tibia, and the planned bone cuts of a biplanar osteotomy are sketched with a surgical marker. B: Two parallel pins provide a cutting template for the
saw blade. The pins are placed parallel and 2 to 3 cm apart.



With the lmee i full extension, two 2.3-mm guidewires ara iserted into the medial tibia 3.5 to 4.0 cm below the medial joint line and aimad obliquely toward the most superior aspact of the fibular head (the planned hinge point). The posterior wire is placed first, and 2 second wire is placed parallel in the coronal plane, with a 2- to 3-cm anteropostarior
distance between them (Fiz. 46-2B). The starting pomts and trajectory zecheckedomntnopaam'eﬁwoscop\ Itlspzrammthzttheﬂuomecap\ mage 1z 2 true AP of the knee_ wath the knee in full extension, :ndoxa'lzpoftbehb-ﬁbjomsmhtbxonetbndoftheﬁhhrha:dxsma‘hppedb) the tibia. Each wire should be docked in the far cortex but
not protruding through it. The wires and planned saw cut should ba positionad such that there 1s ad for the imal row of locking screws and the most proximal shaft screw of the plate. The approximate d of the osteotomy cut can be d using a third zuide pin, which 1z placed adjacent to one or both of the existing
zuldepm;usttuthgthenezcortmThedxstzncebetwemtheerposedends,<lcm,umxkedonﬂ:esawbhde

Thekneeshmldnonbeplxedm%degeaofﬂmom and the planned cut line should be marked out with 2 Bovie or surgical marker on the medial tibia prior to initiating the cut. The anterior ascending osteotomy should be marked at an angle of approximately 110 desrees and should exit the anterior tibiz just proximal to the patellar msertion. This
anterior ut should intersect the mam cut Iine 1.5 to 2 cm posterior to the anterior border.

Thgosteotom\ ustzrtedwlth oscillating saw directly below the guidewires, using the wires as a saw guide to direct the blade. It is important to stop the cut 1 cm medial to the lateral cortex, as breach of this cortex leads to instability and higher nonunion rates. ]udnmsuseofmezmnmﬂ:stmlesalmemmemheaosteoneuossﬁmntbem
Tbeposterwrm'othndsof&eubuucmﬁrsgmﬂobmmrarxtonmechngﬁeponmmmskmnns When the posterior cortical cut 13 complate, there will be noticeable loss of resistance to the saw blade. The anterior ascending cut 13 then leted. To zvoid P or fracture of the lateral cortex, osteotomes should be
added i a stepwise fashion to distract and open the v. Most systems provide instrumentation that allows for precise opening fthe steotomy to d with the p iva templating. Ifﬂsedbulslopeutomanmhznzed,ltmnnpwumtodxsumtheoweotomx equzll\ m the anterior and posterior sactions of the cut. In cases
ofbxplzn:reorrechon,ﬂ:edegreeofdxstnchoncmbevmedtoache\elhedgsnedletelofﬁbnlslope djustr For mstance, in the ACL-1 h:eemthmcreasedtibulslope theosteowan\ can be distracted more posteriorly than anteriorly, effectivaly decreasing the tibial slope. Bone graft can be contourad accordingly or placed only m the posterior
portion of the osteotomy. The opp mbeusedmpzhentsmtbp(ldeﬁcnmc}anddecmsedhbulslope Mheeungmplmdmﬁﬂlmmdmmxeﬂmmscmorndmgzphs:reusedtoe\-aluztethezhgnmm Fmezdjusuna:tsmmzdeasneeded

Onceconecbonlszche\ed.mtemzlplzteﬁxznouupaformed:\pmuphcedﬂxwzhﬁ:emddlepwnmalhole,zndposmouofd:eplztexscmﬁxmedlmduC-xmAbﬂcomulsamlsplzceddmmghtheﬁrstboledlst]todwosteotumy to reduce the plate to the bone. The proximal scraws are placed under fluoroscopy to avoid violation of the
plateau. Often plates will nclude a spacer ent that provides rigid distraction at the cortical region of the osteotomy, though salection of hardware is based on surgeon prefarance. Bone graftimg is then parformed m cases of large defects (>8-10 mm). The zuthors’ preﬁe:mdmeﬁodofﬁxzhmxsahxgeﬁagmmtpwmmﬂﬁbulphﬁe“ﬁnm“ of
lochngscre\nprﬁ:ﬂxfualh bchn(}g_zndﬁcjr)hczlsmopﬁommtheshzﬁporhmoftheplzte(?m 46-3). These larger plates have shown improved performance in biomechanical testing than the shorter “spacer” plates, as they provide 2 long, ngid lever arm with angle-stable locking screws (29). The locking serews should not protrude past the lateral
cortex to prevent ware imitation (Fig.
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FIGURE 46-3 Opening-wedge high tibial osteotomy. A: Insertion of bone graft into posterior aspect of the left knee high tibial osteotomy. An osteotomy spreader is located anterior to the plate and maintaining adequate distraction for graft placement. B: Final result after graft placement and hardware fixation of right knee
high tibial osteotomy.
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FIGURE 46-4 Postoperative images from opening-wedge high tibial osteotomy. Anteroposterior (A) and lateral (B) radiographs 9 months after high tibial osteotomy demonstrating complete healing of the osteotomy and incorporation of bone graft. C: Full-length alignment films demonstrate correction of preoperative varus
and symmetry with the contralateral knee.

C

Lateral Closing-Wedge High Tibial Osteotomy

An anterolateral L-zhaped mcision is made centered over Gerdy tubercle; the vertical aspect runs distally along the tibia, and the horizontal aspect runs parallel to, and approximately 1 cm distal to, the joint line toward the fibular head. Exposure of the lateral edze of the tibia i performed with subperiosteal elevation of the proximal anterior leg musculature,
ensuring adequate hemostasis throughout the dissection. The peroneal nerve is identified and proteded throughout the duration of the case. To further expose the osteotomy site, the proximal tibiofibular joint must be addressed. Various options exist, including producing an oblique ostectomy of the fibular head with a curved osteotome, fibular shaft
osteotomy (~10 cm distal to the fibular head), excising the tibiofibular j Jjomt, or fibular head excision. Under fluoroscopic guidance, 2 guidewire is placed transversely from lateral to medial, 2 cm distal to the joint line, until the medial cortex 15 reached A second zuidewire is then placed at a predetermined distance distal to the first guidewire on the lateral
cortex (this distance will correlate with the overall corraction required). It &= driven medially in an oblique direction and cormected with the prior suidewire approximately 1 cm lateral to the medial cortex. This will allow a wedze of bone to be removed while leaving the medial cortex intact during cutting. Cuts are then made with an oscillating saw and
ostectomes along these guidewires, while protecting the soft tissues anteriorly and posteriorly. Once the bone wedge is removed, mild valgus stress should be applied to the site resulting in deformation of the medial cortex and closing of the osteotomy site. If resistance is met, 2 2.0 drill can be used to perforate and increase the plasticity of the medial cortex
without causing overt fracture. The plate is then applied in submuscular fashion and secured into place.



DISTAL FEMUR OSTEOTOMY

Indications

Tha primary indication for opening- or clesing-wadge DFO is 2 patient with considerabla valgus and isclated lateral compartment arthritis (12). The goals of this varus-producing procedure are to correct the knee to within 0 to 2 dagrees differance between the mechanical and anatomic alignment without overcorrecting into vars, minimizing pain and
restoring fimetion (12,31). Smilar to HTO, proper patiant salaction is erucial for optinmal suecess (Table 46-2). Althoush oldar aza is often citad as a contraindication, tha patient’s lifastvle, overall haalth, and soals must be takan into consideration. Chverall, most studies suszest that a DFO should be utilized to freat lateral wnicompartmental O in relatively
youmg patients with well-maintained range 'of motion and early stazes of 04 with a valzus knee deformity (33). Similar to an HTO, lisamentous reconstruction and DFO can be performed concomitantly.

TAELE 46-2 Patient Selection Criteria for Distal Femur Osteotomy (DFO)

Indications (10,12,32) Relative Indications Contraindications (10,12,32)

Young age (40-60 y) Moderate patellofemoral arthritis — Extension deficit >10 degrees

Isolated lateral joint line pain Age (60-70 y or <40y Loss of significant porbion of medial
MENISCUS

Body mass index (BMI) < 30 ACL, PCL, or PLC Insufficiency Medial compariment degenerative
jaint disease

High activity level Bi- or tricompartmental ostecarthritis

Valgus deformity =10 degrees Inflammatory ostecarthitis

Unicompartmantal gonarthrosis Valgus deformity =20 degreas with
subluxation of the tibia

Reconstructive cartilage procedure Qsteonecrosis of lateral femoral

in kateral compartment condyle

Monsmaoker Obesity (BMI = 30)

A chart demorstrating the indications, relative indications, and contradictions for estegtomy s=t forth by the Internationa] Society of Arthroscopy, Enes Burzery, and Orthopaedic Sparts Medicine (TSAKOS), az well 23 various recest smdies (10,12,37).

*Relative contraindication.

Contraindications

Az with zn HTO, tha strict criteria for 2 DFO allow for improved long-tarm outcomes and implant surival. Contraindications are listed in Table 46-2. When lannmzt'haspmcedm&ﬁemnstmxﬂ factors to consider are age, smoldng status, dagrae of deformity, and condition of cartilaze and meniscns in the madial compartment. Thara is no definite age at
which an ostectomy cannot ba performed: howaver, mmmarous stodies hava demonstrated that azs >70 vears is associated with aarly fxilure after ostectomy (12.21,31-33). Severs valzus deformity 20 dagress can be associated with sublizcation of the tibia znd, whan prasant, is an absohite contraindication to DFO (12,31,33). Lateral fomoral condyle
osteonecrosis will continue to cause the patient pain after a DFO, even with the resultant balanced load distribution, and hence is an absolute contraindication {1"31) Simce the goal of 2 DFO i to offload the lateral compartment and improve pain, the meniscus and cartilaze in the medial compartment must be relatively preserved in order to bear a greater
lozd.

Preoperative Planning

Careful and meticulous precperative planning are paramount for successful outcomes after DFO. The valgus extramity should not be ovarcorrected into varus, with 2 geal of  to 2 dagrees diffsrence between the mechanical and anatomic axas (31). A full radiographic evaluation, 2: deseribed in the section above, should be perfonmed. Foll-length standing
radioeraphs are needed to fully assess the deformity. The mechanical axis line, or WBL, is first dravwn, which indicates where the majority of the load is concentrated in the kmee Then_ as described previously, a reference point is chosen on the tibial platean that approximates neutral ali=nment (24). This referance point is 48% to 50% the width of the tibial
plztean as measured from the medial aspect. Two lmes are drawn, one from the center of the femoral head to the reference point and the second one from the reference point to the center of the talus. The ansle at which these two lines intersect represents the degree of fization needed without evercorrecting into varus (Fiz. 46-5). The size of the wedge can
then be determined by measurins the width of the femur at the site of the proposed osteotonty. Both 2 lateral openinz-wedge and medial closm=-wedse osteotonny can be performed, althouzh the lateral opamns-wedee i= more common. However, one study demonstrated that a medial closins-wedze osteotomy decreasss the risk of nommion in smokers and
ohase patients (34). Fixation of femoral deformities in the sagittal plane have vet to be described.
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FIGURE 46-5 Preoperative planning for closing-wedge distal femoral osteotomy. A: The weight-bearing line (biue fing) passes through the lateral compartment in this patient with valgus malalimnment and symptomatic isolated lateral compartment arthritis. B: The correction angle iz calculated by drawing a line (dbtted
Ime) from the center ufthe femoral head that passes through a point located at 50% of the medial to lateral width of the tibial articular surface. A separate line (yellow Jing) is drawn from the center of the tibial talar joint and passing through 30% of the tibial articular surface width at the knee. The angle (*) subtended by these
lines can then be measured out on the planned ostectomy site (C) to identify the planned bone cuts.

Surgical Technique

Ophmal surgical techmiqus starts with thorongh preoperative plarming, including review of full-lansth weizht-hearms films and plan for amount of sursical correction, a5 well as reversal of any patisnt-modifiabls nizk factors. A preoperatrve decizsion shonld alse be made rezarding the intendsd fixation stratezy; whether a T-zhaped tooth plats, 2 mors robust
locking plate, or a fixed angle blade plate is used will depend upon surzecn preference, whether the patient has sufficient soft tizsne coveraze such that a higher profile plate will not be symptomatic, and/or whether earlier weight bearing will be allowed.

Medial Closing-Wedge Distal Femur Osteotomy

The patient 15 placed m the supine position. A longitudinal neision of approxmmately 10 cm 1s made just medial to the anterior mudlme of the knee. A larze medial flap of skin and soft fissue superficial to the fascia is created with blunt dissection and elsctrocantery, isolating the vastus madialis mmscle. Once isclated, the faseia 1s opened m longindinal
fashion. Utilizing this approach, the mediz] patellofemoral lizament must be split and subsaquently repaired at the conclusion of the case, prior to lavered closure. The vastus medialis is elevated, and 2 Hohmamm retractor is placed across the anterior aspect of the fenur. 4 key to this procedure is to dissect in a precize, lzyered fzshion as the muscles are
elavated to avoid aberrant bleedine from desp perforatine arteries of the muscle. Once the distal famur is exposed, 2 suide pin is inserted mder finoroscopic snidance. The pin should be aiming at the metaphyseal comer of the lateral condvle and raach, but not perforate, the far cortex. A second pm s inserted parallel and just posterior to the first pin. These
pmspcrmldet'beplamfmiﬂeos.c]]]atmasan to create the osteotomy. Before making the osteotomy cut, rotation needs to be established and marked on the bone to @void malrotation. This can be done by using the Bovie and making a vertical line alons the bone, crossing the ostectomy site, allowing the linss to be realizned after the cut. The cut should stop
1 cm short of the far cortex. The second cut is made at a predatermined distance proximal to the onzinal cut (his distance will correlate with the overall comraction required). The saw should cormect with the orizinal osteotomy cut, so that 2 wed=e of bone can be ramoved while leaving the lateral cortex intact. This comversion point should be approximatsly
1 cm medial to the lateral cortexc. Once the bone wedze 1s removed, mild varus stress should be applied to the site resulting in deformation of the lateral cortex and closing of the osteotomy site. If resistance is met, a 2.0 drill can be used to perforate and increase the plasticity of the lateral cortex without causing overt fracture. The plate is then applied in
submmscular fashion, and a smooth k-wire used to hold the plate in place. Typically, a cortical screw ﬁ:pphadto:{pwmmalhnle in the plate parmitting for the plate to sit flnsh alons the femoral shaft Then locking screws are insarted in the distal seemant, securing the plats. Remaining holes are filled with locking or cortical screws as indicated (Fizs. 46-6
and 46-T). Final screw lensth and location is confirmed on fluorescopy at the conclusion of the case.
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FIGURE 46-6 Postoperative radiographs after closing-wedge distal femoral osteotomy. (A) Anteroposterior and (B) lateral radiographs after a medial closing-wedge distal femoral osteotomy. demonstrating correction of the valgus malalignment. The distal screws are locking screws to increase pullout strength in soft
metaphyseal bone. The most distal shaft screw is a cortical screw used to reduce the plate to the bone. The proximal shaft screws can be locking or nenlocking screws.
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FIGURE 46-7 Pre- and postoperative radiographs after combined femoral and tibial osteotomy. A: Preoperative radiographs demonstrate a severe varus deformity that includes the distal femur and the proximal tibia. In these cases of severe deformity, addressing either the femur or tibia in isolation will not adequately
correct the alignment. B: Postoperative radiographs demonstrating the medial opening-wedge distal femoral osteotomy and the medial opening-wedge high tibial osteotomy. Addressing both the tibial and femoral deformities resulted in correction of the patient’s significant varus.

Lateral Opening-Wedge Distal Femur Osteotomy

Surgery 15 mitiated with an approximately 12-cm incision starting from the lateral femoral epicondyle. Once the lateral femoral cortex is located, leaving the jomnt capsule intact, a freehand guidewire is drilled in a proximal to distal trajectory with the acuity of the angle based on the amount of correction required. Under fluoroscopic guidance, an oscillating
saw should be usad to start the osteotomy while wedze ostectomes are used in progre: fashion to “open” the osteotomy site. Dapanding on host factors, approximataly 1 cm of medial hinge should be laft mtact to preserve stability at the ostectomy site and decr rate of nonunion with a lateral-based plate for final fixation. Postoperative protocols are
vaniable depending upon host factors and surgeon preference, but should generally consist of venous thromboembolism (VTE) prophylaxis, early range of motion and/or continuous passive motion (CPM) device, and non—weight bearmg for approximately 6 to 8 weeks with resolution of full weight bearing at 8 to 10 weeks.




POSTOPERATIVE COURSE

Patients are made limited weight bearing for 6 weeks after surgery. Recent studies have suggested improved outcomes with early weight bearing (35), although this should be avoided in cases where the far cortex (hinge point) is breached. Mobilization and range of motion exercises are initiated on postoperative day 1, and sutures are removed after 7 to 10
days. Chemical thromboembolism pruph\]ams is prescribed for 3'to 6 weeks. Bone healing can be assessed radiographically, and usually occurs from the bony hinge outwand in cpening-wedse osteotonties. Some bone resorption may be present around weeks 3 to 4, but approximately 33% of the osteotomy surface area should be healed at 6 weeks, and over
50% 2t 3 months. Hardware removal is safe after 90% healine, and not prior to 6 months. Micotine use will significanthy prolone these milestones (29).

PEARLS AND PITFALLS
“Paarls” for success with corrective osteotomies cenfer upon use of a repeatable and consistant pre-, intra- and pestoperative plan. Firstly, thorouzh examination and patient selaction must be performed prior to surgery. Strict indications {see abova) must be adhered to for the optimization of pain relisf and fimctional cuteome, and the overall suecess of the
procedure. Once the patient has been carafully selected, all modifiable risk factors (zmoldng, blood glucose, weight loss, ete.) should be addressed and the patient should be optimized for surgery. Careful preoperative planning should take mfo account the overall magnitude of deformity, th;e desirad correction, and the location of ostectomy to reduce

imtracperative adjustments and oparative time. Once thiz plan has been carefully established thers should be no deviation during the surgery. This may lead to an increased rate of under- or overcorrection, and/or increass the risk of medial cortex disraption. Finally, adherence to tbeArberlsgem.emha.ﬂ fir Osteosynthesefrazen (AQ) prnciplas for fracture
fixation, including restoration of anatony, stable fracture fixation, preservation of blood supply, and early mobilization of the limb and patient will improve the rapeatability and overall success of this procedure while reducing complication rates.

COMPLICATIONS

With completion of closing- and opening-wedge osteotomies, close attention must be paid to the aveidance and/or correction of any fra- or postoperative complications. As noted in the fechnigue section, it is desirabla for the surgeon to maintain 3 mediallateral bone bridge or intact cortex to “hinge™ the cetectonry—this provides for enhanced rigidity and
decreased rates of nommion However, frachura of the cortex may occur during the operative cuts or during the openins/closing of the osteotomy site. Addressing this frachure requires close attention to cortical reads on intra-op fluoroscopy, avoiding malraduction and/or rotation by visualizing the ostectomy site and checkings the reduction &t multiple
imtervals during plate and screw application. Weight-bearing protocols may vary on a surseon-to-surseon basis after disruption of the far cortex. In some cases, a separate incision and fixation of the cortical breach is nesdad. Under- or overcorrection at the osteotomy site may occur. Close attention must be paid to praoperztive planning principles, 2z well as
during intracperative pin and pmdewire placement prior to making final cut and apphying lzterzl-based plates. Iatrozenic infury to the articular surface or lateral-based lizaments is rare but mmst be zddressed mtraoperatively and repaired as approprizte. Deep vein thrombosis (DVT) 15 a sizmficant complication that mnst be treated m the event of
postoperative socurrence. Appropriate mechanical and chemical proplylzcs must ba usad n the immediate postoperatnce period, and early mobilization protocols may also reduee the overall risk. Low molacular weizht haparin (Lovenox) may be used for 30 days post-op a5 indicated in patients with increased risk of DVT.

OUTCOMES

Long-term follow-up studies have shown that HTO results in good cuteomes and overall survival of »50% at 18 years (5). Furthermore, over 35% of patients retumn to work and'or sports, and most return to the same or greater level of activity. Of those retuming to sports, 78.6% retumed at an equal or graater level. Among competitive athletes, 34% retumed
to compatition (36), 90% of patients retuming to work or sport did so by 1 year, and 63.5% retumned at an equal or greater level (36). However, other studies have suzzested excellent early results that deteriorate a 10-~vear time period, especially when performed with concomitant cartilzge procadures an. A comparizon of patients with TKA after
a presaous HTO reported similar results to patients with primary TEA and no hestory of HTO (38). In voung patients with varus deformity and medial compartment arthritis. HTO has bean shown fo be cost-effactive compared to TEA. Similarly, studies have shown zood finctional outcomes and improvements m patient-raported outcomes at 10 years, with
an approwmimately 23% comversion to TEA at 2 mean of 6 years (35). A systematic review of both closinz- and opening-wedze DFO reported 80% survivorship at 10 vears with a low complication rate (40). A systematic review comparine standard HTO to HTO with computer navization found that navizated HTO resulted i improved mechznical axis
correction, although there were no significant diffsrences m clinical outeomes (417

SUMMARY

Diztal femoral or proximal tibial cstectomy is 2 good option for knee preservation in patients with unicompartmental gonarthritis with asseciated tibicfmnoral malalizmmant. While patient salection and technical precision is key, osteotomy of the knes can improve patient fimetion, decrease pain symptoms, facilitate return to work or sport, and provide 2
meanin=ful delay {or complate avoidance) of a more complex arthroplasty procedure. Knee ostectomy proceduras should be stronsly considered in vouns, active patients with knee arthritis solated to a sinsle cormpartment and an accompanyins varus or valzus deformity.
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