
Understanding Osteotomy: A narrative review

Introduction
Osteotomy is one of the oldest surgical 
technique and st i l l  an impor tant 
procedure for active, physiologically 
young patients w ith symptomatic 
unicompartmental osteoarthritis (OA) 
and malalignment. 
The rational of an osteotomy around the 
knee is to restore the correct lower limb 
mechanical alignment, redistributing 
weight-bearing from a damaged joint 
surface area to an undamaged one. 

In the 80s, suboptimal results of total 
knee arthroplasty (TKA) in young 
patients (<60 years old) led osteotomy to 
gain increased popularity as a valid 
treatment for unicompartmental OA or 
deformities thanks to the favorable 
outcomes due to the articular load 
redistribution and new fixation devices 
[4]. The advantages of osteotomy in 
respect to TKA are the preservation of 
bone stock and articular proprioception, 
that allow high functioning levels, 
d e l ay i n g  t h e  n e e d  f o r  t h e  j o i n t 
replacement [5]. Nowadays, a wide 
number of techniques are described 
according to the type and location of the 
deformity and to the presence of 

associated lesions. Indeed, an 
osteotomy can be combined with 
articular procedures, such as 
anterior cruciate ligament (ACL) 
reconstruction, meniscal
transplantation, cartilage

The modern osteotomy techniques for 
knee deformities correction go back to 
the late 50s, thanks to the work of Jackson 
[1] followed by those of Wardle [2] and 
Coventry [3].

treatments, with the aim to 
restore normal knee

The purpose of this narrative review is to 
prov ide an over v iew of the basic 
osteotomy planning for knee axes 
malalignment, describing the different 
techniques based on the location of the 
deformity and the presence of associated 
lesions, thus presenting the main results 
of isolated and combined procedures, in 
order to provide useful updates to guide 
the surgeon in the choice of possible 
variants or associated gestures.   

Deformity evaluation 
The assessment of the knee deformity 
should begin with an accurate collection 
of patient's medical history, age, sex, body 
mass index (BMI), smoking habits, 
activity level, comorbidities should be 
noted and the elimination of additional 
risk factors that may affect the outcome 

biomechanics as much as possible. 
Hence, orthopedic surgeons should 
carefully evaluate all these aspects during 
pre-operative planning, considering 
obtainable results from isolated or 
combined procedures. 

 

procedures, and biological
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Osteotomy around the knee is an effective surgical procedure for active, physiologically young patients with symptomatic 
unicompartmental osteoarthritis (OA) and malalignment. It restores the correct lower limb mechanical alignment, redistributing 
weight-bearing from a damaged joint surface area to an undamaged one. Hence, it consistently provides relief in knee pain, improves 
knee function, and delay the need for TKA. Despite all these advantages its popularity was decreasing in the past but improved 
meniscal and cartilage restoration techniques renewed interest in knee osteotomies in young patients with knee pain and joint 
surface defects. Hence, in the last decade, the majority of osteotomies have been performed in combined with cartilage repair, 
meniscal transplantation, and ligament reconstruction. Understanding the rationale of an osteotomy and the possibility to combine 
it with other procedures allows us to obtain the most clinical benefit for the patient. This review article provides an overview of the 
basic osteotomy planning for knee axes malalignment, describing the different techniques based on the location of the deformity 
and the presence of associated lesions, thus presenting the main results of isolated and combined procedures, to provide useful 
updates to guide the surgeon in the choice of possible variants or associated gestures. 
Keywords: Deformities around the knee, High tibial osteotomy, Clinical outcome.

Abstract



Lower limb axes can be pathologically 
altered in the frontal, sagittal and/or 
transverse plane. 

Pre-operative planning should be done 
o n  a  f u l l - l eng t h  antero p o ster i o r 
radiograph with double-leg standing and 
posteroanterior views in 45° of flexion 
(Rosenberg view), lateral and skyline 
views [6] . 

On the frontal plane, the main axis that 
surgeon should consider are: the

Another important factor to consider is 
the location of the deformity, which can 
be intra-articular or extra-articular. This 
aspect  inf luences  the  s i te  of  the 
osteotomy. Indeed, deformity correction 

of the procedure should be

documented. 

meniscectomy, ACL reconstruction, or 
cartilage procedures must be

The clinical examination consists of the 
evaluation of gait, range of motion 
(ROM), anteroposterior and varus-
valgus stability, genu recurvatum, flexion 
contracture, or  thrust sign presence. 
Ligamentous or meniscal tears and 
cartilage status should be investigated on 
magnetic resonance imaging (MRI). 
History of previous trauma or

On the sagittal plane, the posterior tibial 
slope and patellar height should be 
carefully evaluated. Furthermore, wear 
due to anterior tibial subluxation can be 

associated with ACL lesion [8]. Stress 
radiographs may be helpful to assess 
latent soft tissue laxity of the collateral 
knee ligaments. Latent soft tissue laxity is 
defined as the amount of soft tissue that 
can be extended to valgus or varus from 
the weight-bearing position, and it is 
calculated by subtracting the JLCA on 
weight-bearing standing radiographs 
from that on stress radiograph. In a recent 
study, Lee et al. found that latent medial 
lax ity was the most crucial factor 
associated with postoperative JLCA 
changes. JLCA changes had a statistically 
significant correlation with latent medial 
la x ity (R=0.6) and a stat ist ical ly 
borderline significant correlation with 
correction angle (R = 0.2). These imply 
that the postoperative JLCA change 
increased by 0.6° per 1° increase in latent 
medial laxity and increased by 0.2° per 1° 
increase in correction angle. The JLCA 
change could be larger in patients with 
large latent medial laxity or severe varus 
deformity requiring a large correction, 
which could lead to unexpected over 
correction in high tibial osteotomy 
(HTO). Thus, postoperative JLCA 
c ha nge  s h o u l d  b e  co n s i d e red  i n 
preoperative surgical planning. Target 
point shifting within the Fujisawa point 
[7] could be a strategy to prevent over 
correction, especially in patients with 
large latent medial laxity [9].

mechanical axis (Mikulicz line) passing 
through the Fujisawa point, located at 
62% across the width of the tibial plateau 
from medial to lateral [7] , mechanical 
axis deviation (MAD), hip-knee-ankle 
(HKA), medial proximal tibial angle 
(MPTA), lateral distal femoral angle 
(LDFA) and joint line convergence angle 
( JLCA) (Fig.1). 

recommended. 
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Figure 1: Main axes of the lower limb on the frontal plane; a) on the right leg is represented 
Mikulicz line passing through the Fujisawa point, Medial Proximal Tibial Angle (MPTA) = 
87° ± 3° and Lateral Distal Femoral Angle = 87° ± 3°, on the left leg is represented the Hip 
Knee Angle (HKA); b) on the right leg is represented Mechanical Axis Deviation (MAD) 
and Joint Line Convergence Angle ( JLCA) on the left one.

Insufficient MCL Intact MCL

Patella alta Patella baja

Associated ACL reconstruction Associated ACL reconstruction

Tibial slope correction Normal tibial slope

Severe varus deformity with proximal 

tibial malrotation, idiopathic varus 

morphotype

Light or moderate deformity, no 

morphotype alterations

Simultaneous medial arthrotomy Simultaneous lateral arthrotomy

Table 1: Indications for Opening-wedge and Closing wedge High Tibial Osteotomies.  

Abbreviations: ACL Anterior Cruciate Ligament; MCL Medial Collateral Ligament



If osteotomy line passes through CORA, 
realignment occurs without translation. 
When the osteotomy is performed at 
another level than at the CORA, the axis 
will not only realign by angulation, but 
translation will occur as well. In that case, 
correction of the mechanical axis may be 
achieved but a pathological joint line 
orientation may be the secondar y 
adverse result.

should be performed at its source (femur, 
tibia, or both) and, if possible, at the 
center  o f  ro tat i o n  o f  ang u lat i o n 
(CORA). CORA is the angle formed 
between the intersection of the proximal 
and distal axis of a deformed bone and it 
is a measure of the angular deformity. 

The goal of correction depends on the 
patient's morphotype. Neutral alignment 
is the goal of post-traumatic conditions 
without knee osteoarthritis. In varus 
alignment associated w ith medial 

compartment osteoarthritis of the knee, 
the target should be to obtain of some 
degree of overcorrection to unload the 
affected compartment [10,11]. In lateral 
compartment osteoarthritis associated 
with valgus alignment correction to 
neutral often sufficiently unloads the 
diseased compartment. In the case of 
collateral ligament laxity, only correction 
to neutral (rather than valgus) alignment 
should be obtained to avoid overloading 
the lateral compartment  [12].

In Dougdale's method, the angle of 
correction is included between the 
mechanical axis of the femur and the 
mechanical axis of the tibia passing 
through the Fujisawa point.  

Types of  Osteotomy 

osteotomy.

Medial opening-wedge HTO is usually 
performed in case of severe varus 
d e f o r m i t y  w i t h  p r o x i m a l  t i b i a l 
malrotation, as is often seen in patients 
with idiopathic varus morphotype. 
Furthermore, this type of osteotomy can 
be used in case of associated ligament 
laxity, in order to correct the tibial slope.

Several methods for osteotomy planning 
are described in the literature. The most 
used are the Miniaci [13] method and 
Dugdale [6] (Fig.2). 

The amount of bone to be resected to 
obtain the desired angular correction 
must be measured at the osteotomy site 
by reporting the angle obtained from the 
planning [6,13].

The two most common types of knee 
osteotomies are HTO, a reshaping of the 
shin bone, and femoral distal osteotomy 
(DFO), a reshaping of the thigh bone. 
HTOs are commonly used to correct 
varus deformities, while DFOs aim is to 
correct valgus deformities around the 
knee.

Varus deformities can be corrected 
through opening-wedge HTO and 
closing-wedge HTO.

Instead, a lateral closing-wedge HTO is 
performed for OA patients with no 
morphotype alterations and with light or 
moderate deformity and the tibial slope 
doesn't have to be modified [12]. (Table 
1)

The first considers the hinge of planned 
osteotomy as a starting point for angle 
measurement. The angle to correct is 
included between a line passing through 
the center of the ankle joint and a line 
passing to the distal apex of the correct 

mechanical axis.

Regarding HTO, various techniques 
have been described including closing 
wedge osteotomy, opening wedge 
osteotomy, dome osteotomy, progressive 
callus distraction, and chevron

The additional factors influencing the 
choice of osteotomy technique are 
patellar height, age, bone and tissue 
quality, limb length, functional demand, 
previous incisions, and psychological 
aspects. Patients with a high risk of 
nonunion such as smokers, diabetic or 

www.jcorth.com
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Figure 2: Diagram of the planning method for knee osteotomy according to:
a) Miniaci: the hinge of planned osteotomy is considered as starting point for angle 
measurement. The angle to correct is included between a line passing through the center of 
the ankle joint and a line passing to the distal apex of the correct mechanical axis.
b) Dugdale: the angle of correction is included between the mechanical axis of the femur and 
the mechanical axis of the tibia passing through the Fujisawa point. The amount of bone to be 
resected to obtain the desired angular correction must be measured at the osteotomy site by 
reporting the angle obtained from the planning.



www.jcorth.com

heavy patients, should be a strong 
candidate for closing-wedge osteotomy.

However, closing-wedge osteotomy 
alters the tibial shape, which can 
complicate successive arthroplasty. 
Additionally, the need for f ibular 
osteotomy increases the risk of non-
union and peroneal nerve palsy. 

The disadvantages are the potential for 
loss of correction due to unstable 
fixation, longer rehabilitation, higher 
nonunion rates, higher need for bone 
grafting, and an increase of patella baja 
incidence.
Lateral closing-wedge HTO does not 
necessitate bone grafting, permits earlier 
weight-bearing has less risk of nonunion 

and loss of correction [2] . (Table 2)

The choice of the appropriate technique 
for each patient must be taken on the 
account of advantages and disadvantages 
of each technique. Medial opening-
w e d ge  H TO  ad v a n t age s  i n c l u d e 
preservation of the tibiofibular joint (the 
technique does not require fibular 
osteotomy), no risk of neurovascular 
complications, loosening of

Isolated osteotomy vs combined 
procedure 

shortening, therefore maintaining of the 
normal anatomical tibial bone shape after 
the procedure.

The advantages of the opening wedge 
technique over the medial closing wedge 
technique include a single bone cut, 
avoidance of vascular structures, and 
supposedly better control of the amount 
of correction [14]. Disadvantages 
comprise the risk for delayed union or 
nonunion given that 2 bone-graft 
interfaces must heal and irritation of 
sensitive lateral knee structures by 
hardware or surgical trauma [15]. (Table 
3)

posterolateral structures, or limb

According to them, HTO buys time and 
allows the patients to lead a normal life 
for 10–15 years. Flecher, Gstöttner, 
Akizuki, Hui et al. also found good long-
term survival results of closing-wedge 
HTO in their study [17-20]. Laprade 
f o u n d  t hat  o p en i ng- wedge  H TO 
significantly improved the subjective and 
objective clinical outcome scores along 

Isolated lateral compartment OA is less 
common than medial OA and can be 
treated at the proximal tibia or, more 
commonly, at the distal femur. Valgus 
correction on the tibial side has been 
disapproved because a varus-producing 
HTO can generate an obliquity of the 
joint line, which is rare with correction on 
the femoral side. Distal femoral varus 
osteotomy can be performed with medial 
closing wedge or lateral opening wedge 
techniques.

osteotomy redistributes the forces 
toward the normal side, however, normal 
values were never attained [16].

High tibial osteotomy is a safe procedure 
for young patients who are suffering from 
early osteoarthritis. Papachristou et al. 
found medium-term good results and 
they concluded that corrective

Alesi D et al.
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Lateral Opening Wedge Technique                   Medial closing wedge Technique

Single bone cut Better union rate

Avoidance of vascular structures Risk of neurovascular lesions

Delayed union/nonunion Better bone healing

Better control of the amount of correction
Suboptimal control of the amount of 

correction

Table 3: Advantages and Disadvantages for Lateral Opening Wedge and Medial 
Closing Wedge Distal Femoral Varus Osteotomy.

Distal Femoral Varus Osteotomy (DFVO)

Opening-wedge HTO Closing-wedge HTO

Faster surgery Longer surgery

Higher precision Lower precision

Risk of the saphenous nerve lesion Risk of the peroneus nerve lesion

No limb shortening Possible limb shortening

No loosening of posterolateral 

structures

Risk of posterolateral structures 

lesions

Bone graft necessary in case of high 

correction
No graft necessary

Longer rehabilitation Faster rehabilitation

No tibial shape alteration Modifies tibial shape

Table 2:  Adavantages and disadvantages for Opening-wedge and 

Closing wedge High Tibial Osteotomies
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Author N. of patients
Years of 

follow-up
Procedure performed Clinical outcomes

Papachristou 

(2006)
44 knees Mean 10 years Closing-wedge HTO

The average postoperative HSS Knee score was 83.5 points for patients with excellent or good 

results where the preoperative score was 52 points. Survivorship rate of 80% and 66% at 10 

and 15 years respectively, and over 52.8% at 17 years of follow-up.

Flecher (2006) 301 knees Mean 18 year Closing-wedge HTO
The survival rate was 85% at 20 years with revision as the endpoint. Knee function was 

considered satisfactory by 77% of patients.

Gstöttner 

(2008)
134 knees 18 year Closing-wedge HTO

Survival rate was 94% after 5 years, 79.9% after10 years, 65.5% after 15 years, and 54.1% 

after 18 years.

Akizuki  (2008) 159 knees
Mean 16.4 

years
Closing-wedge HTO

Kaplan-Meier survival was 97.6% at 10 years and 90.4% at 15 years. HSS knee score was 

excellent and good in 73.7% cases.

Hui (2011) 394 patients
Minimum 15 

years follow up
Closing-wedge HTO

Survival at 5, 10, and 15 years was 95%, 79%, and 56%, respectively. 
Multivariate regression analysis showed that age under 50 years (P = 0.001), BMI less than 25  
(P = 0.006), and ACL deficiency (P = 0.03) were associated with better odds of survival. 
Mean Oxford Knee Score was 40 of 48 (range, 17-48). 85% of the patients were satisfied.

Laprade 

(2012)
47 patients 

minimum of  2 

years follow-up
Opening-wedge HTO

Modified Cincinnati Knee Scores improved significantly from 42.9 preoperatively to 65.1. 

Significant improvement in malalignment. The Insall-Salvati index decreased from 1.03 to 0.95 

(P < 0.05), and posterior tibial slope increased from 9.4° to 11.7° (P < 0.05). 

Floerkemeier 

(2013)
386 patients Mean 3.6 year Opening-wedge HTO

The mean Oxford Knee Score was 43 points. Lower score observed in patients with a higher 

preoperative medial cartilage lesion. No correlation between patient age and the Oxford Knee 

Score.

Bonnin (2013) 139 patients
mean 50 

months

Closing-wedge HTO in 

88 patients  Opening-

wedge HTO in 51 

patients

63% found their knee "normal," and 62% felt that their activities were limited by their knee. 

56% were as active as before the intervention and 98% of them were satisfied. Those who 

were not as active as they thought, 51% were satisfied (P < 0.0001).

Liu (2019) 38 patients
minimum of 2 

years
Opening-wedge HTO

88.2% of return to sport by 7.5 months postoperatively but only 41.2% were able to return to 

preinjury level of participation. 40% of patients underwent knee arthroplasty by 6.1 years post-

operatively hence HTO is not a definitive procedure.

Berruto (2020) 94 knees

Mean follow-up 

11.9 ± 7.2 

years.

Closing-wedge HTO 

HSS Score increased significantly from 70.8 ± 10 to 93.2 ± 9.1 (p < 0.05). VAS score 

significantly decreased from 7.9 ± 1.4 to 1.6 ± 1.1 (p < 0.05). HKA angle decreased from 

6.9° ± 3.5 to 2.6° ± 2.6 (p < 0.01), tibial slope decreased from 10.1° ± 1.4 to 6.8° ± 2.1 (p < 

0.05). Survivorship rate was 92% at 10 years, 82% at 15 years and 80% at 20 years.

Table 4: Isolated Osteotomy procedures and their clinical outcomes.

Abbreviations: HTO High Tibial Osteotomy, HSS  Hospital for Special Surgery, ACL Anterior Cruciate Ligament, BMI Body Mass Index, HKA Hip Knee Ankle
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Improved meniscal and cartilage

reconstruction. (Table 4)

Cartilage restoration techniques used in 
conjunction with HTO are effective for 
improving function and relieving pain 
because there is likely a synergistic 
relation between cartilage restoration 
and knee real ignment.  Improved 
mechanical axis alignment results in 
improved cartilage healing and this 
improved cartilage status is responsible 
for increased pain relief following HTO 
[27,28]. In the absence of coronal plane 
deformity, an isolated chondral

Indication for concomitant HTO and 
cartilage restoration procedure is grade 2 
or 3 chondral lesions in the medial 
compartment associated with a varus 
knee, with an intact lateral compartment 
with stable joint and without significant 
limitation of movement, and without 
patellar malposition in the young and 
active patient [30]. HTO creates a 
suitable environment for cartilage 
restoration by offloading the damaged 
cartilage. Microfracture is the most 
commonly used cartilage restoration 
procedure while autologousresurfacing procedure might be
chondrocyte transfer is the second most 
widely used procedure [31]. HTO and 
concomitant cartilage procedures may 

with the correction of malalignment 
[21]. Floerkemeier et al. found favorable 
midterm results after opening wedge 
HTO in varus osteoarthritis, even in 
older patients with a high degree of 
car ti lage damage [22] .  Liu et  al . 
concluded that isolated opening-wedge 
HTO provides a high rate of return to the 
sport in patients with medial

malalignment correction is mandatory, 
hence a combined approach appears 
sensible [29].

HTO + Cartilage procedures

performed, but when deformity may 
result in a mechanical overload of the 
affected compartment then the isolated 

procedure is contraindicated. Before any 
cartilage repair procedure, a

osteoarthritis and varus deformity, 
however, only a fraction of patients 
returned to their preinjury level [23]. 
Similar results were also found by Bonnin 
et al. [24] According to Berruto et al., 
HTO is a valid option for medial 
osteoarthritis treatment, with successful 
results in both clinical and radiological 
outcomes [25]. 

restoration techniques renewed interest 
in knee osteotomies in young patients 
with knee pain and joint surface defects 

[26]. In the last decade, the majority of 
osteotomies have been performed in 
combined with cartilage repair, meniscal 
transplantation, and ligament
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Author
N. of 

patients
Years of follow-up Procedure performed Clinical outcomes

Sterett (2010) 106 knees 
medial opening-wedge HTO and 

microfracture 

At 5 years, survivorship was 97%. At 7 years, survivorship was 91%. After combined HTO/microfracture; patients 

had a mean delay of 81.3 months for arthroplasty procedure.

Bode (2015) 40 patients mean follow-up of 60 months ACI and HTO

Significant decrease in VAS from 6.7 ± 1.9 points to 2.2 ± 1.3 points. Lysholm score improved from 54.4±18.9 to 

76.2±19.8 points. The mean KOOS subscales were 81.4 ± 18.0 for pain, 81.3 ± 14.0 for 

symptoms, 87.6 ± 16.2 for activity in daily living, 66.7 ± 22.8 for function in sport and recreation, and 55.5 ± 22.0 
for knee-related quality of living. Revision surgery required in four cases (failure rate 10 %).

Schuster (2015) 91 knees a minimum follow-up of 5 years

medial opening-wedge HTO 

combined with a chondral 

resurfacing procedure

The survival rate was 95.2% at 5 years. Subjective IKDC scores significantly improved from 45.1 ± 11.6 to 67.2 ± 

14.4 points after 5 years (P < .001). 94.9% of cases were satisfied with the result after 5 years.

Hsu (2018) 17 patients minimum of 2 years follow-up HTO + OCA 
88% had intact allografts with a mean survival of 8.1 years (SD 3.3) also mean pain and function scores improved 
significantly and IKDC total scores improved significantly from 40.9 ± 15.4 to 75.5 ± 24.0 (P = 0.003). 
92% of patients were satisfied with the results of the surgery. 12% failed at a mean of 9.3 years. 

Agarwalla (2020) 28 patients minimum of 2 years follow-up HTO + OCA 
88.5% of patients returned to the same level of occupational intensity by 3.5 ± 2.9 months postoperatively. 
A high rate of return to work (RTW) (96.2%) by 3.5 ± 2.9 months postoperatively and RTW depends on
occupational intensity. 

Marcacci (2013) 43 patients Mean 3 years follow-up

Liu (2019) 22 patients Minimum 2 years follow up
HTO with concomitant medial 

MAT
High rates return to sport (87.5%) and return to work (100%) by 9.7 months and 3.1 months, respectively.

Table 5: Combined HTO and cartilage procedure or meniscal procedure and their clinical outcomes.

Abbreviations: ACI Autologous Chondrocyte Implantation, VAS Visual Analog Scale, KOOS Knee Injury and Osteoarthritis Outcome Score, 
IKDC International Knee Doc

15 osteotomy and osteochondral 
biomimetic scaffold, 
11 osteotomy and meniscal scaffold,  
9 osteotomy and meniscal allograft, 
8 with both cartilage and meniscal 
reconstruction     

subjective IKDC improved from 47.3 to 79.6 (p < 0.0005), 
VAS improved from 6.1 to 2.3 (p < 0.0005), 
sport activity level showed a significant improvement (Tegner score) from 2 to 4; p < 0.0005. 
A positive outcome obtained in all the subgroups. 
Higher clinical improvement in patients under the age of 40 years (IKDC subjective 84.4 ± 13.2 vs 76.5 ± 17.3; p = 0.03). 



Author N. of patients Years of follow-up Procedure performed Clinical outcomes

Bonin (2004) 30 knees 12 years mean followup Single-stage combined ACL reconstruction with valgus HTO

Zaffagnini (2013) 32 patients Mean 6.5 ± 2.7 years
Single-bundle over-the-top ACL reconstruction with concomitant closing-

wedge lateral HTO

Subjective and objective IKDC, Tegner Activity Level, EQ-5D, VAS for pain, and 

AP laxity assessment with KT-1000 arthrometer; significantly improved from pre-

operative status to final follow-up. 

Trojani (2014) 29 Patients mean 6 years ACL reconstruction combined with medial opening wedge HTO
Combined ACL reconstruction and valgus HTO relieved pain in 70% of cases and 
restored knee stability enabling a return to the sport in 80%. 
97% of patients were satisfied by outcomes.

Mehl (2017) 52 patients mean of 5.8 years

Schneider (2020) 36 knees mean follow-up of 10 ± 5.2 years Simultaneous ACL reconstruction and opening wedge HTO

Schuster (2020) 21 Patients a minimum follow-up of 10 years
Medial opening-wedge HTO combined with ACL reconstruction and 

chondral resurfacing (CR) procedure 

At the final follow-up, survival was 100%. Subjective IKDC score improved from 
47 ± 11 to 70 ± 16 (p < 0.001).
At the final follow-up, the Oxford Knee Score was 40 ± 7 and pain-level significantly 
decreased from 7.5 ± 1.0 to 2.9 ± 2.3 (p < 0.001). All patients were satisfied with the result.  

Table 6: Combined Procedure of ACL and HTO and their clinical outcomes.

www.jcorth.comAlesi D et al.
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potentially delay the need for TKA. 
Sterett et al. found more than 90 % 
survivorship at 7 years and a delay for 
knee replacement in active patients 
treated with HTO and concomitant 
cartilage procedures [32]. Bode et al. 
found that concomitant autologous 
chondrocyte implantation (ACI) and 
HTO had significantly higher survival 
and better clinical outcome compared 
with ACI alone. Moreover, cartilage 
lesions treated with HTO even with 
varus deformities of <5° leads to a 
reduced rate of reinterventions and 
longer survival rates [33]. 
Agarwalla et al. found that HTO with 
concomitant osteochondral allograft 
transplantation of the medial femoral 
condyle leads to a return to work in the 
majority of the patients with focal 
chondral deficiency and varus deformity. 
However,  t iming depends on the 
intensity of the work [34]. Hsu et al. also 
found this procedure safe and effective in 
properly selected patients [35].

mesenchymal stem cells (MSCs) can also 
be added to HTO which results in 
improve cartilage healing. Koh et al. 
found in their study that HTO along with 
MSC improved cartilage healing more 
than PRP as identified by second-look 
arthroscopy. Also, patients with MSC 
augmentation showed improved

HTO+Meniscal allograft
transplantation

Platelet-rich plasma (PRP) or

outcome measures [36]. 

Therefore, HTO with concomitant 
medial MAT is an appropriate treatment 
option for younger, active patients who 
wish to continue an active lifestyle. 
(Table 5)

Chronic ACL lesions may cause a medial 
meniscal tear.  Meniscectomy may 

Meniscal al lograft transplantation 
(MAT) is an effective treatment to 
decrease pain and improve knee function 
in patients who are still symptomatic 
after a meniscectomy [37]. MAT is often 
indicated in young, active patients with 
total or subtotal meniscal damage [38]. 
Concomitant HTO may improve clinical 
outcomes following MAT by relieving 
pressure in the medial compartment. 
Verdonk et al. found in their study that 
HTO with concomitant medial meniscal 

transplant resulted in an improvement in 
pain and function as well as a cumulative 
survival rate and duration of 83.3% and 
13.0 years, respectively [39]. Liu et al. 
reported high rates of return to sports 
(87.5%) and return to work (100%) in 
medial meniscal deficiency and varus 
deformity cases, which were treated by 
HTO plus MAT. However, a return to 
high-intensity activities may be unlikely 
or delayed. Marcacci et al. also found 
similar results in their integrated 
biological and biomechanical approach 
and they found greater clinical and 
subjective improvement in younger 
patients [40].

HTO + ACL Reconstruction

Abbreviations: ACL Anterior Cruciate Ligament, HTO High Tibial Osteotomy, IKDC International Knee Documentation Committee, VAS Visual Analog Scale, AP Anteroposterior, OA Osteoarthriti

Only 5 knees had progressed one arthritis grade. 
14 patients returned to intensive sports, and a further 11 played 
moderate sports. 
The mean difference in anterior tibial translation with the opposite 
normal knee was 3 mm.   

Pain improved in 81% of patients while instability improved in 79% without 
significant group difference. Significant worse results in group 1 for the 
Lysholm score and the IKDC score. No group difference for the KT-2000 
examination. A significant post-operative increase of radiographic OA in both 
groups without significant group differences.    

Symptomatic varus osteoarthritis and deficiency of the ACL in all patients. 
26 patients had HTO alone (group 1) while 26 patients had single-stage HTO 
and ACL reconstruction (group 2)   

80% of patients returned to the sport, 31% returned to the sport at the same level, 
and 17% to competitive sports. Subjective IKDC score improved by 30.2 
points (p<0.001) 
Lysholm scores were 82 ± 14.1 at the final follow-up.
88% of patients were satisfied and a significant decrease in mean Tegner activity 
level (p < 0.01).
The mean preoperative mechanical axis was 4.2° ± 2.6° varus and 0.8° ± 2.7° 
valgus at follow-up.    
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reconstruction and a chondral
resurfacing (CR) procedure
(abrasion/microfracture) [46].
If not corrected during primary ACL 
reconstruction, an excessive posterior 
tibial slope (>12°) may results in the 
anterior shift of the tibia's resting 
position, thus increasing anterior 
translational forces on the ACL which 
may lead to re-rupture of ACL [47].                   
Moreover, this sagittal imbalance of the 
tibia can lead to abnormal loading of a 
knee compartment, resulting in damage 
to menisci and articular cartilage [48]. 
HTO corrects the pathological posterior 
tibial slope and this reduced posterior 

tibial slopes may have a protective effect 
on the ACL graft, by reducing anterior 
laxity thereby reducing the re-rupture 
rate [49]. Gupta et al. found in their 
systematic review that HTO for revision 
ACL surger y produces good post-
operative functional outcomes, low 
complication rates, and no re-ruptures. 
According to them posterior slope of 
more than 12° or severe varus

Conclusion

require for this meniscal tear, which may 
cause medial compartment

malalignment were the main indications 
for combined HTO with ACL revision 
[50]. 
HTO also correct the varus

malalignment may compromise the ACL 
function or increase the risk of failure of 
the reconstruction. Moreover, an ACL-
deficient knee combined with a varus 
alignment can accelerate the progression 
of arthritis. Therefore, combined ACL 
reconstruction and HTO is a good 
option for such complex patients, who 
are usually young. Zaffagnini et al. found 
in their study that concomitant ACL 
reconstruction (primary/revision) with 
closing-wedge HTO in chronic ACL 
deficiency, varus alignment, and initial 
medial osteoarthritis patients, reduced 
pain, improved knee function, and laxity 
[41]. Bonin et al. found in the long term 
follow-up of 12 years that concomitant 
ACL reconstruction with HTO has low 
morbidity, controls anterior laxity, allows 
many patients to return to sports, and not 
associated with a higher increase of OA 
[42]. Similarly, Trojani et al .  and 
Schneider et al. also found that combined 
procedure relieved pain and restored 

knee stability enabling a return to the 
sport in the majority of patients [43,44]. 
Mehl reported signif icantly worse 
Lysholm and IKDC scores in patients 
treated by HTO alone compared with 
single-stage HTO and ACL
reconstruction for ACL deficit knee with 
symptomatic varus osteoarthritis [45].   
Schuster et al. found excellent results in a 
long-term follow-up in selected young 
patients even in severe osteoarthritis by 
performing a combined approach medial 
opening wedge HTO with ACL

malalignment and delay the progression 
of osteoarthritis by controlling anterior 
tibial translation and offloading the 
medial compartment of the knee. (Table 
6)

Osteotomy around the knee represents a 
suitable treatment for the biological 
restoration of knee function and to delay 
the need for TKA. Understanding it's 
rational and the possibility to combine it 
with other procedures allows us to obtain 
the most clinical benefit for the patient.

osteoarthritis and progressive varus 
malalignment of the lower extremity. On 
the other hand, severe varus

References

11. Hernigou P, Medevielle D, Debeyre J, Goutallier D. Proximal tibial 
osteotomy for osteoarthritis with varus deformity. A ten to thirteen-year 
follow-up study. J Bone Joint Surg Am 1987;69:332–54.

14. Cameron JI, McCauley JC, Kermanshahi AY, Bugbee WD. Lateral Opening-
wedge Distal Femoral Osteotomy: Pain Relief, Functional Improvement, 

13. Miniaci A, Ballmer FT, Ballmer PM, Jakob RP. Proximal tibial osteotomy. A 
new fixation device. Clin Orthop 1989:250–9.

7. Fujisawa Y, Masuhara K, Shiomi S. The effect of high tibial osteotomy on 
osteoarthritis of the knee. An arthroscopic study of 54 knee joints. Orthop 
Clin North Am 1979;10:585–608.

        https://doi.org/10.1007/s00132-003-0591-2.

6. Dugdale TW, Noyes FR, Styer D. Preoperative planning for high tibial 
osteotomy. The effect of lateral tibiofemoral separation and tibiofemoral 
length. Clin Orthop 1992:248–64.

8. Dejour H, Walch G, Deschamps G, Chambat P. Arthrosis of the knee in 

chronic  anter ior  la x it y.  Or thop Traumatol  Surg R es  OTSR 
2014;100:49–58. https://doi.org/10.1016/j.otsr.2013.12.010.

10. Coventry MB, Ilstrup DM, Wallrichs SL. Proximal tibial osteotomy. A 
critical long-term study of eighty-seven cases. J Bone Joint Surg Am 
1993;75:196–201.

3. Coventry MB. Osteotomy of the upper portion of the tibia for degenerative 
arthritis of the knee. A preliminary report. J Bone Joint Surg Am 
1965;47:984–90.

5. Pape D, Adam F, Rupp S, Seil R, Kohn D. [Stability, bone healing and loss of 
correction after valgus realignment of the tibial head. A roentgen 
stereometry analysis]. Orthopade 2004;33:208–17.

1. Jackson J. Osteotomy for osteoarthritis of the knee. J Bone Jt Surg Br 
1958:40:826.

4. Healy WL, Anglen JO, Wasilewski SA, Krackow KA. Distal femoral varus 
osteotomy. J Bone Joint Surg Am 1988;70:102–9.

9. Lee DK, Wang JH, Won Y, Min YK, Jaiswal S, Lee BH, et al. Preoperative 
latent medial laxity and correction angle are crucial factors for 
overcorrection in medial open-wedge high tibial osteotomy. Knee Surg 
Spor ts  Traumatol  A r throsc  O f f  J  ESSKA 2020;28:1411–8. 
https://doi.org/10.1007/s00167-019-05502-6.

12. Gomoll AH, Filardo G, Almqvist FK, Bugbee WD, Jelic M, Monllau JC, et 
al. Surgical treatment for early osteoarthritis. Part II: allografts and 
concurrent procedures. Knee Surg Sports Traumatol Arthrosc Off J ESSKA 
2012;20:468–86. https://doi.org/10.1007/s00167-011-1714-7.

2. Wardle EN. Osteotomy of the tibia and fibula. Surg Gynecol Obstet 
1962;115:61–4.



www.jcorth.comwww.jcorth.comAlesi D et al.

  Journal of Clinical Orthopaedics  Volume 5  Issue 1  January-June 2020  Page 21-3029| | | | |

and Survivorship at 5 Years. Clin Orthop Relat Res 2015;473:2009–15. 
https://doi.org/10.1007/s11999-014-4106-8.

15. Chan DB, Jeffcoat DM, Lorich DG, Helfet DL. Nonunions around the knee 
joint. Int Orthop 2010;34:271–81. https://doi.org/10.1007/s00264-
009-0924-9.

16. Papachristou G, Plessas S, Sourlas J, Levidiotis C, Chronopoulos E, 
Papachristou C. Deterioration of long-term results following high tibial 
osteotomy in patients under 60 years of age. Int Orthop 2006;30:403–8. 
https://doi.org/10.1007/s00264-006-0098-7.

18. Gstöttner M, Michaela G, Pedross F, Florian P, Liebensteiner M, Michael L, 
et al. Long-term outcome after high tibial osteotomy. Arch Orthop Trauma 
Surg 2008;128:111–5. https://doi.org/10.1007/s00402-007-0438-0.

37. Barber-Westin SD, Noyes FR. Low-impact sports activities are feasible after 
meniscus transplantation: a systematic review. Knee Surg Sports 
Traumatol Arthrosc Off J ESSKA 2018;26:1950–8.

        https://doi.org/10.2106/JBJS.E.00875.

21. Laprade RF, Spiridonov SI, Nystrom LM, Jansson KS. Prospective 
outcomes of young and middle-aged adults with medial compartment 
osteoarthritis treated with a proximal tibial opening wedge osteotomy. 
Arthrosc J Arthrosc Relat Surg Off Publ Arthrosc Assoc N Am Int Arthrosc 
Assoc 2012;28:354–64. https://doi.org/10.1016/j.arthro.2011.08.310.

25. Berruto M, Maione A, Tradati D, Ferrua P, Uboldi FM, Usellini E. Closing-
wedge high tibial osteotomy, a reliable procedure for osteoarthritic varus 
knee. Knee Surg Sports Traumatol Arthrosc Off J ESSKA 2020. 
https://doi.org/10.1007/s00167-020-05890-0.

39. Verdonk PCM, Demurie A, Almqvist KF, Veys EM, Verbruggen G, Verdonk 
R. Transplantation of viable meniscal allograft. Survivorship analysis and 
clinical outcome of one hundred cases. J Bone Joint Surg Am 
2005;87:715–24. https://doi.org/10.2106/JBJS.C.01344.

40. Marcacci M, Zaffagnini S, Kon E, Marcheggiani Muccioli GM, Di Martino 
A, Di Matteo B, et al. Unicompartmental osteoarthritis: an integrated 
biomechanical and biological approach as alternative to metal resurfacing. 
Knee Surg Sports Traumatol Arthrosc Off J ESSKA 2013;21:2509–17. 
https://doi.org/10.1007/s00167-013-2388-0.

20. Hui C, Salmon LJ, Kok A, Williams HA, Hockers N, van der Tempel WM, et 
al. Long-term survival of high tibial osteotomy for medial compartment 
osteoarthritis of the knee. Am J Sports Med 2011;39:64–70. 
https://doi.org/10.1177/0363546510377445.

41. Zaffagnini S, Bonanzinga T, Grassi A, Marcheggiani Muccioli GM, Musiani 
C, Raggi F, et al. Combined ACL reconstruction and closing-wedge HTO 
for varus angulated ACL-deficient knees. Knee Surg Sports Traumatol 
Arthrosc Off J ESSKA 2013;21:934–41.

23. Liu JN, Agarwalla A, Garcia GH, Christian DR, Redondo ML, Yanke AB, et 
al. Return to sport following isolated opening wedge high tibial osteotomy. 
The Knee 2019;26:1306–12. 

35. Hsu AC, Tirico LEP, Lin AG, Pulido PA, Bugbee WD. Osteochondral 
Allograft Transplantation and Opening Wedge Tibial Osteotomy: Clinical 
Results of a Combined Single Procedure. Cartilage 2018;9:248–54. 
https://doi.org/10.1177/1947603517710307.

19. Akizuki S, Shibakawa A, Takizawa T, Yamazaki I, Horiuchi H. The long-term 
outcome of high tibial osteotomy: a ten- to 20-year follow-up. J Bone Joint 
S u r g  B r  2 0 0 8 ; 9 0 : 5 9 2 – 6 .  h t t p s : / / d o i .o r g / 1 0 . 1 3 0 2 / 0 3 0 1 -
620X.90B5.20386.

27. Wright JM, Crockett HC, Slawski DP, Madsen MW, Windsor RE. High 
t ibial  osteotomy. J  Am Acad Or thop Surg 2005;13:279–89. 
https://doi.org/10.5435/00124635-200507000-00007.

17. Flecher X, Parratte S, Aubaniac J-M, Argenson J-NA. A 12-28-year followup 
study of closing wedge high tibial osteotomy. Clin Orthop 2006;452:91–6. 
https://doi.org/10.1097/01.blo.0000229362.12244.f6.

28. Rossi R, Bonasia DE, Amendola A. The role of high tibial osteotomy in the 
varus knee. J Am Acad Orthop Surg 2011;19:590–9.

30. Gao L, Madry H, Chugaev DV, Denti M, Frolov A, Burtsev M, et al. 
Advances in modern osteotomies around the knee� : Report on the 
Association of Sports Traumatology, Arthroscopy, Orthopaedic surgery, 
Rehabilitation (ASTAOR) Moscow International Osteotomy Congress 
2017. J Exp Orthop 2019;6:9. https://doi.org/10.1186/s40634-019-
0177-5.

24. Bonnin MP, Laurent J-R, Zadegan F, Badet R, Pooler Archbold HA, Servien 
E. Can patients really participate in sport after high tibial osteotomy? Knee 
Surg Sports Traumatol Arthrosc Off J ESSKA 2013;21:64–73. 
https://doi.org/10.1007/s00167-011-1461-9.

32. Sterett WI, Steadman JR, Huang MJ, Matheny LM, Briggs KK. Chondral 
resurfacing and high tibial osteotomy in the varus knee: survivorship 
analysis. Am J Sports Med 2010;38:1420–4.

33. Bode G, Ogon P, Pestka J, Zwingmann J, Feucht M, Südkamp N, et al. 
Clinical outcome and return to work following single-stage combined 
autologous chondrocyte implantation and high tibial osteotomy. Int 
Orthop 2015;39:689–96. https://doi.org/10.1007/s00264-014-2547-z.

       https://doi.org/10.5435/00124635-201110000-00003.

22. Floerkemeier S, Staubli AE, Schroeter S, Goldhahn S, Lobenhoffer P. 
Outcome after high tibial open-wedge osteotomy: a retrospective 
evaluation of 533 patients. Knee Surg Sports Traumatol Arthrosc Off J 
ESSKA 2013;21:170–80. https://doi.org/10.1007/s00167-012-2087-2. 36. Koh Y-G, Kwon O-R, Kim Y-S, Choi Y-J. Comparative outcomes of open-

wedge high tibial osteotomy with platelet-rich plasma alone or in 
combination with mesenchymal stem cell treatment: a prospective study. 
Arthrosc J Arthrosc Relat Surg Off Publ Arthrosc Assoc N Am Int Arthrosc 
Assoc 2014;30:1453–60. https://doi.org/10.1016/j.arthro.2014.05.036.

         https://doi.org/10.1007/s00167-017-4658-8.

29. Schuster P, Schulz M, Mayer P, Schlumberger M, Immendoerfer M, Richter 
J .  O p e n - We d g e  H i g h  Ti b i a l  O s t e o t o m y  a n d  C o m b i n e d 
Abrasion/Microfracture in Severe Medial Osteoarthritis and Varus 

Malalignment: 5-Year Results and Arthroscopic Findings After 2 Years. 
Arthrosc J Arthrosc Relat Surg Off Publ Arthrosc Assoc N Am Int Arthrosc 
Assoc 2015;31:1279–88. https://doi.org/10.1016/j.arthro.2015.02.010.

26. Liu JN, Agarwalla A, Gomoll AH. High Tibial Osteotomy and Medial 
Me n i s c u s  Tr a n s p l a n t .  C l i n  S p o r t s  Me d  2 0 1 9 ; 3 8 : 4 0 1 – 1 6 . 
https://doi.org/10.1016/j.csm.2019.02.006.

31. Kahlenberg CA, Nwachukwu BU, Hamid KS, Steinhaus ME, Williams RJ. 
Analysis of Outcomes for High Tibial Osteotomies Performed With 
Cartilage Restoration Techniques. Arthrosc J Arthrosc Relat Surg Off Publ 
Ar throsc A ssoc N Am Int Ar throsc A ssoc 2017;33:486–92. 
https://doi.org/10.1016/j.arthro.2016.08.010.

38. Verdonk PCM, Demurie A, Almqvist KF, Veys EM, Verbruggen G, Verdonk 
R. Transplantation of viable meniscal allograft. Surgical technique. J Bone 
Joint Surg Am 2006;88 Suppl 1 Pt 1:109–18.

         https://doi.org/10.1016/j.knee.2019.08.002.

34. Agarwalla A, Christian DR, Liu JN, Garcia GH, Redondo ML, Gowd AK, et 
al. Return to Work Following High Tibial Osteotomy With Concomitant 
Osteochondral Allograft Transplantation. Arthrosc J Arthrosc Relat Surg 
Off Publ Arthrosc Assoc N Am Int Arthrosc Assoc 2020;36:808–15. 
https://doi.org/10.1016/j.arthro.2019.08.046.

         https://doi.org/10.1177/0363546509360403.



www.jcorth.comwww.jcorth.comAlesi D et al.

  Journal of Clinical Orthopaedics  Volume 5  Issue 1  January-June 2020  Page 21-3030| | | | |

Alesi D, Rinaldi VG, Meena A, Muccioli GMM, Zaffagnini S  Understanding |

osteotomy: a narrative review  Journal of Clinical Orthopaedics  January-June | | 

2020; 5(1):21-30.
Source of Support: NIL
Conflict of Interest: NIL

How to Cite this Article

         https://doi.org/10.1007/s00167-013-2400-8.

42. Bonin N, Ait Si Selmi T, Donell ST, Dejour H, Neyret P. Anterior cruciate 
reconstruction combined with valgus upper tibial osteotomy: 12 years 
follow-up. The Knee 2004;11:431–7.

45. Mehl J, Paul J, Feucht MJ, Bode G, Imhoff AB, Südkamp NP, et al. ACL 
deficiency and varus osteoarthritis: high tibial osteotomy alone or 
combined with ACL reconstruction? Arch Orthop Trauma Surg 
2017;137:233–40. https://doi.org/10.1007/s00402-016-2604-8.

         https://doi.org/10.1016/j.knee.2004.02.001.

50. Gupta A, Tejpal T, Shanmugaraj A, Horner NS, Simunovic N, Duong A, et 
al. Surgical Techniques, Outcomes, Indications, and Complications of 
Simultaneous High Tibial Osteotomy and Anterior Cruciate Ligament 
Revision Surgery: A Systematic Review. HSS J Musculoskelet J Hosp Spec 
Surg 2019;15:176–84. https://doi.org/10.1007/s11420-018-9630-8.46. Schuster P, Schlumberger M, Mayer P, Eichinger M, Geßlein M, Schulz-

Jahrsdörfer M, et al. Excellent long-term results in combined high tibial 
osteotomy, anterior cruciate ligament reconstruction and chondral 
resurfacing in patients with severe osteoarthritis and varus alignment. Knee 
Surg Sports Traumatol Arthrosc Off J ESSKA 2020;28:1085–91. 
https://doi.org/10.1007/s00167-019-05671-4.

48. van de Pol GJ, Arnold MP, Verdonschot N, van Kampen A. Varus alignment 
leads to increased forces in the anterior cruciate ligament. Am J Sports Med 
2009;37:481–7. https://doi.org/10.1177/0363546508326715.

49. Walker J, Hartigan D, Stuart M, Krych A. Anterior Closing Wedge Tibial 
Osteotomy for Failed Anterior Cruciate Ligament Reconstruction. J Knee 
Surg Rep 2015;1:051–6. https://doi.org/10.1055/s-0035-1551548.

47. Dejour D, Saffarini M, Demey G, Baverel L. Tibial slope correction 
combined with second revision ACL produces good knee stability and 
prevents graft rupture. Knee Surg Sports Traumatol Arthrosc Off J ESSKA 
2015;23:2846–52. https://doi.org/10.1007/s00167-015-3758-6.

43. Trojani C, Elhor H, Carles M, Boileau P. Anterior cruciate ligament 
reconstruction combined with valgus high tibial osteotomy allows return 
to sports. Orthop Traumatol Surg Res OTSR 2014;100:209–12. 
https://doi.org/10.1016/j.otsr.2013.11.012.

44. Schneider A, Gaillard R, Gunst S, Batailler C, Neyret P, Lustig S, et al. 
Combined ACL reconstruction and opening wedge high tibial osteotomy 
at 10-year follow-up: excellent laxity control but uncertain return to high 
level sport. Knee Surg Sports Traumatol Arthrosc Off J ESSKA 
2020;28:960–8. https://doi.org/10.1007/s00167-019-05592-2.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10

