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Abstract High tibial osteotomy (HTO) is a widely accept-
ed and performed procedure to treat medial knee arthrosis.
The aim of this review is to evaluate the different surgical
options in medial knee arthrosis, focusing on indications,
patient’s selection, long-term follow-up and survival anal-
ysis of HTO. Comparison and pooling of results are
challenging because of different evaluation systems, small
cohort number, and different surgical techniques. No dif-
ferences have been described between opening and clos-
ing wedged HTO in terms of outcomes. Excellent early
survivorship and good clinical outcomes were reported
also with concomitant procedures. Correct indications,
preoperative workup/planning, and technique selection
are essential in achieving good results. The choice be-
tween opening and closing wedge osteotomy, graft selec-
tion in opening wedge HTO, comparison between HTO
and unicompartmental knee arthroplasty, and the results of
revised HTO to total knee replacement are currently under
debate and will be discussed in the present review.
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Introduction

High tibial osteotomy (HTO) is a widely accepted procedure
to treat varus alignment of the knee associated with medial
compartment arthrosis/overload.

Valgus producing proximal HTO shifts the mechanical axis
of the lower limb from the medial compartment laterally,
decreasing medial contact pressure, and contact area. Medial
compartment unloading leads to reduced pain, improved func-
tion, and the potential reduction of cartilage degeneration.

Correct patients’ selection is fundamental in achieving
good results.

Many techniques have been described (ie, closing wedge,
opening wedge, dome, and “en chevron” osteotomies), but
opening (medial) and closing (lateral) wedge HTO are the
most commonly used.

Opening wedge HTO has recently gained popularity since
it does not require a fibular osteotomy, common peroneal
nerve dissection, disruption of proximal tibiofibular joint,
and bone stock loss as opposed to closing wedge HTO. In
addition, opening wedge HTO allows for multiplanar correc-
tion and easier subsequent total knee replacement (TKR).

Disadvantages associated with medial opening wedge
HTO include the need of bone graft and the risk of nonunion,
collapse, or loss of correction [1e, 2, 3¢].

The aim of this paper is to review the indications, clinical
results, fixation techniques, and new tendencies in HTO.

Indications HTO

Selection of the ideal patient is the key factor in achieving
good results with HTO.

Conditions related with poor outcomes are: severe joint
destruction (=Ahlback grade III), > 65 years of age, <90° of
ROM, >15° of flexion contracture, joint instability together
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with>1 cm lateral tibial thrust, > 20° of correction, rheumatoid
arthritis, and advanced patellofemoral arthritis [4—7].

The influence of Body Mass Index (BMI) remains a con-
troversial factor [7].

Young patients (<60 years of age), with isolated medial
osteoarthritis, with good range of motion, and without liga-
mentous instability are the ideal candidates for an HTO.

Although originally instability was considered as a con-
traindication for HTO, recently HTO, with or without com-
bined ligamentous reconstruction, has raised in popularity
for the treatment of: chronic knee instability, ligament re-
construction failure, and medial arthrosis associated with
knee instability.

Overall results

We report here a short review of the literature presenting the
state of the art regarding opening and closing wedge HTO
(Fig. 1).

Survivorship analysis is the preferred method to assess
quality and durability of the results because it does not exclude
inadequate follow-up, loss to follow-up, and patient’s death.

Opening wedge HTO

Shallberger et al retrospectively reviewed the long-term out-
comes of opening and closing wedge osteotomies in 54 pa-
tients. The median follow-up was of 16.5 years, 13 patients
(24 %) underwent TKR. Osteotomy survival was 98 % after
5 years, 92 % after 10 years, and 71 % after 15 years. It was
also shown that: (1) osteotomy survivors, despite the mean
age of 61 years, had a high level of activity; (2) no significant
differences in survival and outcome scores between opening
and closing wedge HTO were found. The authors noticed low
levels of pain as indicated in the Visual Analogue Scale, a high
Satisfaction Index and good values in the KOOS and
WOMAC scores. The authors, in the radiological follow-up,
showed a slight osteoarthritis progression (according to the
Kelleren and Lawrence classification) despite good correction
was achieved. They concluded that HTO is a successful
treatment in unicompartmental knee degeneration associated
with varus alignment in active patients [§].

Niemeyer et al evaluated the 3-year clinical results of 69
patients with medial compartment arthrosis treated with open
wedge HTO, using internal plate fixation (TomoFix, Synthes)
in a prospective, observational case series. Additional surgical
procedures were performed in 55 patients (ie, microfractures,
autologous chondrocyte implantation, partial medial
meniscectomy, ACL reconstruction). The authors evaluated
knee function with significant improvement of International
Knee Documentation Committee (IKDC) and Lysholm
scores. They noted function improvement between 12 and

Fig. 1 A Preoperative AP view long leg x-ray showing varus
malalignment (white line= mechanical axis). B AP view of the right knee
after opening wedge HTO. C AP view of the right knee after closing
wedge HTO

24 months and between 24 and 36 months, the latter probably
due to implant removal. Damage severity of the medial carti-
lage was not decisive on clinical outcomes and partial thick-
ness defects of the lateral compartment were well-tolerated as
well. Discomfort related with the implant was the most com-
mon complication (40.6 %) [9+].

Bode et al evaluated 62 patients after HTOs with internal
plate fixator (TomoFix, Synthes), using IKDC score, Lysholm
score, and Survival analysis. A 96 % survival rate after a mean
follow-up of over 5 years was observed. IKDC and Lysholm
improved significantly when compared with preoperative
values. The overall complication rate was 8.6 % [10].

Shréter et al performed a prospective clinical and radio-
graphic evaluation after 35 open wedge HTOs using the
Position HTO Plate (Aesculap, Tuttlingen, Germany), without
bone augmentation. They concluded that this specific type of
plate cannot be recommended, due to an overall complication
rate of 34 %, plate-related complication rate of 23 %, and
significant loss of correction between 2 and 6 months of
follow-up. However, clinical outcomes improved significantly
after 12 months (HSS, Lysholm-Gillquist, IKDC, Tegner ac-
tivity level scores). Preoperative scores were excellent in 23 %
of the cases, good in 47 %, fair in 20 %, and poor in 10 %.
Postoperatively, 63 % were excellent, 31 % good, and 6 % fair
[11].

Hernigou et al followed up for an average of 10 years
on 53 knees treated with proximal opening-wedge HTOs
for large varus deformity and osteoarthritis of the medial
compartment. A buttress plate and a porous betatricalcium
phosphate wedge were used. After 10 years, 81 % had
excellent or good results. The best results were obtained
in knees with a postoperative hip-knee-ankle angle rang-
ing from 183° to 186°. The authors concluded that this is
the correction to be achieved during the HTO [12].
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DeMeo et al in a prospective study evaluated 20 consecu-
tive patients affected by varus gonarthrosis and treated with
medial opening-wedge HTOs, using the Puddu plate and
allograft augmentation. Patients were evaluated preoperative-
ly, at 2 and 8 years of follow-up with radiographs, subjective
scores, and knee scores (Lysholm and Hospital for Special
Surgery [HSS] scores). The overall survivorship at 8 years
was 70 %, and 57 % of the patients reported subjective good to
excellent results. At final follow-up, 5 patients (25 %) were
converted to TKR. Both Lysholm and HSS knee scores im-
proved at 8 years of follow-up [13].

LaPrade et al conducted a case series study to evaluate the
outcome of opening wedge HTOs performed in 47 young and
middle-aged patients (<55 years) to treat symptomatic medial
compartment osteoarthritis of the knee. The survival rate of
the osteotomy was 94 % at a mean follow-up of 3.6 years with
only 3 failures. They found a small but statistically significant
increase in postoperative tibial slope and showed that postop-
erative mechanical axis passing close to the lateral tibial
eminence resulted in a significant improvement of the scores.
Patellar height was decreased in 74 % of the patients [14].

Bonasia et al retrospectively evaluated the prognostic fac-
tors of 99 medial opening wedge HTOs in 84 patients (mean
age 55 years) affected by symptomatic medial knee overload/
arthritis, with a mean follow-up of 51.5 months. They used the
Knee Society score (KSS) and the Western Ontario and
McMaster Universities Osteoarthritis Index score (WOMAC).
Clinical and functional scores significantly improved after
surgery. The variables significantly related with a poor out-
come were age >56 years and postoperative knee flexion
<120°. The variables significantly related with a good out-
come were Ahlbédck grade 0 arthritis of the medial compart-
ment and excellent preoperative Knee Society score. The
Kaplan-Meier analysis showed a survival rate of 98.7 % at
5 years and 75.9 % at 7.5 years [15¢].

Niiniméki et al evaluated survivorship of HTO at a national
level using the Finnish registry. They studied 3195 HTOs
performed between 1987 and 2008. Kaplan-Meier analysis
revealed an overall survivorship of 89 % at 5 years and 73 %
at 10 years, with revision to TKR as an endpoint. Females and
patients >50 years old had worse survivorship than males or
patients<50 years old [16¢].

Closing wedge HTO

Flecher et al reviewed 301 closing wedge HTOs at a minimum
12-year follow-up synthesized with Blount staple and an AO
half-tube plate with 3 screws. The mean patient age was
42 years. They analyzed patient satisfaction, radiographs,
and survivorship. Survival rate was 92 % at 10 years and
85 % at 20 years with revision as an endpoint. Knee function
was considered satisfactory by 77 % of patients after an
average follow-up of 18 years and younger patients had better

@ Springer

long-term results. Twenty-three of 31 knees (74 %), classified
as Ahlback Grade 3 preoperatively, required revision at a
mean follow-up of 16 years. They concluded that ideal can-
didates for closing wedge HTOs are patients with minor
medial tibiofemoral osteoarthritis (Ahlback grade <3) and
younger than 50 years with active lifestyle [17].

Akizuki et al conducted a prospective study on 94 patients
(118 knees) treated with closing wedge HTOs and internal
fixation. Failure was defined as revision to TKR and HSS
score <70 points. Survivorship was 97.6 % at 10 years and
90.4 at 15 years from surgery [18].

Gstottner et al studied long-term follow-up after closing
wedge HTO fixed with staples. They investigated 134 HTOs
in 111 patients and they found a survivorship of 94 % after
5 years, 79.9 % after 10 years, 65.5 % after 15 years and
54.1 % after 18 years. The authors showed that age influenced
the survival rate and the hazard of failure increased by 5 % per
year of age. Complications rate was 28.4 % [19].

Hui et al determined survival rate of closing wedge HTO in
a large case series. They performed lateral closing wedge
HTOs for medial compartment osteoarthritis between 1990
and 2001 in 455 patients. Between 2008 and 2009, patients
were contacted by phone, and assessment included incidence
of further surgeries, current body mass index (BMI), Oxford
Knee Score, and British Orthopaedic Association Patient Sat-
isfaction Scale. The authors described a survival rate of 95 %,
79 %, and 56 % at 5, 10, and 15 years of follow-up, respec-
tively. They also described better results in patients under
50 years of age, with BMI less than 25, and ACL deficiency
[20].

The aim of the study conducted by Efe et al was to eluci-
date the outcome and assess the influence of risk factors on
long-term results of closing wedge HTO.

They retrospectively studied 199 patients with a mean
follow-up of 9.6 years. Failure was defined as the need for
revision to TKR. They recorded 39 complications. Thirty-six
(16 %) HTOs were converted to TKR. The 5-year, 9.6-year,
and 15-year survival rates, as determined by Kaplan-Meier
analysis, was 93 %, 84 %, and 68 %, respectively. Fifty-four
patients had excellent results, 74 good, 51 fair, and 20 poor.
Pain was absent in 74 patients, mild in 66, and severe in
motion but not at rest in 58. A significant preoperative risk
factor for HTO failure was osteoarthritis Kellgren-Lawrence
grade >2 [21].

The overall results are summarized in Table 1.

Opening vs closing wedge HTO

As shown, good and excellent results can be achieved with
both techniques at short- and mid-term follow-up but the
results deteriorate over time.
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The closing wedge HTO was first described by Jackson
and Waugh in 1961 [22] and then further popularized by
Coventry in 1965 [23].

Lateral closing wedge HTO has been considered for a long
time the gold standard in treating isolated medial knee osteo-
arthritis in young and active patients.

The advantages of this technique can be summarized in
quicker healing, shorter time to weight-bearing, and reduced
risk of patella baja compared with opening wedge HTO. In
addition, there is no need for bone graft or synthetic bone
substitute.

However, closing wedge HTO implies fibular osteotomy or
proximal tibiofibular joint disruption, lateral muscle detach-
ment, peroneal nerve dissection, bone stock loss, and more
demanding subsequent TKR.

A recent review conducted by Atrey et al reported a pooled
complication rate between 5 % and 34 % with an average of
15.2 % (including infections, thromboembolic events, frac-
tures, nerve and vascular injury, nonunion, or delayed union)
[24].

In order to prevent injury to the common peroneal nerve,
improve correction and union, Huang et al recently described
a modified closing wedge HTO technique in 75 knees (46
patients). The osteotomy was performed at the distal third of
the tibial tuberosity and an L shaped LCP plate was used.
They concluded that this modified technique is efficient and
safe for the correction of tibia vara in young patients [25].

For the above mentioned disadvantages of closing wedge
HTO and for the possibility of multiplanar correction, opening
wedge HTO became a widely accepted alternative option.

However, this technique is also not free from complica-
tions, and these include: possibility of collapse, nonunion, loss
of correction with or without hardware failure [11, 26], and the
necessity of bone graft with possible donor site morbidity (in
case of autograft) or disease transmission (in case of allograft).

A recent meta-analysis by Smith et al included 12 papers
reporting 9 clinical trials comparing 324 opening wedge
HTOs vs 318 closing wedge HTOs. They found no significant
differences between the 2 groups in terms of clinical outcomes
or complications. The authors reported increased tibial slope
and higher risk of patella baja in the closing wedge group. On
the other hand, closing wedge HTOs resulted in decreased
tibial slope [27].

Harris et al in a systematic review determined survi-
vorship and clinical outcomes of HTO isolated and com-
bined with other procedures (ie, articular cartilage surgery,
medial meniscus allograft transplantation). The authors
also compared survivorship and clinical outcomes of
opening and closing wedge HTOs. They concluded that
at 2 years of follow-up, survivorship was significantly
better in the opening wedge group (98.7 %) compared
with the closing wedge group (96.7 %). At all other time
points, with or without combined procedures, there was

no significant survival difference between the 2 tech-
niques. Radiographically, they also confirmed that tibial
slope was increased and patellar height decreased with
opening wedge HTO. Conversely, tibial slope was de-
creased and patellar height increased with closing wedge
techniques [2].

Similar results were obtained in a randomized controlled
trial by Brower et al, which showed improvement in knee
function and pain without significant differences between
closing and opening HTOs [28].

All the authors agree that pooling the results is challenging
and further studies are necessary to determine the superiority
of one procedure over the other.

Augmentation and type of fixation in opening wedge HTO

Nonunion is one of the main risks in open wedge HTO, with
an incidence ranging from 0.7 % to 4.4 % [26].

Many techniques have been developed to fill the void
created with an opening wedge HTO and to achieve reliable
fixation, with early weight bearing.

Iliac crest autograft or tricortical allograft remaining the
most commonly used grafting modalities [29].

Osteoconductive, osteoinductive, and osteogenic proper-
ties are the main advantages of autografts. However, the rate
of minor and major complications at the iliac crest donor site
has been shown to range from 9 % to 39 % and from 0.76 % to
25 %, respectively [29].

To avoid these complications a new technique using a
reamer-irrigator-aspirator has been described by Seagrave
et al in a small case series, with good results at 12 months of
follow-up [30].

Allograft has lower osteoinductive properties and entails
virtual disease transmission risks.

Kuremsky et al compared allograft vs autograft using a
medial opening wedge HTO plate system. They had a 6-fold
higher failure rate using allograft and they also noted that
lateral cortical disruption associated with allograft augmenta-
tion led to failure in 53 % of the cases. The authors recom-
mended autograft or allograft with 6 weeks of nonweight
bearing in case of lateral disruption or large corrections [31].

Synthetic bone substitutes (hydroxyapatite, [3-tricalcium
phosphate, a combination of both, bone cement) showed
lower resistance than macroporous ceramics to compressive
load [32].

Bone cement as a spacer has been described [33] but in
order to achieve a more biological regeneration is not recom-
mendable [32].

The use of PRP, bone stromal cells, and growth factors
showed encouraging results and improvement in osteotomy
union in association with autograft, allograft, and bone sub-
stitutes [32, 34, 35].
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However, there is no evidence whether PRP and synthetic
augmentation lead to superior union rates compared with
autologous iliac crest graft [32, 36, 37].

Stable fixation is fundamental in achieving good results by
maintaining the desired correction and allowing early weight
bearing.

Numerous studies described the biomechanical properties
of different implants [38—41].

Although long-locking plates showed stronger properties,
permit early weight bearing, and seem to be more reliable [42]
compared with other fixation devices, they are bulky and
frequently require removal [32]. Smaller spacer plates have
lower mechanical properties compared with long-locking
plates, but can still be reliable and are less likely to be
removed.

New PEEK (polyetheretherketone) devices have recently
been introduced on the market [43], but their reliability and
complication rates have yet to be determined [44].

Associated procedures and new perspectives in HTO

Due to the better understanding of knee biomechanics and
improved surgical techniques, indications for HTOs are in-
creasing. Correct knee alignment has proven to be an essential
factor in achieving good results with ligament, cartilage, and
meniscal procedures.

Osteotomies can be indicated in the treatment of chronic
ligamentous instability (alone or combined with ligament
reconstruction/revision) or associated with chondral
resurfacing and meniscal repair or transplant [1e, 45, 46].

Indications for HTO in patients with knee instability in-
clude [1°]:

(1) Symptomatic anterior cruciate ligament (ACL) deficien-
cy with symptomatic medial compartment arthritis/
overload.

(2) Chronic ACL deficiency with varus alignment and varus
thrust.

(3) Chronic posterolateral instability/laxity with symptomat-
ic varus hyperextension thrust.

(4) ACL reconstruction failure due to sagittal or coronal
malalignment.

(5) Chronic posterior cruciate ligament (PCL) deficiency
and symptomatic varus malalignment.

(6) In case of chronic medial collateral ligament (MCL)
deficiency and valgus alignment, a varus HTO can be
hypothesized, but a distal femoral osteotomy is generally
preferred.

The goals of simultaneous HTO and ligament reconstruc-

tion are to correct malalignment, decrease knee joint load, and
restore stability [46].

@ Springer

Physiological tibial slope ranges from 0° to 18° [47] and
the slope can be modified with HTO [48]. The effect of tibial
slope changes on anteroposterior knee stability has been de-
scribed. When the tibial slope is decreased (as in closing
wedge HTO or in opening wedge HTO with a posterior
position of the spacer plate) the PCL is tensioned and the
ACL is detensioned [49, 50]. An opposite effect is obtained
on the cruciate ligaments when the tibial slope is increased.

Many clinical trials have shown good results with com-
bined ACL reconstruction and HTO [51-55].

Combined HTOs and biological surgical treatments (ie,
articular cartilage surgery, meniscal repair, or transplantation)
also showed good short- and mid-term results.

In the varus knee with medial compartment chondral le-
sions, an adequate correction of the limb alignment enhance
tissue repair [3¢, 23]. In addition, combined HTO and
meniscal transplantation has become an accepted technique
in young patients (<40 years) with varus alignment and
meniscal deficiency [56, 57].

Harris et al systematically reviewed 69 studies (4557 sub-
jects) to evaluate the survival difference between isolated
HTO and HTO with combined procedures. The mean
follow-up was 7.1 years and the mean patient age was
53 years. At 5 years of follow-up, HTOs with articular carti-
lage surgery had significantly greater survival (97.7 %) than
isolated HTO (92.4 %), or HTO with meniscal allograft trans-
plant (90.9 %). However, at all other time points, there was no
significant survival difference between the groups [2].

Wong et al conducted a prospective randomized controlled
clinical trial about of the intra-articular injection of cultured
autologous bone marrow-derived mesenchymal stem cell
combined with microfracture and medial opening wedge
HTO. The authors concluded that at 2 years of follow-up the
technique is effective in improving short-term clinical and
radiological outcomes [58].

Ferruzzi et al compared clinical outcome in middle aged
patients treated with isolated HTOs or HTOs associated with
cartilage repair procedures (autologous chondrocyte implan-
tation or microfractures). At 11 years of follow-up they ob-
tained clinical and radiological improvement in all patients.
HTOs and HTOs+autologous chondrocyte implantation
groups obtained higher scores compared with HTOs+
microfractures group [3].

HTO has also shown not to be contraindicated in high level
athletes, alone, or combined with other procedures [43, 59].

Knee arthroplasty and HTO

Although both HTO and unicompartmental knee arthroplasty
(UKA) are effective treatments for medial knee arthrosis and
may delay or avoid the need for TKR, they should not be
considered equivalent treatment options. When compared,
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both HTO and UKA showed satisfactory results and survival
rates at mid- and long-term follow-up. Some authors de-
scribed slightly better results for UKA [60—63], while others
reported similar results for the 2 techniques [63—66].

However, when reviewing the literature, it becomes evident
that HTO and UKA have different indications [67]. Only a
small population of patients can be amenable to either HTO or
UKA and this includes patients: (1) from 60 to 65 years old;
(2) who are moderately active; (3) who are nonobese; (4) with
mild varus malalignment (from 5° to 10°); (5) without joint
instability; (6) with a good range of motion; and (7) with
moderate unicompartmental arthritis [67].

Given that TKR represents the endpoint of both HTO and
UKA, similar survival time to TKR can be observed for the 2
techniques (9.7 years after HTO and 9.2 years after UKA)
[62].

It has to be considered that revising UKA to TKR is more
challenging than revising HTO to TKR. In the first case, bone
loss needs to be managed during surgery [68], while HTO
revision to TKR can be considered a primary TKR.

Although little data are available comparing opening or
closing wedge HTO in terms of revision to TKR, opening
wedge HTO has some theoretical advantages, including: no
risk of patella alta, maintenance of bone stock, and lower risk
of impingement between the tibial stem and the anterior tibial
cortex.

Robertsson and Dahl compared the results and complica-
tions of primary TKR, HTO revision to TKR, and UKA
revision to TKR. They found a risk of revision significantly
higher after previous closing wedge HTO and UKA than de
novo TKR, whereas open wedge HTO did not affect the
outcome. Stemmed implants or special revision implants were
used in 0.6 % of the primary TKR, in 4 % of the HTO to TKR
conversions, and in 17 % of the UKA to TKR conversions
[69-].

Conclusions

Both lateral closing wedge and medial opening wedge HTOs
have shown excellent clinical results and survival at short- and
mid-term follow-up (Table 1). Many studies reported high
survival rates not only after 5 years (75 % to 94 %) but also
after 10 years (51 % to 95 %) of follow-up. Despite these
encouraging short- and mid-term results, a decreasing rate of
success and beneficial effects becomes evident after 15 years
(39 % to 90 %) from surgery [7].

The role of these procedures is to unload the medial com-
partment of the knee delaying the progression of osteoarthritis.

According to literature, the ideal candidate for HTO is a
young active patient (<65 years), with medial isolated osteo-
arthritis (less than grade III according to Ahlbéck classifica-
tion) and good range of motion [1e, 15¢, 64].

A careful preoperative planning is essential. Generally, a
5°—6° degree valgus overcorrection is planned [1¢]. In young
patients and athletes, overcorrection is not recommended and
the goal is to achieve a neutral alignment [59], avoiding lateral
overload.

Although no significant differences have been reported in
the literature between opening and closing wedge HTOs, the
author’s preferred technique is opening wedge, which is eas-
ier, allows for multiplanar correction, and avoids tibiofibular
joint disruption, compared with closing wedge technique.

HTO is an excellent surgical option in selected patients and
can give good long-term follow-up outcomes. However,
pooling the results is a challenge for the heterogeneity of data,
variability of the patients enrolled, and the different scoring
systems. Additional well-designed studies and long-term fol-
low-up data are required to identify the ideal candidates and
surgical techniques in HTO.
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