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Abstract High tibial osteotomy (HTO) has traditionally
been used to treat varus gonarthrosis in younger, active
patients. Varus malalignment increases the risk of pro-
gression of medial compartment osteoarthritis and an HTO
can be performed to realign the mechanical axis of the
lower limb towards the lateral compartment, thereby
decreasing contact pressures in the medial compartment.
Anterior cruciate ligament (ACL) insufficiency may lead to
post-traumatic arthritis due to altered joint loading and
associated injuries to the menisci and articular cartilage.
Understanding the importance of posterior tibial slope and
its role in sagittal knee stability has led to the development
of biplane osteotomies designed to flatten the posterior
tibial slope in the ACL deficient knee. Altering the align-
ment in both the sagittal and coronal planes helps improve
stability as well as alter the load in the medial compart-
ment. Detailed history, physical exam and radiographic
analysis guide treatment decisions in this high demand
patient population. Lateral closing wedge (LCW) and
medial opening wedge (MOW) HTOs have been performed
and their potential advantages and disadvantages have been
well described. Given the triangular shape of the proximal
tibia, it is imperative that the surgeon pay close attention to
the geometry of the osteotomy “gap” when performing
MOW HTO to avoid inadvertently increasing the posterior
tibial slope. Simultaneous ACL reconstruction may require
technique modifications depending on the type of HTO and
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ACL graft chosen. With appropriate patient selection and
good surgical technique, it is reasonable to expect patients
to return to activities of daily living and recreational sports
without debilitating pain or instability.
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Introduction

High tibial osteotomy (HTO) has been used in the treat-
ment of varus gonarthrosis since being popularized by
Coventry in the 1960s [1]. Although ligament insufficiency
was originally considered a contraindication to HTO,
realignment surgery is now considered an important part of
the treatment algorithm for the unstable knee. HTO rea-
ligns the mechanical axis of the lower limb and unloads the
affected compartment, thereby transferring weight-bearing
forces to the healthy knee compartment [2]. Furthermore,
biomechanical studies have shown that planned alteration
of the posterior tibial slope can also help improve or restore
stability in the sagittal plane in ligament deficient knees
[3]. Thus, valgus-producing HTOs, either lateral closing
wedge (LCW) or medial opening wedge (MOW), should
be considered as a preferred alternative to a knee arthro-
plasty, particularly in young, active patients with degen-
erative changes and concomitant cruciate injuries [4, 5].
ACL deficiency alters knee kinematics and may con-
tribute to accelerated degenerative changes, particularly in
the medial compartment, with subsequent loss or injury to
the meniscus or articular cartilage [6, 7]. Osteotomy or
realignment surgery can be used in this setting to treat both
pain and instability by altering the posterior tibial slope,
thereby changing the sagittal plane alignment [8, 9] in
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addition to the coronal alignment. This can be performed in
conjunction with a ligament reconstruction in either a
simultaneous or staged fashion [10-16].

This review will address the biomechanical rationale for
an HTO and the relationship with varus malalignment,
posterior tibial slope and ACL insufficiency. Patient
selection and surgical planning will be reviewed, as well as
specific surgical techniques. Finally, results in the literature
will be examined.

Biomechanical background

Varus malalignment has been defined as an angle of 3°
between the mechanical axes of the femur and tibia [17], or
where the weight-bearing axis of the lower limb passes
medial to the tip of the medial tibial spine [18, 19]. Recent
investigations have shown that varus malalignment is both
a potential cause of medial compartment osteoarthritis and
a significant factor in its progression [20].

Varus alignment creates a constant, static adduction
moment at the knee resulting in increased loads in the
medial compartment and tension on the lateral structures
during stance [21]. During gait, there is an additional
dynamic adduction moment at the knee during single leg
stance. Further varus malalignment increases the loads/
tension in the ACL [22, 23] and can attenuate other soft
tissue structures, such as the posterolateral corner [24].
ACL deficiency has a further negative effect on the
biomechanical environment. ACL deficiency results in
altered gait biomechanics, including decreased knee flexion
moments [25-27] and increased external knee adduction
moments [28]. Both of these gait analysis parameters have
been shown to be risk factors in the development and
progression of osteoarthritis in the knee [29-31].

High tibial osteotomy can correct these pathologic
biomechanical conditions by realigning the weight-bearing
axis towards the lateral compartment articular cartilage and
reducing contact pressures in the medial compartment. One
study has shown that the peak contact pressures are 70 %
higher in the lateral compared to the medial compartment
[32] when the mechanical axis passes through the center of
the knee. HTO also decreases the tensile forces on the
lateral structures by almost 60 % [33]. Studies have shown
that the adduction moment at the knee is decreased by as
much as 38 % after an HTO [33-35]. Changes in neuro-
muscular control that further reduce the adduction moment
have also been seen [36].

The posterior tibial slope is defined as the angle between
a line perpendicular to the mid-diaphysis of the tibia and
the posterior inclination of the tibial plateaus (Fig. 1). On
the medial plateau, this slope is usually 9-11°, whereas
laterally it is typically 6-8° [37, 38]. This slope sets the
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Fig. 1 The measurement of posterior tibial slope (S)

biomechanical environment for the ACL and other struc-
tures, such as the posterior horn of the medial meniscus and
lateral capsuloligamentous structures, to resist anterior
tibial translation. Several studies have shown that increased
slope causes anterior tibial translation [3, 39, 40]. More-
over, other studies have shown that increased slope
increases the strain on the ACL [41, 42]. This increased
strain may explain why patients with increased slope are at
a higher risk for ACL injury [43-46]. With the apparent
relationship between increased slope, ACL strain and
anterior tibial translation, it is similarly theorized that
decreasing the tibial slope will decrease ACL strain and
anterior tibial translation, thus reducing instability symp-
toms [47, 48].

Pre-operative assessment

Determining the suitability of a high tibial osteotomy for a
patient with cruciate deficiency begins with a focused
history and physical exam. On history, it is imperative to
elicit the nature of the patient’s pain and instability.
Patients complaining of symptoms of pain and “giving
way” or instability during activities of daily living can be
effectively treated with HTO alone, whereas patients
complaining of both pain and instability primarily during
pivoting sports are often better treated with realignment
surgery in conjunction with a ligament reconstruction. It
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should be determined whether the patient experiences
functional (giving way due to quadriceps inhibition or
weakness) or true mechanical instability [8]. Identifying
risk factors that can be modified or optimized (such as
cessation of smoking or improved diabetic control) will
improve patient selection and help decrease or avoid
postoperative complications commonly associated with
realignment surgery [49].

A focused physical exam begins with a gait assessment.
The presence of a varus thrust is a strong indicator that
osteotomy may be needed. Range of motion should be
compared to the contralateral knee and any recurvatum or
loss of flexion or extension should be noted. Ligamentous
stability testing should be completed. It must be deter-
mined if there are other ligamentous injuries that need to be
considered in a surgical plan. In a severe varus knee, there
may be attenuation of the lateral and posterolateral corner
structures that would elicit findings with varus stress, varus
recurvatum or dial tests [50-53]. It is not uncommon to find
pseudolaxity, or “correctable” varus, in patients with sig-
nificant articular cartilage wear of the medial compartment.
Lastly, a neurovascular exam and a peripheral vascular
assessment should be done.

Standard radiographs should include bilateral weight-
bearing anteroposterior (AP) views of the knee in full
extension and in 30-45° of flexion (Rosenberg view),
lateral, skyline and weight-bearing hip-to-ankle AP views
[54]. The two AP views assess the joint space in
extension and flexion. Posterior tibial slope and patellar
height are assessed on the lateral view. Evidence of
chronic ACL deficiency may be seen with increased
posteromedial wear, also known as a “cupula” [55]. The
standing hip-to-ankle view of both legs is used for an
objective assessment of the deformity by measuring the
mechanical axes.

The proposed osteotomy and size of correction is
templated from the hip-to-ankle radiographs as well [54].
Typically, the new mechanical axis is repositioned to a
point 62.5 % medial-lateral (medial edge = 0 %) across
the tibial plateau [56], or can be roughly estimated as the
midpoint of the downslope of the lateral tibial spine [18].
The mechanical axes of the femur and tibia are drawn
through the correction point on the tibial plateau (Fig. 2).
The osteotomy line is drawn on the proximal tibia,
aiming for a point on the lateral metaphysis approxi-
mately 1-2 cm from the lateral joint line. The length of
this line is measured, stopping about 5-10 mm short of
the lateral cortex. This length is measured on one of the
mechanical axes starting at the correction point. The
distance between the two mechanical axes at the end of
the overlaid line is the size of the gap needed to move
the weight-bearing axis through the correction point
(Fig. 3).

Fig. 2 The two mechanical axes meet at the correction point, which
is 62.5 % across the width of tibial plateau. The dashed line shows the
weight-bearing axis falling through the middle of the medial
compartment. The dashed line is the patient’s current weight-bearing
axis

Indications

Any patient considering realignment surgery must first
maximize non-operative treatment options. Non-steroidal
anti-inflammatory medications, injections, activity modifi-
cations, and weight loss should all be discussed initially.
Trial of an unloader brace may be considered for patients
wishing to avoid surgery. A course of physical therapy may
improve a patient’s symptoms, and if not, will serve as
“prehab” for a future surgery. Once these non-operative
options have been exhausted, surgical options can be
discussed.

Patients who are possible candidates for realignment
surgery must have symptomatic (pain) varus malalignment.
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Fig. 3 Line D shows the distance of the proposed osteotomy site and
the same length is drawn over one of the mechanical axes. The
distance between the two mechanical axes at this point (line G)
provides what the size of the gap at the posterior aspect of the
osteotomy should be in order to correct the weight-bearing axis to the
correction point

Patients with concurrent symptomatic instability are also
candidates for tibial slope adjustment or a concurrent ACL
reconstruction. HTO is best suited for physiologically
young, high-level activity patients who wish to continue in
their athletic endeavors or physically demanding jobs.
More sedentary patients may be better suited for a total or
partial knee arthroplasty, depending on the severity of their
symptoms, degree of arthritis (i.e. end-stage), absence of
deformity or tricompartmental disease. It may be necessary
to perform an examination under anesthesia and a diag-
nostic arthroscopy before making the final treatment deci-
sion. Historically, the literature has suggested an upper age
limit of 65 years to determine a patient’s suitability for
HTO [57, 58]. However, the use of age alone as an
exclusion criterion should be approached with caution.
Ultimately, the older a patient is, the more ideal candidate
they should be for HTO to be considered a viable alter-
native to a total knee arthroplasty. In younger patients with
significant deformity requiring large corrections, HTO may
be a bridge procedure that protects their knee until they
reach an age when a total knee arthroplasty is considered to
be more acceptable. Lastly, in patients with very early
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disease, HTO may be a disease modifying operation to
avoid progression of osteoarthritis. With regards to ACL
deficiency and varus alignment, there is evidence to sug-
gest that the posterior tibial slope should be decreased
when it is greater than 13° and associated chronic ACL
deficiency evidenced by increased anterior tibial translation
of at least 10 mm compared to the contralateral knee [48].
Slope and varus malalignment must also be scrutinized in
younger patients who have had multiple failures of ACL
reconstruction [25, 59]. The decision to perform an ACL
reconstruction must be made based on the patient’s age and
athletic pursuits. This can be staged, with the osteotomy
performed first, or concurrently, depending on the sur-
geon’s preference [12, 14, 15, 37].

Technique

Once the wedge size has been determined, the correction
can be obtained via a medial opening wedge (MOW) or a
lateral closing wedge (LCW) HTO. Both methods have
been used for osteotomy with ACL deficiency
[10-12, 14-16, 18, 37, 60]. Each technique has unique
advantages and disadvantages.

The LCW HTO was the first method described [11], and
provides immediate cortical contact which has traditionally
allowed patients to fully weight bear earlier without the
need for bone grafting. The LCW HTO has a tendency to
decrease posterior tibial slope, which is advantageous in
the ACL deficient knee [61, 62]. However, this method
decreases proximal tibial bone stock, which may make a
subsequent total knee arthroplasty technically more
demanding [63]. The approach is also in close proximity to
the common peroneal nerve, anterior compartment and
proximal tibiofibular joint [9]. Injuries to these structures
could result in iatrogenic nerve injury, compartment syn-
drome, and proximal tibiofibular joint instability.

The MOW HTO allows easier correction of coronal and
sagittal alignment since one cut is easier to titrate than two
parallel cuts [59]. This method preserves bone stock and
may help “tighten” the capsuloligamentous structures
around the knee [59], while avoiding the neurovascular
risks of the LCW HTO. Disadvantages of the MOW
include the possible need for bone graft and the risk of
delayed or non union. Additionally, the potential to
increase posterior tibial slope exists with an inexperienced
surgeon or with lack of attention to detail. The absolute
correction of tibial slope may be limited with MOW HTO
by the triangular geometry of the tibia [64]. Nonetheless,
the advantages of MOW make it the current preferred
technique to address varus gonarthrosis in the ACL-defi-
cient patient [8].
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MOW HTO surgical technique

A general anesthetic is preferred as the use of a regional
block could mask potential post-operative compartment
syndrome. The patient is positioned supine on a radiolucent
operating table with a tourniquet applied to the upper thigh.
A bolster may be placed under the ipsilateral hip to prevent
excessive external hip rotation. Pre-operative antibiotics
are administered. A sterile positioning bundle can be used
underneath the knee and leg during the osteotomy to
optimize positioning during fluoroscopy. The positioning
bundle can also be used to place under the heel to extend
the knee prior to final fixation. If knee arthroscopy is
indicated, this is performed first.

Appropriately draped C-arm fluoroscopy should be
brought in from the same side as the operative leg while the
surgeon stands on the opposite side. This position allows
easier access to the surgical wound on the medial side of
the leg.

A medial longitudinal incision is made midway between
the tibial tubercle and the posteromedial border of the tibia.
Sartorial fascia is incised above the gracilis tendon. Fascial
attachments posterior to the MCL at the metaphyseal flare
of the posteromedial aspect of the tibia are elevated. Blunt
dissection across the posterior cortex of the tibia elevates
soft tissue and aids in placing a blunt tipped Hohmann
retractor to protect neurovascular structures. This instru-
ment will be in direct line with the proposed osteotomy.
Anteriorly, the tibial tubercle and the medial border of the
patellar tendon are identified and the fascia along the
medial aspect is opened with cautery. This facilitates
insertion of a blunt retractor (bent Lane or Hohmann)
beneath the tendon.

A break-away guide pin is drilled in at the superior
margin of the planned osteotomy site under fluoroscopic
guidance. The tibial width can be measured using the
calibrated pin. The pin should be directed towards a point
at least 1 cm distal to the joint line on the lateral cortex.
Ensure that the proposed osteotomy passes superior to the
tibial tubercle. If the patellar tendon insertion is too close to
the proposed osteotomy, a proximally directed biplane
osteotomy that will allow the level of the tibial osteotomy
to be lowered without compromising the extensor mecha-
nism can be made posterior to the tubercle in the tibial
tubercle. A biplanar osteotomy should also be performed
for corrections greater than 12.5 mm to avoid significantly
decreasing the patellar height [9, 65]. The biplane cut has
the added advantage of increasing rotational stability of the
osteotomy. In the sagittal plane the cut should be parallel to
the tibial slope. In the case of an abnormally flat slope, the
cut can angle back approximately 10°, which will provide
more proximal bone for subsequent screw fixation. The

planned osteotomy plane is marked with cautery. The
superficial medial collateral ligament can be released with
cautery in line with the proposed osteotomy. Alternatively,
the superficial MCL may be elevated distal to the osteot-
omy and allowed to cover over the osteotomy and plate at
the end of the procedure. If the superficial MCL is not
released in some way, a medial tension band is created
across the medial compartment, increasing compartment
pressures [32].

Blunt retractors should remain in place both posteriorly
and anteriorly when making the bony cut. A small oscil-
lating saw blade 45 mm in length is chosen and the cut is
made below and in line with the guide-pin. The direction of
the saw blade should be confirmed with fluoroscopy to
ensure it does not drift towards the knee joint. Thin
osteotomes are used to complete the cut. It is advised that a
bone bridge of approximately 10 mm be maintained on the
lateral side and that the lateral extent of the osteotomy be
closer to the lateral cortex than to the lateral joint line. This
will help avoid a lateral cortical breach as well as intra-
articular fracture propagation. Once it appears that the
osteotomy has been completed anteriorly and posteriorly
and is far enough lateral, a wide, firm osteotome can be
inserted to assess its mobility. The osteotomy is gradually
opened to the desired wedge correction as measured by the
gap at the posteromedial aspect of the osteotomy site. This
can be done with stacked osteotomes or wedges, and a
laminar spreader may be required to maintain the wedge
correction.

The sagittal alignment and tibial slope are assessed with
a lateral image and compared to pre-operative imaging. In
the absence of cruciate deficiency, the slope is kept neutral
by maintaining a gap in the osteotomy site posteriorly that
is twice as big as the gap anteriorly [64]. In the case of
ACL deficiency, closing the gap anteriorly flattens the
tibial slope. A 2° change in slope can be expected for every
I mm of closure anteriorly [64]. This anteroposterior
relationship of the osteotomy gap is due to the axial tri-
angular geometry of the proximal tibia. As mentioned,
closure of the anterior aspect of the gap can be achieved by
placing a positioning bundle under the heel with the knee in
extension during plate fixation.

With the osteotomy complete and the size of the gap and
angle of the slope confirmed, the desired hardware can be
applied. A locking plate system is preferred to maintain
axial and rotational stability during the consolidation per-
iod. Screws are inserted under fluoroscopic guidance to
ensure safe positioning. Once fixation is complete and
hardware position is confirmed with fluoroscopy, the defect
(i.e. gap >10 mm) can be filled with bone graft or a bone
graft substitute. The wound is closed over a drain followed
by the application of dressings and a hinged knee brace.
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Considerations when performing concurrent ACL
reconstruction

For patients who are candidates for a concurrent ACL
reconstruction, it must be ensured that the HTO hardware does
not interfere with the tibial tunnel or fixation. The procedure
should begin with arthroscopic assessment and treatment of
concurrent meniscal and articular cartilage injuries. The
osteotomy is then completed with slope either maintained or
flattened at the discretion of the surgeon. Proximal screw
fixation of the plate will have to be manipulated to avoid
interference with the tibial tunnel. This can be accomplished
by placing the plate as posterior as possible, with or without
leaving the most anterior screw hole of the proximal aspect of
the plate empty or short. If a screw hole is left empty, the
surgeon must ensure the plating system allows for adequate
fixation in the proximal fragment. Once the plate is secured to
the bone, the ACL reconstruction is resumed including graft
preparation and the drilling of both the femoral and tibial
tunnels. The tunnel should exit the anterior tibial cortex at the
proximal aspect of the osteotomy site. Tibial fixation of the
ligament is at the surgeon’s discretion.

Results

Good results have long been reported in HTO for varus
malalignment alone [1, 2, 4, 5], and therefore the focus of
this section will be results of HTO in ACL-deficient
patients. Fowler et al. [60] reported on a small group of
varus malaligned patients with chronic ACL-deficiency
who underwent a LCW HTO alone. Good functional
results were found in all patients. Noyes et al. [10]
reviewed 41 patients with LCW HTO for symptomatic
varus malalignment with a chronic ACL deficiency. Six-
teen of the patients required a second stage ACL recon-
struction; 78 % felt subjectively improved and 88 % would
have the HTO again. The authors suggest that modifica-
tions limiting high-level athletics may be best. Naudie et al.
[59] reported on 17 patients who received a MOW HTO for
chronic ligamentous deficiencies. Five of the patients had
ACL injuries as part of a chronic multiligamentous injury.
All patients had improved knee stability, and all but one
(not an ACL deficient patient) were satisfied with the
osteotomy surgery.

Two studies have compared results of different treatment
approaches to a varus, ACL-deficient patient. Latterman
et al. [14] had 30 patients with 11 undergoing HTO alone,
eight undergoing simultaneous HTO-ACL reconstruction,
and eight a staged ACL reconstruction. LCW and MOW
HTOs were both used. At an average follow-up of 5.8 years,
pain with light activities was reported by one of 11 HTO
patients, three of the eight simultaneous ACL reconstruction
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patients and four of the eight staged ACL reconstruction
patients. A positive pivot shift was present in two of 11 in the
HTO group, four in the simultaneous ACL group and three in
the staged ACL group. Radiographic analysis showed pro-
gression of osteoarthritis in all patients, with no significant
difference between the groups. Badhe et al. [15] reported on
14 patients (five with double varus syndrome and nine with
triple varus syndrome) at 2.8 years of follow-up on average.
These patients underwent a combination of LCW and MOW
HTO. The double varus patients received a simultaneous
LCW HTO and ACL reconstruction. Three of the nine triple
varus patients received HTO alone and six had a simulta-
neous HTO with ligamentous procedure. Eighty-six percent
of all patients were stable at last follow-up and 93 % were
able to perform light recreational activities. Triple varus
patients who had MOW HTO had better patient-reported
outcomes than those who underwent LCW HTO.

Dejour et al. [12] reported on 44 patients who received
simultaneous HTO and ACL reconstruction with both
LCW and MOW HTO. Of these, 91 % were satisfied or
very satisfied and 89 % had a negative or grade 1 Lachman
test. Bonin et al. [37] reported on 30 patients who under-
went simultaneous HTO and ACL reconstruction with both
LCW and MOW HTOs. At a 12-year follow-up, 84 % of
patients had gone on to play moderate or intense sports and
only 17 % had radiographic progression of osteoarthritis
greater than grade one. Noyes et al. [11] published results
on 41 patients with double or triple varus syndrome. All
initially had a LCW HTO, while 34 received a staged ACL
reconstruction and 18 required a posterolateral corner
reconstruction. Patient results were analyzed together and
71 % had decreased pain and 85 % had increased stability.
Cincinnati knee scores improved from 63 to 82.

Lastly, Marriott et al. [16] performed gait analysis on 33
patients with varus malalignment, medial osteoarthritis
(Kellgren—-Lawrence grade I-III) and chronic ACL defi-
ciency before and after they received a simultaneous MOW
HTO and ACL reconstruction. Analysis was performed 2
and 5 years post-operatively, and compared to pre-opera-
tive measurements. The 5-year data showed a significant
decrease in the peak knee adduction and flexion moments.
These improvements in gait biomechanics were coupled
with statistically significant improvements in Knee Injury
and Osteoarthritis Outcome Scores. The authors concluded
that a simultaneous HTO and ACL reconstruction is
biomechanically efficacious procedure.

Conclusion
High tibial osteotomy is an effective procedure in the

surgical management of symptomatic, varus malaligned
patients with an ACL deficiency. Decreasing posterior
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tibial slope has the ability to improve stability with or
without the need for a ligament construction. It is important
to note that as evidenced by the literature, there is a great
deal of heterogeneity in this patient population, and that no
simple algorithm exists for treatment. Nonetheless, with
appropriate selection, patients can reasonably expect to
perform activities of daily living and recreational sports
without debilitating pain or instability.

Compliance with ethical standards

Conflict of interest Benjamin V Herman declares no conflicts of
interest. J Robert Giffin: consultant for Arthrex Inc. (royalties).

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://creative
commons.org/licenses/by/4.0/), which permits unrestricted use, distri-
bution, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Coventry MB (1965) Osteotomy of the upper portion of the tibia
for degenerative arthritis of the knee. a preliminary report. J Bone
Jt Surg Am 47:984-990

2. Amendola A, Bonasia DE (2010) Results of high tibial osteot-
omy: review of the literature. Int Orthop 34:155-160. doi:10.
1007/s00264-009-0889-8

3. Giffin JR, Vogrin TM, Zantop T, Woo SLY, Harner CD (2004)
Effects of increasing tibial slope on the biomechanics of the knee.
Am J Sport Med 32:376-382. doi:10.1177/0363546503258880

4. Smith TO, Sexton D, Mitchell P, Hing CB (2011) Opening- or
closing-wedged high tibial osteotomy: a meta-analysis of clinical
and radiological outcomes. Knee 18:361-368. doi:10.1016/j.
knee.2010.10.001

5. Hoell S, Suttmoeller J, Stoll V, Fuchs S, Gosheger G (2005) The
high tibial osteotomy, open versus closed wedge, a comparison of
methods in 108 patients. Arch Orthop Trauma Surg 125:638-643.
doi:10.1007/s00402-005-0004-6

6. Clatworthy M, Amendola A (1999) The anterior cruciate liga-
ment and arthritis. Clin Sport Med 18:173-198. doi:10.1016/
S0278-5919(05)70134-4

7. Kessler MA, Behrend H, Henz S, Stutz G, Rukavina A, Kuster
MS (2008) Function, osteoarthritis and activity after ACL-rup-
ture: 11 years follow-up results of conservative versus recon-
structive treatment. Knee Surg Sport Traumatol Arthrosc
16:442-448. doi:10.1007/s00167-008-0498-x

8. Giffin JR, Shannon FJ (2007) The role of the high tibial osteot-
omy in the unstable knee. Sport Med Arthrosc 15:23-31. doi:10.
1097/JSA.0b013e3180310a89

9. McNamara I, Birmingham TB, Fowler PJ, Giffin JR (2013) High
tibial osteotomy: evolution of research and clinical applications—a
canadian experience. Knee Surg Sport Traumatol Arthrosc
21:23-31. doi:10.1007/s00167-012-2218-9

10. Noyes FR, Barber SD, Simon R (1993) High tibial osteotomy and
ligament reconstruction in varus angulated, anterior cruciate
ligament-deficient knees. A two- to seven-year follow-up study.
Am J Sport Med 21:2-12

11. Noyes FR, Barber-Westin SD, Hewett TE (2000) High tibial
osteotomy and ligament reconstruction for varus angulated

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

anterior cruciate ligament-deficient knees. Am J Sport Med
28:282-296

Dejour H, Neyret P, Boileau P, Donell ST (1994) Anterior cru-
ciate reconstruction combined with valgus tibial osteotomy. Clin
Orthop Relat Res 299:220-228

Trojani C, Elhor H, Carles M, Boileau P (2014) Anterior cruciate
ligament reconstruction combined with valgus high tibial
osteotomy allows return to sports. Orthop Traumatol Surg Res
100:209-212. doi:10.1016/j.0tsr.2013.11.012

Lattermann C, Jakob RP (1996) High tibial osteotomy alone or
combined with ligament reconstruction in anterior cruciate liga-
ment-deficient knees. Knee Surg Sport Traumatol Arthrosc
4:32-38

Badhe NP, Forster IW (2002) High tibial osteotomy in knee
instability: the rationale of treatment and early results. Knee Surg
Sport Traumatol Arthrosc 10:38—-43. doi:10.1007/s001670100244
Marriott K, Birmingham TB, Kean CO, Hui C, Jenkyn TR, Giffin
JR (2015) Five-year changes in gait biomechanics after con-
comitant high tibial osteotomy and ACL reconstruction in
patients with medial knee osteoarthritis. Am J Sport Med
43:2277-2285. doi:10.1177/0363546515591995

Bellemans J, Colyn W, Vandenneucker H, Victor J (2012) The
chitranjan ranawat award: is neutral mechanical alignment nor-
mal for all patients?: the concept of constitutional varus. Clin
Orthop Relat Res 470:45-53. doi:10.1007/s11999-011-1936-5
Arthur A, LaPrade RF, Agel J (2007) Proximal tibial opening
wedge osteotomy as the initial treatment for chronic posterolat-
eral corner deficiency in the varus knee: a prospective clinical
study. Am J Sport Med 35:1844-1850. doi:10.1177/
0363546507304717

LaPrade RF, Johansen S, Agel J, Risberg MA, Moksnes H,
Engebretsen L (2010) Outcomes of an anatomic posterolateral
knee reconstruction. J Bone Jt Surg Am 92:16-22. doi:10.2106/
JBJS.1.00474

Sharma L, Song J, Felson DT, Cahue S, Shamiyeh E, Dunlop DD
(2001) The role of knee alignment in disease progression and
functional decline in knee osteoarthritis. JAMA 286:188-195
Amis AA (2013) Biomechanics of high tibial osteotomy. Knee
Surg Sport Traumatol Arthrosc 21:197-205. doi:10.1007/s00167-
012-2122-3

Markolf KL, Gorek JF, Kabo JM, Shapiro MS (1990) Direct
measurement of resultant forces in the anterior cruciate ligament.
An in vitro study performed with a new experimental technique.
J Bone Jt Surg Am 72:557-567

van de Pol GJ, Arnold MP, Verdonschot N, van Kampen A
(2009) Varus alignment leads to increased forces in the anterior
cruciate ligament. Am J Sport Med 37:481-487. doi:10.1177/
0363546508326715

Noyes FR, Simon R. The role of high tibial osteotomy in the
anterior cruciate ligament-deficient knee with varus alignment.
In: DeLee JC, Drez D, editors. Orthop. Sport. Med. Princ. Pract.,
Philadelphia: WB Saunders; 1994, p. 1401-1443

Noyes FR, Schipplein OD, Andriacchi TP, Saddemi SR, Weise M
(1992) The anterior cruciate ligament-deficient knee with varus
alignment. An analysis of gait adaptations and dynamic joint
loadings. Am J Sport Med 20:707-716

Andriacchi TP, Birac D (1993) Functional testing in the anterior
cruciate ligament-deficient knee. Clin Orthop Relat Res
288:40-47

Lewek M, Rudolph K, Axe M, Snyder-Mackler L (2002) The
effect of insufficient quadriceps strength on gait after anterior
cruciate ligament reconstruction. Clin Biomech (Bristol, Avon)
17:56-63

Webster KE, Feller JA, Wittwer JE (2012) Longitudinal changes
in knee joint biomechanics during level walking following

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1007/s00264-009-0889-8
http://dx.doi.org/10.1007/s00264-009-0889-8
http://dx.doi.org/10.1177/0363546503258880
http://dx.doi.org/10.1016/j.knee.2010.10.001
http://dx.doi.org/10.1016/j.knee.2010.10.001
http://dx.doi.org/10.1007/s00402-005-0004-6
http://dx.doi.org/10.1016/S0278-5919(05)70134-4
http://dx.doi.org/10.1016/S0278-5919(05)70134-4
http://dx.doi.org/10.1007/s00167-008-0498-x
http://dx.doi.org/10.1097/JSA.0b013e3180310a89
http://dx.doi.org/10.1097/JSA.0b013e3180310a89
http://dx.doi.org/10.1007/s00167-012-2218-9
http://dx.doi.org/10.1016/j.otsr.2013.11.012
http://dx.doi.org/10.1007/s001670100244
http://dx.doi.org/10.1177/0363546515591995
http://dx.doi.org/10.1007/s11999-011-1936-5
http://dx.doi.org/10.1177/0363546507304717
http://dx.doi.org/10.1177/0363546507304717
http://dx.doi.org/10.2106/JBJS.I.00474
http://dx.doi.org/10.2106/JBJS.I.00474
http://dx.doi.org/10.1007/s00167-012-2122-3
http://dx.doi.org/10.1007/s00167-012-2122-3
http://dx.doi.org/10.1177/0363546508326715
http://dx.doi.org/10.1177/0363546508326715

284

J Orthopaed Traumatol (2016) 17:277-285

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

anterior cruciate ligament reconstruction surgery. Gait Posture
36:167-171. doi:10.1016/j.gaitpost.2012.02.004

Bennell KL, Bowles K-A, Wang Y, Cicuttini F, Davies-Tuck M,
Hinman RS (2011) Higher dynamic medial knee load predicts
greater cartilage loss over 12 months in medial knee
osteoarthritis. Ann Rheum Dis 70:1770-1774. doi:10.1136/ard.
2010.147082

Chehab EF, Favre J, Erhart-Hledik JC, Andriacchi TP (2014)
Baseline knee adduction and flexion moments during walking are
both associated with 5 year cartilage changes in patients with
medial knee osteoarthritis. Osteoarthr Cartil 22:1833-1839.
doi:10.1016/j.joca.2014.08.009

Miyazaki T, Wada M, Kawahara H, Sato M, Baba H, Shimada S
(2002) Dynamic load at baseline can predict radiographic disease
progression in medial compartment knee osteoarthritis. Ann
Rheum Dis 61:617-622

Agneskirchner JD, Hurschler C, Wrann CD, Lobenhoffer P
(2007) The effects of valgus medial opening wedge high tibial
osteotomy on articular cartilage pressure of the knee: a biome-
chanical study. Arthroscopy 23:852-861. doi:10.1016/j.arthro.
2007.05.018

Noyes FR, Barber-Westin SD, Albright JC (2006) An analysis of
the causes of failure in 57 consecutive posterolateral operative
procedures. Am J Sport Med 34:1419-1430. doi:10.1177/
0363546506287743

Prodromos CC, Andriacchi TP, Galante JO (1985) A relationship
between gait and clinical changes following high tibial osteot-
omy. J Bone Jt Surg Am 67:1188-1194

Wada M, Imura S, Nagatani K, Baba H, Shimada S, Sasaki S
(1998) Relationship between gait and clinical results after high
tibial osteotomy. Clin Orthop Relat Res 354:180-188

Wang JW, Kuo KN, Andriacchi TP, Galante JO (1990) The
influence of walking mechanics and time on the results of
proximal tibial osteotomy. J Bone Jt Surg Am 72:905-909
Bonin N, Ait Si Selmi T, Donell ST, Dejour H, Neyret P (2004)
Anterior cruciate reconstruction combined with valgus upper
tibial osteotomy: 12 years follow-up. Knee 11:431-437. doi:10.
1016/j.knee.2004.02.001

Genin P, Weill G (1993) Julliard R [The tibial slope. Proposal for
a measurement method]. J Radiol 74:27-33

Dejour H, Bonnin M (1994) Tibial translation after anterior
cruciate ligament rupture. Two radiological tests compared.
J Bone Jt Surg Br 76:745-749

Fening SD, Kovacic J, Kambic H, McLean S, Scott J, Miniaci A
(2008) The effects of modified posterior tibial slope on anterior
cruciate ligament strain and knee kinematics: a human cadaveric
study. J Knee Surg 21:205-211

McLean SG, Oh YK, Palmer ML, Lucey SM, Lucarelli DG,
Ashton-Miller JA et al (2011) The relationship between anterior
tibial acceleration, tibial slope, and ACL strain during a simulated
jump landing task. J Bone Jt Surg Am 93:1310-1317. doi:10.
2106/JBJS.J.00259

Shelburne KB, Kim H-J, Sterett WI, Pandy MG (2011) Effect of
posterior tibial slope on knee biomechanics during functional
activity. J Orthop Res 29:223-231. doi:10.1002/jor.21242
Brandon ML, Haynes PT, Bonamo JR, Flynn MI, Barrett GR,
Sherman MF (2006) The association between posterior-inferior
tibial slope and anterior cruciate ligament insufficiency. Arthro-
scopy 22:894-899. doi:10.1016/j.arthro.2006.04.098

Hohmann E, Bryant A, Reaburn P, Tetsworth K (2011) Is there a
correlation between posterior tibial slope and non-contact anterior
cruciate ligament injuries? Knee Surg Sport Traumatol Arthrosc
19(Suppl 1):S109-S114. doi:10.1007/s00167-011-1547-4

Stijak L, Herzog RF, Schai P (2008) Is there an influence of the
tibial slope of the lateral condyle on the ACL lesion? a case-

@ Springer

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

control study. Knee Surg Sport Traumatol Arthrosc 16:112—117.
doi:10.1007/s00167-007-0438-1

Todd MS, Lalliss S, Garcia E, DeBerardino TM, Cameron KL
(2010) The relationship between posterior tibial slope and ante-
rior cruciate ligament injuries. Am J Sport Med 38:63-67. doi: 10.
1177/0363546509343198

Dejour D, Bonin N, Locatelli E (2000) Tibial antirecurvatum
osteotomies. Oper Tech Sport Med 8:67-70. doi:10.1016/S1060-
1872(00)80028-3

Magnussen RA, Dahm DL, Neyret P (2014) Osteotomy for slope
correction following failed ACL reconstruction. In: Marx RG
(ed) Revis. ACL Reconstr. Springer, NY, pp 221-226. doi:10.
1007/978-1-4614-0766-9

Martin R, Birmingham TB, Willits K, Litchfield R, Lebel M-E,
Giffin JR (2014) Adverse event rates and classifications in medial
opening wedge high tibial osteotomy. Am J Sport Med
42:1118-1126. doi:10.1177/0363546514525929

Hughston JC, Norwood LJ (1980) The posterolateral drawer test
and external rotational recurvatum test for posterolateral rotatory
instability of the knee. Clin Orthop Relat Res 147:82-87
Hughston JC, Andrews JR, Cross MJ, Moschi A (1976) Classi-
fication of knee ligament instabilities. part II. The lateral com-
partment. J Bone Jt Surg Am 58:173-179

Loomer R (1981) A test for knee posterolateral rotatory insta-
bility. Clin Orthop Relat Res 264:235-238

Veltri D, Warren R (1994) Anatomy, biomechanics, and physical
findings in posterolateral knee instability. Clin Sport Med
13:599-614

Dugdale TW, Noyes FR, Styer D (1992) Preoperative planning
for high tibial osteotomy: The effect of lateral tibiofemoral sep-
aration and tibiofemoral length. Clin Orthop Relat Res
274:248-264

Dejour H, Walch G, Deschamps G (1987) Chambat P [Arthrosis
of the knee in chronic anterior laxity]. Rev Chir Orthop Répar
L’appar Mot 73:157-170

Fujisawa Y, Masuhara K, Shiomi S (1979) The effect of high
tibial osteotomy on osteoarthritis of the knee. an arthroscopic
study of 54 knee joints. Orthop Clin North Am 10:585-608
Sybrowsky CL, Amendola A (2013) The role of high tibial
osteotomy in the ACL-deficient knee. In: Sanchis-Alfonso V,
Monllau JC (eds) ACL-Deficient Knee. Springer, London,
pp 281-292. doi:10.1007/978-1-4471-4270-6
FRNoyesSDBarber-Westin2009Primary, Double, and Triple
Varus Knee Syndromes: Diagnosis, Osteotomy Techniques, and
Clinical Outcomes. Noyes’ Knee Disord. Surgery, Rehabil. Clin.
Outcomes. 1st edition, Elsevier; p. 821-95

Naudie DDR, Amendola A, Fowler PJ (2004) Opening wedge
high tibial osteotomy for symptomatic hyperextension-varus
thrust.. Am J Sport Med 32:60-70. doi:10.1177/
0363546503258907

Fowler PJ, Kirkley A, Roe J. Ostetomy of the proximal tibia in
the treatment of chronic anterior cruciate ligament insufficiency.
J Bone Jt Surg Suppl 1994;76B

Brouwer RW, Bierma-Zeinstra SMA, van Koeveringe AJ, Ver-
haar JAN (2005) Patellar height and the inclination of the tibial
plateau after high tibial osteotomy The open versus the closed-
wedge technique. J Bone Jt Surg Br 87:1227-1232. doi:10.1302/
0301-620X.87B9.15972

El-Azab H, Halawa A, Anetzberger H, Imhoff AB, Hinterwim-
mer S (2008) The effect of closed- and open-wedge high tibial
osteotomy on tibial slope: a retrospective radiological review of
120 cases. J Bone Jt Surg Br 90:1193-1197. doi:10.1302/0301-
620X.90B9.20688

van Raaij TM, Reijman M, Furlan AD, Verhaar JAN (2009) Total
knee arthroplasty after high tibial osteotomy. A systematic


http://dx.doi.org/10.1016/j.gaitpost.2012.02.004
http://dx.doi.org/10.1136/ard.2010.147082
http://dx.doi.org/10.1136/ard.2010.147082
http://dx.doi.org/10.1016/j.joca.2014.08.009
http://dx.doi.org/10.1016/j.arthro.2007.05.018
http://dx.doi.org/10.1016/j.arthro.2007.05.018
http://dx.doi.org/10.1177/0363546506287743
http://dx.doi.org/10.1177/0363546506287743
http://dx.doi.org/10.1016/j.knee.2004.02.001
http://dx.doi.org/10.1016/j.knee.2004.02.001
http://dx.doi.org/10.2106/JBJS.J.00259
http://dx.doi.org/10.2106/JBJS.J.00259
http://dx.doi.org/10.1002/jor.21242
http://dx.doi.org/10.1016/j.arthro.2006.04.098
http://dx.doi.org/10.1007/s00167-011-1547-4
http://dx.doi.org/10.1007/s00167-007-0438-1
http://dx.doi.org/10.1177/0363546509343198
http://dx.doi.org/10.1177/0363546509343198
http://dx.doi.org/10.1016/S1060-1872(00)80028-3
http://dx.doi.org/10.1016/S1060-1872(00)80028-3
http://dx.doi.org/10.1007/978-1-4614-0766-9
http://dx.doi.org/10.1007/978-1-4614-0766-9
http://dx.doi.org/10.1177/0363546514525929
http://dx.doi.org/10.1007/978-1-4471-4270-6
http://dx.doi.org/10.1177/0363546503258907
http://dx.doi.org/10.1177/0363546503258907
http://dx.doi.org/10.1302/0301-620X.87B9.15972
http://dx.doi.org/10.1302/0301-620X.87B9.15972
http://dx.doi.org/10.1302/0301-620X.90B9.20688
http://dx.doi.org/10.1302/0301-620X.90B9.20688

J Orthopaed Traumatol (2016) 17:277-285

285

64.

review. BMC Musculoskelet Disord 10:88. doi:10.1186/1471-
2474-10-88

Noyes FR, Goebel SX, West J (2005) Opening wedge tibial
osteotomy: the 3-triangle method to correct axial alignment and
tibial slope. Am J Sport Med 33:378-387

65. Longino PD, Birmingham TB, Schultz WJ, Moyer RF, Giffin JR
(2013) Combined tibial tubercle osteotomy with medial opening
wedge high tibial osteotomy minimizes changes in patellar
height: a prospective cohort study with historical controls. Am J
Sport Med 41:2849-2857. doi:10.1177/0363546513505077

@ Springer


http://dx.doi.org/10.1186/1471-2474-10-88
http://dx.doi.org/10.1186/1471-2474-10-88
http://dx.doi.org/10.1177/0363546513505077

	High tibial osteotomy in the ACL-deficient knee with medial compartment osteoarthritis
	Abstract
	Introduction
	Biomechanical background
	Pre-operative assessment
	Indications

	Technique
	MOW HTO surgical technique
	Considerations when performing concurrent ACL reconstruction

	Results
	Conclusion
	Open Access
	References




