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          24.1   Introduction 

 Anterior cruciate ligament (ACL) de fi ciency in 
the setting of underlying lower extremity mala-
lignment poses a special clinical challenge for 
surgeons because of the myriad considerations 
required to reconstruct a stable, durable, and 
functional knee. Many clinical and biomechani-
cal studies have examined soft-tissue reconstruc-
tions for ACL de fi ciency, often without 
consideration for global coronal and/or sagittal 
plane deformities. Although their relative contri-
butions continue to be debated, malalignment 
and ACL de fi ciency, both independently and in 
combination, can contribute to abnormal knee 
kinematics, which may hasten the development 
of osteoarthritis  [  7,   22,   29,   40  ] . Therefore, when 
considering a soft-tissue reconstruction, con-
comitant assessment of overall alignment is par-
amount to restoring a functional limb. Several 
authors have noted that soft-tissue procedures 
alone have a propensity for failure if concomi-
tant malalignment, particularly varus, is not 
addressed  [  32,   34  ] . 

 In patients with lower extremity varus mala-
lignment and medial compartment gonarthro-
sis, high tibial osteotomy (HTO) for deformity 
correction has been associated with delayed 
progression of arthritis and improved clinical 
outcomes, especially in patients under 50 years 
of age  [  8,   16,   18,   31  ] . In the younger patient 
with ACL de fi ciency and malalignment, HTO 
in concert with ACL reconstruction (either 
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concomitantly or staged) has been shown to 
improve both knee pain and instability  [  5,   10, 
  24,   33  ] . These procedures, performed in con-
cert, can offset the repetitive abnormal stresses 
associated with soft-tissue reconstructions in 
isolation.  

    24.2   ACL De fi ciency and Coronal 
Plane Malalignment 

 There is a direct relationship between varus mala-
lignment and ACL tension  [  26,   27,   44  ] . In an 
examination of cadaveric knees loaded in increas-
ing degrees of varus, van de Pol et al.  [  44  ]  noted 
tensile forces in the ACL increased from 37.9 to 
53.9N. With subsequent resection of the ACL, 
these same knees demonstrated increasing lateral 
opening and developed a visible varus thrust with 
increasing stresses. 

 Noyes et al. have previously described pri-
mary-, double-, and triple-varus knee syn-
dromes  [  33  ] .  Primary varus  is de fi ned by a 
shift of the weight-bearing axis stemming from 
medial compartment narrowing due to menis-
cal loss or chondral damage. With progres-
sive medial compartment narrowing, a  double 
varus  condition develops as the posterolateral 
restraints become lax, leading to separation 
of the lateral tibiofemoral articulation. As the 
varus malalignment becomes more chronic, a 
hyperextension varus-recurvatum deformity 
develops. This constellation is referred to as 
 triple varus . Although reconstruction of the 
ACL in a triple-varus knee will alleviate the 
anterior tibial translation, the underlying varus 
is not addressed, and consequently, stresses on 
the reconstructed ACL will be high. High tibial 
osteotomy in concert with ACL reconstruction 
can address the triple-varus deformity constella-
tion and minimize stresses on the reconstructed 
ligament. Additionally, this hyperextension 
varus-recurvatum deformity can also be accen-
tuated by concomitant posterior cruciate liga-
ment (PCL) and posterolateral corner injuries, 
requiring special attention and consideration of 
high tibial osteotomy in the care of multiliga-
mentous instability  [  23,   25  ] .  

    24.3   ACL De fi ciency and Sagittal 
Plane Malalignment 

 Sagittal plane malalignment, such as variations in 
posterior tibial slope, also has implications for 
instability in cruciate de fi ciency. After ACL 
reconstruction and simultaneous high tibial 
osteotomy, DeJour et al.  [  10  ]  noted that postoper-
ative tibial translation was associated with tibial 
slope. They found a signi fi cant positive correla-
tion between anterior tibial translation and increas-
ing posterior tibial slope. Conversely, decreased 
anterior tibial translation was found with lesser 
degrees of posterior tibial slope. Gif fi n et al.  [  15  ]  
further noted increased tibial translation with 
increasing posterior tibial slope but did not dem-
onstrate altered cruciate kinematics. They con-
cluded that inadvertent alterations of tibial slope 
during HTO would not alter knee stability or cru-
ciate forces in situ. These  fi ndings have been sup-
ported by a recent cadaveric study suggesting that 
large variations of tibial slope can in fl uence the 
resting position of the tibiofemoral articulation 
but do not appear to adversely in fl uence the strain 
environment of the ACL  [  12  ] . 

 The posterior tibial slope can be changed by 
distracting the osteotomy more posteriorly or 
anteriorly, which changes the resting position of 
the tibia with respect to the femur. The more pos-
terior slope, the more anterior the resting posi-
tion. Cruciate-intact knees, however, may be less 
susceptible to these alterations  [  12,   15  ] . It is 
unclear how alterations of posterior tibial slope 
affect the integrity of ACL reconstructions in cru-
ciate de fi ciency, and further studies are necessary 
to delineate the true effect of sagittal plane adjust-
ment on cruciate kinematics in high tibial osteot-
omy and ligament reconstruction.  

    24.4   Indications for Osteotomy 

 For more than half a century, high tibial osteot-
omy has been used for correction of lower extrem-
ity malalignment and alleviation of unilateral 
compartment gonarthrosis  [  19–  21  ] . Coventry  [  8  ]  
initially de fi ned indications for high tibial osteot-
omy and suggested that the optimal candidate 
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was relatively active, with a stable knee, good 
range of motion, localized medial compartment 
osteoarthritis, and age less than 65 years. Due to 
concomitant surgical procedures, contemporary 
indications for HTO have expanded to encompass 
coronal and sagittal malalignment, anteroposte-
rior and varus/valgus instability, and ligamentous 
de fi ciency  [  9,   10,   33,   36  ] . In patients with ACL 
insuf fi ciency, symptomatic instability, and coro-
nal and/or sagittal malalignment, the surgeon 
should consider correction of the underlying 
malalignment in addition to soft-tissue recon-
struction  [  5,   9,   10,   14,   15,   24,   33  ] . Table  24.1  
summarizes the author’s indications for osteot-
omy in the setting of instability.  

 When a patient with ACL de fi ciency also pres-
ents with varus overload and medial compartment 
osteoarthritis, conservative care should be opti-
mized, including activity modi fi cation, physical 
therapy, and unloader bracing. When arthritic 
symptoms include sequelae of prior meniscec-
tomy, mechanical axis deviation into the medial 

compartment, and degenerative changes, high 
tibial osteotomy may be indicated (Fig.  24.1 ).  

 Younger, active patients with ACL insuf fi ciency 
and symptomatic instability in the setting of 
underlying or secondary malalignment may be 
candidates for combined ACL/HTO procedures. 
Patients who have undergone previous ACL 
reconstruction, yet maintain an underlying mala-
lignment, may continue to have symptoms of 
pain, instability, and/or laxity. Furthermore, in 
the setting of an unsuccessful soft-tissue recon-
struction, the surgeon must consider failure to 
address an underlying malalignment at the index 
procedure as a contributing factor in graft failure 
 [  32,   34  ] . There is no speci fi c threshold age limit 
for consideration of these procedures, and the 
correct approach must be tailored to the patient’s 
speci fi c activity level and expectations.  

    24.5   Preoperative Evaluation 

 The preoperative evaluation should include a 
detailed medical history, physical examination, 
and appropriate imaging studies. The symptoms 
and age of the patient demand special attention. 
In general, the younger the patient, the more 
active they are likely to be and, therefore, the 
more likely to have true instability from the 
ACL de fi ciency. In the older patient with chronic 

   Table 24.1    The author’s indications for osteotomy, 
based on clinical instability   

 Posterolateral or lateral laxity with varus 
alignment ± thrust 
 Cruciate de fi ciency with varus alignment ± thrust 
 Combined de fi ciency with varus alignment ± thrust 
 Repeat failures of cruciate reconstruction 

  Fig. 24.1    A 42-year old 
female with ACL insuf fi ciency 
and medial compartment 
degeneration from prior 
meniscectomy and long-
 standing varus malalignment       
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ACL de fi ciency, symptoms may be more likely to 
originate from degenerative changes. Such 
patients may bene fi t from HTO in isolation, with-
out the ligamentous reconstruction. Latterman 
and Jakob  [  24  ]  suggested a threshold age of 
40 years for this treatment, as many of their older 
patients did very well with HTO alone, but indi-
vidual treatment should be tailored to individual 
patient needs. The younger patient with mala-
lignment, ACL de fi ciency, and instability would 
likely bene fi t from both procedures. The ACL 
reconstruction and HTO can be done as either a 
single-stage or two-stage procedure. Several 
authors have described either one- or two-stage 
procedures with excellent results  [  2,   4,   5,   10,   24  ] . 
The decision to proceed with single-stage or two-
stage surgery is therefore dependent on surgeon 
preference. However, it should be emphasized 
that correction of malalignment should be the 
minimum surgical treatment or as the initial pro-
cedure in a staged approach. The ACL recon-
struction should be performed secondarily, either 
as the latter half of a combined procedure or as 
the second stage of a two-stage procedure. In the 
setting of malalignment, ACL reconstruction in 
isolation may lead to inferior results, failures, and 
progression of osteoarthritic change  [  32  ] . 

 Bone quality must also be considered, as it 
may be challenging to obtain robust  fi xation in 
patients with osteoporosis and other diseases that 
affect bone density and quality. Consideration 
must also be given to other risk factors for failure, 
including smoking, corticosteroid dependency, 
chronic illness, immunosuppressants, etc. 

 Physical examination  fi ndings that may sup-
port an osteotomy include abnormal gait patterns, 
lateral thrust, limb alignment in stance, joint 
line tenderness, etc. Instability tests including 
Lachman maneuver, pivot shift, anterior drawer, 
and so forth should be documented. Presence of 
the  double-  or  triple-varus  constellations should 
be noted, if present. 

 Radiographic evaluation begins with standard 
knee radiographs, including weight-bearing A/P, 
lateral, posteroanterior tunnel views in 30° 
of  fl exion, and merchant patellar views. The 
 surgeon should assess the extent of knee arthro-
sis, fractures, retained hardware, etc. Lower 

extremity alignment should be assessed with 
weight-bearing long-leg (pelvis to ankle) antero-
posterior views, which have been shown to be a 
simple, reliable, and accurate method for deter-
mining the degree of malalignment  [  17,   35,   38  ] . 
The HTO correction can also be calculated from 
these radiographs according to published tech-
niques  [  11  ] . The mechanical and weight-bearing 
axes are estimated, and the correction to be made 
is then calculated by shifting this axis just lateral 
to the lateral tibial spine, at a point representing 
approximately 62 % of the joint surface as refer-
enced from the medial joint line (Fig.  24.2 ). Care 
must be taken in the patient with a large, severe, 
or complex deformity. In such cases, the accurate 
correction may be dif fi cult to determine. 
Mathematical modeling, although complex, can 
aid in the planning of such osteotomies  [  39  ] .  

 Magnetic resonance imaging (MRI) is a use-
ful adjunct in the evaluation of the patient with 
ACL de fi ciency and malalignment. MRI can pro-
vide the surgeon with useful information regard-
ing subtle osseous abnormalities, soft-tissue 
injury, and meniscal and chondral pathology that 
may be less evident on plain radiographs.  

    24.6   Author’s Preferred Surgical 
Technique 

 The patient is met in the preoperative area and the 
operative site is marked. Preoperative prophylac-
tic intravenous antibiotics are administered. After 
surrendering to anesthesia, the patient is posi-
tioned supine and a tourniquet is placed high on 
the thigh. The limb is then prepared and draped in 
standard fashion (Fig.  24.3 ).  

 We begin with low-pressure arthroscopy of 
the knee to assess the condition of the cartilage 
surfaces and integrity of the menisci. We do not 
perform any meniscal transplantation or cartilage 
resurfacing procedures at the time of this surgery. 
These procedures, if indicated, are performed in 
a staged manner at a later date, with the osteot-
omy being performed  fi rst. At the conclusion of 
arthroscopy, the extremity is exsanguinated, and 
the tourniquet is in fl ated for the balance of the 
osteotomy procedure. 
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 A soft bump is positioned under the leg in 
order to hyperextend the knee and assist with 
closing the osteotomy anteriorly. This serves to 
decrease the tibial slope and therefore anterior 
tibial translation in the ACL-de fi cient knee. 

 A vertical incision is made halfway between 
the patellar ligament and the posterior border of 
the tibia, directly over the pes anserinus insertion. 
Dissection is carried down through skin and sub-
cutaneous tissue to the sartorial fascia (Fig.  24.4 ). 
If a hamstring autograft is to be used for the 
 ultimate ACL reconstruction, the gracilis and 
semitendinosus tendons are harvested at this 

  Fig. 24.2    A case of double varus left knee with a failure 
of previous ACL reconstruction. The patient has both pre-
existing varus alignment and lateral opening of the knee 
on a weight-bearing radiograph. ( a ) The right knee was 
used as a template for the correction of preexisting bony 
alignment. ( b ) The mechanical axis, shown as a short line, 
falls into the center of the medial compartment. The new 
weight-bearing lines are aligned at the point 62.5 % across 

the width of the tibial plateau, extending proximally to the 
center of the hip joint and distally to the center of the tibi-
otalar joint. The size of the opening wedge corresponds to 
the angle between the weight-bearing lines. ( c ) The medial 
opening wedge of the proximal tibia is simulated with res-
toration of the center of the knee joint ( d ) (Figure repro-
duced with permission from Phisitkul et al.  [  36  ] )       

  Fig. 24.3    Patient positioning. The patient is positioned 
supine, with the foot of the bed extended. An arthroscopy 
holder or lateral post is employed such that the knee can 
be  fl exed off the side of the table for the arthroscopic por-
tion of the surgery       
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time. Graft preparation is performed on the back 
table (Figs.  24.5 and 24.6 ).   

 Subperiosteal elevation of the medial collat-
eral ligament (MCL) is performed, and blunt 
retractors are placed anteriorly behind the  patellar 

ligament and posteriorly in front of the hamstring 
tendons and super fi cial MCL. 

 We prefer the medial opening wedge osteot-
omy for several reasons. The medial opening 
wedge procedure avoids a secondary osteotomy 
of the proximal  fi bula with its concomitant risk 
of peroneal nerve and posterolateral corner injury 
 [  6,   23,   43  ] . This technique also allows correc-
tion in both the coronal and sagittal planes, as 
hinging through the intact proximal tibio fi bular 
joint decreases the posterior tibial slope  [  1  ] . 
Furthermore, the medial opening wedge inci-
sion provides access to the hamstring tendons for 
autograft ACL reconstruction, as well as conve-
nient positioning of the tibial tunnel. 

 To perform the medial wedge opening osteot-
omy, a guide wire is inserted into the proximal 
tibia from medial to lateral under  fl uoroscopic 

  Fig. 24.4    Incision. A vertical incision is made halfway 
between the patellar ligament and the posterior border of 
the tibia, directly over the pes anserinus insertion. If a 
hamstring autograft is to be used for the ultimate ACL 
reconstruction, the gracilis and semitendinosus tendons 
are also harvested at this time       

a

b

  Figs. 24.5 and 24.6    Graft preparation. In this case, a 
tibialis anterior allograft was used       

a

b

  Figs. 24.7 and 24.8    Intraoperative  fl uoroscopy. The leg 
can be brought laterally and onto a mini C-arm for 
 radiographic localization       

 

  



28724 The Role of High Tibial Osteotomy in the ACL-Deficient Knee

guidance. This wire is oriented obliquely from 
the superior aspect of the tibial tubercle to a 
point 1 cm below the lateral joint line at the far 
lateral tibial cortex (Figs.  24.7 and 24.8 ). This 
positioning allows the osteotomy to be proximal 
to the patellar ligament insertion on the tibia, 
yet remote enough from the joint to decrease 
the risk of intra-articular fracture. Furthermore, 
this allows the osteotomy to be in the metaphy-
seal region, which is favorable for healing.  

 The osteotomy is performed with an oscillat-
ing saw, oriented just distal to the guide wire 
to avoid intra-articular extension (Fig.  24.9 ). 
Shallow cuts are made with the saw, and the 
osteotomy is subsequently deepened with  fl exible 
and rigid osteotomes, again under  fl uoroscopic 
guidance (Figs.  24.10 and 24.11 ).   

 The osteotomy is then opened with a medial 
wedge to a depth predetermined from preopera-
tive radiographic templating (Figs.  24.12 and 
24.13 ). Femorotibial alignment is then esti-
mated by intraoperative  fl uoroscopy using an 

  Fig. 24.9    Osteotomy preparation. The proximal guide 
wires are in place. Retractors protect the medial and pos-
terior soft-tissue structures as well as the patellar liga-
ment. An oscillating saw is used to make the initial shallow 
cortical cuts       

a

b

  Figs. 24.10 and 24.11    Completion of the osteotomy. 
An osteotome is used to complete the osteotomy, with 
positioning con fi rmed with intraoperative  fl uoroscopy       

a

b

  Figs. 24.12 and 24.13    Opening the osteotomy. 
Temporary wedges (Arthrex, Naples, FL) are employed to 
open the osteotomy in preparation of  fi xation       
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 extramedullary alignment guide. Caution must 
be exercised with these measurements, however, 
as supine non-weight-bearing estimation of the 
axis in obese patients or patients with sizable 
malalignment may not accurately re fl ect the true 
mechanical axis  [  37  ] .  

 The posterior tibial slope is also assessed 
 fl uoroscopically and can be modi fi ed by distract-
ing the osteotomy more anteriorly or posteriorly. 
If there is excessive anterior opening, a tibial 
tubercle osteotomy may be required to advance 
the tubercle to the same height as the osteotomy. 

 With the orientation of the osteotomy com-
plete, an open wedge plating system (Arthrex, 
Naples, FL) is contoured to the bone and  fi xed 
proximally with 6.5-mm cancellous screws and 
distally with 4.5-mm cortical screws. Screw 
placement is con fi rmed with  fl uoroscopy 
(Figs.  24.14, 24.15, and 24.16 ). Corticocancellous 
allograft wedges (harvested from femoral head 
allograft) or synthetic allograft wedges are 
employed to  fi ll the osteotomy site and achieve 
the desired position (Fig.  24.17 ).   

 Having completed the osteotomy, ACL 
 reconstruction then ensues. The osteotomy is 
performed  fi rst to avoid the creation of stress ris-
ers in the ACL tunnels and to also avoid inadver-
tent disruption of the tunnel with the osteotomy. 
Arthroscopic ACL reconstruction is performed 
using standard techniques. We prefer to drill the 
tibial tunnel so that it exits just above the osteotomy 
site, anteromedially. The femoral tunnel is then 
drilled, and the ACL graft is passed (Figs.  24.18 
and 24.19 ). We prefer extracortical button  fi xation 
for femoral  fi xation. The tibial side is secured with 
interference screw  fi xation above the osteotomy 
site, with secondary  fi xation below the osteotomy 

a

b

c

  Figs. 24.14, 24.15, and 24.16    Application of the plate. 
The open wedge plating system (Arthrex, Naples, FL) is 
used to achieve the desired correction, with screw place-
ment con fi rmed with intraoperative  fl uoroscopy       

  Fig. 24.17    Grafting of the osteotomy. Corticocancellous 
or synthetic allograft (pictured) is then packed into the 
osteotomy site       
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if desired/warranted (Figs.  24.20 and 24.21 ). The 
wounds are then closed in layers over a drain.    

    24.7   Postoperative Care 

 The majority of patients stay overnight for pain 
control, serial examinations for evaluation of 
compartment syndrome, and administration of 
prophylactic antibiotics. The knee is immobilized 
in a hinged knee brace. With the brace locked in 
extension, the patient is allowed toe-touch weight 
bearing using crutches or a walker for ambula-
tory assistance. While recumbent, knee range of 
motion is allowed through a 0–90° arc to decrease 
the incidence of postoperative stiffness. Sutures 

are removed within 2 weeks, and radiographs are 
obtained beginning at the 6-week postoperative 
appointment (Figs.  24.22 and 24.23 ). Once there 
is radiographic evidence of bony consolidation, 
the brace is discontinued. Full weight bearing, in 
concert with a formal physical therapy program 
for strengthening, is then initiated. Radiographs 
are repeated at the 10-week postoperative visit, 
and if osseous consolidation has been achieved, 
then sport-speci fi c rehabilitation is initiated.   

    24.8   Complications 

 Surgical and postoperative complications 
af fi liated with HTO include nonunion, hardware 
failure, fracture, infection, prominent/symptom-
atic hardware, peroneal nerve palsy, compartment 
syndrome, vascular injury, thromboembolic 
 disease, and others. Intraoperative fracture of the 

a

b

  Figs. 24.18 and 24.19    Tunnel preparation and graft 
 fi xation. The femoral and tibial tunnels are prepared for 
ACL reconstruction. The ACL graft is passed and secured 
with extracortical button  fi xation on the femoral side and 
with an interference screw on the tibial side,  above  the 
osteotomy site. The free end of the graft can be seen exit-
ing below the osteotomy site       

  Figs. 24.20 and 24.21    Secondary tibial  fi xation. 
Secondary graft  fi xation in the tibia can be performed, if 
warranted. Here, a staple is used to provide backup 
 fi xation       

a

b
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proximal tibia is reported to be as high as 18 % in 
high tibial osteotomy  [  41  ] . Staying distal to the 
guide pin placed as described in our operative 
technique can minimize this complication. 
Instances of intra-articular fracture require ana-
tomic reduction and rigid  fi xation. Nonunion is 
reported to range from 0.7 to 4.4 %  [  3,   41,   42  ] . 
Bone grafts, bone substitutes, and growth factors 
have been used as adjuncts to encourage consoli-
dation at the osteotomy site. We routinely use 
corticocancellous femoral heal allograft. 

 The incidence of compartment syndrome in 
high tibial osteotomy is unknown, but cases have 
been reported in the literature  [  30,   45  ] . Marti and 
Jakob  [  28  ]  describe elevated compartment pres-
sures requiring fasciotomy following arthroscopic 

ACL reconstruction and concurrent high tibial 
osteotomy. When arthroscopy is employed, lower 
pump pressures and frequent compartment checks 
should be performed throughout the procedure. 
Many of the more common neurovascular inju-
ries, particularly those involving the peroneal 
nerve, are minimized or obviated by the use of 
opening wedge osteotomies, which are less likely 
to result in such complications  [  13,   41,   43  ] .  

    24.9   Summary 

 High tibial osteotomy for correction of varus 
overload or malalignment should be considered 
in ACL de fi ciency, particularly when associated 

a b

  Figs. 24.22 and 24.23    Postoperative radiographs       
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with medial compartment degeneration. This 
procedure, either in isolation or in concert with 
ACL reconstruction can provide the patient with 
stability and improved joint mechanics, which 
can ameliorate the symptoms of unicompartmen-
tal gonarthrosis.      
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