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Abstract
In the era of Joint replacement surgery, Medial High Tibial Osteotomy is a time tested and successful surgical procedure for treatment of mild to
moderate knee osteoarthritis. The success of this procedure lies in proper patient selection, an excellent surgical technique, a rigid internal
fixation and early rehabilitation. There are a lots of research articles published in literature, many systematic reviews and meta-analysis on this
specific topic. In this review article we discuss mainly the recent trends in the medial open wedge osteotomy for treatment of knee osteoarthritis.
Keywords: MOWHTO, Osteoarthritis, Osteotomy, Surgical treatment
varus knees, and to delay the necessity for a knee replacement by
Introduction
slowing or stopping the further destruction of the medial joint
In the era of joint replacement surgery for the treatment of severe tricompartment in cases of varus knee osteoarthritis [1–3].
compartmental knee osteoarthritis, Joint preservation surgery present
There has been a debate to have a proper selection of patients for
a very relevant option to treat patients with mild to moderate knee
MOWHTO to have a better functional outcome and minimize failures
osteoarthritis [1, 2]. High tibial osteotomy (HTO) is one such widely
and complications post MOWHTO. Primary or secondary medial
performed procedure to treat medial compartment knee arthritis.
compartment degenerative arthritis is the most common indication for
Many published studies on HTO report good long-term results when
MOWHTO for varus osteoarthritis of the knee joint [5–7].
done with proper patient selection [1, 3]. Despite this procedure being
A protocol was developed by ISAKOS (International Society of
around for decades, the challenge always remains at the proper patient
Arthroscopy, Knee Surgery, and Orthopedic Sporctional outcomes
selection and the surgical execution. In this review article, we have
Medicine) in 2004 for patient selection [8]. An ideal patient for
discussed recent trends in open medial wedge high tibial osteotomy
MOWHTO is a moderately active high-demand (but not jumping or
(MOWHTO) for the treatment of knee osteoarthritis.
running), young (between 40-60 years old) with isolated medial joint
This article focused on select issues related to HTO; patient selection
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normal lateral and patellofemoral compartments, without ligamentous
angle of deformity correction, to graft or not to graft, the graft options
instability, non-smoker, and with some level of pain tolerance [8].
for opening wedge osteotomy, the fixation device, the comparison
MOWHTO has been contraindicated in patients older than 65, severe
between functional outcomes of unicompartmental knee arthroplasty
OA of the medial compartment (Kellegran & Lawrence Grade III or
and whether HTO significantly affects the need for a subsequent total
higher), tricompartmental knee OA, severe patellofemoral OA, flexion
joint replacement surgery.
deformity >10°, diagnosed inflammatory arthritis, a large area of
exposed bone on the tibial and femoral articular surface (>15x15mm),
[A] Patient Selection for MOWHTO
and heavy smokers [6, 8].
Precise indication, preoperative planning, and operative technique
selection are essential to achieve good functional outcomes after
Good prognostic factors include
MOWHTO. HTO technique was first introduced by Jackson and
- Pre-operative TBVA>5°,
Waugh in 1961, and high tibial osteotomy (HTO) was popularized by
- Postoperative obliquity of tibiofemoral joint line in a narrow range
Coventry [4]. Since 1965 this has been an excellent treatment modality
close to 0°,
for the management of medial compartment osteoarthritis of the knee
- Aatomical valgus alignment of ≥8° at five weeks post-operation,
with varus deformity, the important goals of MOWHTO have been to
- Age <50 years.
reduce knee pain and improve the functional outcome by transferring
- Non-smokers.
weight-bearing loads to the relatively unaffected lateral compartment in
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Poor prognostic factors include
- Severe joint destruction (≥Ahlback grade III),
- Age ≥65 years,
- Advanced patellofemoral arthritis,
- <90° of ROM,
- ≥15° of flexion contracture,
- Joint instability
- ≥1 cm lateral tibial thrust,
- ≥20° of varus correction
- Rheumatoid arthritis
- Obesity (BMI > 26)
The patient’s age, level of activity, previous history of surgery on the
knee, and expectations should be taken into consideration before
deciding upon surgery. The range of motion of the knee joint, the
degree of deformity, ligamentous instability, and leg length discrepancy
should be assessed through a thorough physical examination before
planning for MOWHTO [1, 2, 9].
Adjacent hip joint pathologies also affect the outcome of MOWHTO.
Hip abduction that occurs during the stance phase, increases stress on
the lateral compartment of the knee, hence pathologic affections of the
hip stabilizers (gluteus maximus, tensor fascia late, and biceps femoris)
results in higher forces on the lateral compartment of the knee and
hence can affect the outcome after MOWHTO [4]. Therefore, hip
abductor muscle weakness or movement restriction of the hip joint or
ankylosis of the hip joint should be treated before MOWHTO [1, 2].
Most authors agree that HTO is more appropriate than
unicompartmental knee arthroplasty for overweight patients, but the
influence of body mass index on the results of HTO remains
controversial [10]. Which grade of arthritis shall progress to the
advanced stage remains debatable and there are no specific guidelines
to identify the same, hence patient selection for MOWHTO remains a
challenge [4, 7, 10].
[B] Surgical technique for the planning of MOWHTO,
Once the proper patient selection has been made for MOWHTO, the
next task that remains is the surgical planning for it. This involves a
thorough clinical assessment, radiology assessment, and calculating the
deformity angles and its surgical correction planning.
1. Clinical assessment – A thorough clinical assessment of the knee
joint and adjacent joints is to be done. Assessment of varus deformity,

Figure 1: X-ray of Knee joint demonstrating the
Fujisawa Point and planning for angle of medial
open wedge.

flexion deformity, range of motion of knee joint, associated
ligamentous laxity, patella-femoral joint assessment, the integrity of
medial and lateral collateral ligaments needs to be done. Analyzing the
patients’ gait is of prime importance to assess the varus thrust and
loading pattern of the knee joint. In cases with advanced varus knee
osteoarthritis, it has been seen that the stress concentrates on the medial
side and the lateral side stretches out leading to progressive varus and
subluxation of the knee joint. Hence in such cases, the MOWHTO does
not lead to lateral compartment stress redistribution and correction of
mechanical axis in loading [11] .
2. Radiological assessment - Multiple radiographic views should be
obtained for preoperative radiographic assessment, these include –
- Scanogram of both legs with full-length lateral view of the affected leg,
- Bilateral weight-bearing anterior-posterior views in full extension,
- Rosenberg views with the knee in 45° of flexion,
- Lateral views and Skyline views.
Patellar height can be measured from the lateral views using InsallSalvati, Blackburne-Peel, or Caton-Deschamps index [12]. A severe
patella Alta may necessitate the combined use of tibial tubercle
osteotomy and MOWHTO.
Magnetic resonance imaging (MRI) can be of big help in detecting
intraosseous lesions, meniscal tears, ligamentous lesions,
osteochondral defects, osteonecrosis, or subchondral edema, cartilage
mapping can give us an idea about cartilage erosions and involvement in
the medial and lateral compartment [3]. MRI is also appropriate in
terms that it shows all the necessary changes in the menisci, cartilage,
ligamentous and osseous lesions thus avoiding the role of an invasive
arthroscopy evaluation. The majority of the time the MRI is done to
assess lateral compartment changes which are not evident on the
routine radiological evaluation [3, 13].
3. Planning for Wedge calculation and correction – In normal lower
limb alignment axis i.e., the mechanical axis from the center of the hip
joint to center of ankle joint centers over the center of knee joint.
Restoration of this mechanical axis is of prime importance in corrective
osteotomy. The ideal postoperative lower limb alignment is considered
as 3°-5° of valgus from the mechanical axis or 8°-10° of anatomical
valgus in most studies [6, 7, 14].
Fujisawa et al [4, 15, 16] reported that the postoperative mechanical
axis should pass through the lateral one-third of the tibial plateau i.e.,

Figure 2: Scanogram of both legs showing calculation of deformity correction angle by Miniaci’s
Technique, calculation of wedge angle and reciprocating it on the proximal tibia for correction of
deformity.
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62% of the tibial plateau width (Figure 1). Jakob and Jacobi [4]
suggested that correction of the mechanical axis depends on the
thickness of the cartilage in the medial compartment: if one-third of the
medial cartilage is lost, the mechanical axis should pass 10-15% lateral
from the center of the tibial plateau; if two-thirds of the cartilage is lost,
the axis should pass 20-25% lateral; and if all is lost, the axis should pass
30-35% lateral [4, 10, 17].
To calculate the wedge angle and deformity correction angle many
surgical methods were described, of which Miniaci method was
popular using a picture archiving and communication system [18,
19](Figure 2).
(A) On the preoperative anteroposterior full-length lower limb
radiograph, the lower limb weight-bearing line (line 1, S) was drawn.
(B) After calculating the 62.5% point from the medial border along the
longest medial-to-lateral width of the tibial plateau, an extension line
connecting the hip center and the calculated point (line 2, S’) was
drawn.
(C) Then, a line connecting the lateral tibial osteotomy site and the
center of the ankle joint (line 3, DS) was drawn.
(D) Another line connecting the osteotomy site and line 2 (line 4, DS’)
was drawn. The angle formed by lines 3 and 4 was determined to be the

predicted correction angle (B, C).
A predicted osteotomy line (O) was drawn from the proximal extremity
of the fibular head to the predicted medial osteotomy site
(approximately 4 cm inferior to the medial border of the tibial plateau).
A predicted opening line (Oʹ) was drawn from Line O at the
determined correction angle (wedge angle, α). The predicted
correction gap (wedge gap, mm) at the cortical bone of the
posteromedial tibia was measured.
After the proper patient selection and adequate pre-op planning, next
comes is the execution of the surgical plan and getting the deformity
correction done. As a standard rule, it’s advisable to do a quick
arthroscopic assessment of the knee joint with identifications of
meniscus, ligamentous and cartilaginous pathologies associated with
medial osteoarthritis of the knee joint [20]. It also gives an insight into
the lateral compartment of the knee joint and its cartilage condition.
Many of the times HTO has been abandoned in cases where
arthroscopy showed significant involvement of the lateral
compartment of the knee joint [4, 9]. Higher Outerbridge grades were
associated with poor outcomes than lower Outerbridge grades of
involvement of lateral compartment during arthroscopy assessment of
varus osteoarthritis of the knee joint. This was shown by Heinz et al in

Figure 3: Medial exposure of the proximal tibia, raising the periosteal sleeve and a spike below the
patellar tendon to protect it (A). A guidewire is placed exiting above the fibular head starting around 4
cm distal to the joint line, confirmed under c-arm guidance (B). The medial cortex is cut with the
oscillating saw (C) and osteotomes are used to complete the osteotomy taking care to keep the lateral
hinge intact (D). Multiple stacked osteotomes are then inserted to increase the osteotomy width (E).
The osteotomy spreader device is used to keep the osteotomy open and to confirm the desired
correction (F). The desired correction wedge base of 14 mm was measured on the medial cortex the
further correction was halted. The wedge base was calculated preoperatively using the trigonometric
formula.

Figure 4: Scanogram of both legs with right
knee healed medial open wedge osteotomy,
red line – corrected mechanical axis of right
leg.
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their articles in 2021 that indication to do MOWHTO should be based
on the involvement of lateral compartment on MRI as well as
arthroscopy assessment [21].
The surgical technique involves a medial approach to the proximal
tibia. With an incision is made between the posteromedial border of the
tibia and the medial aspect of the tibial tuberosity, the sartorius fascia is
cut and retracted medially to expose the medial collateral ligament
(MCL). It is necessary to peel off the MCL from its insertion to unload
the medial compartment after osteotomy [1, 6].
Two K-wires are inserted 4 cm below the medial joint line directed
toward the safe zone of the lateral cortex of the tibia aiming at the tip of
the fibula under fluoroscopy guidance. Once confirmed under
fluoroscopy for proper positioning of K-wires (Figure 3), the
osteotomy is done below and parallel to the k-wires using an oscillating
saw leaving the 10 mm lateral hinge intact. The lateral cortex hinge is
kept intact while only two-thirds of the medial and posteromedial
cortex is cut. Thin osteotomes are used to gradually open the osteotomy
and finally, a calibrated osteotome is used to achieve the desired
correction. The base of the wedge depending on the angle of deformity
correction is reciprocated intra-operatively. Keeping the spacer
osteotomes in place the deformity correction is assessed by using the
cautery cord method.
[C] The desired correction of deformity,
Overcorrection and under-correction are reported complications after
MOWHTO, hence optimal correction within the standard deviation
range is important for excellent surgical outcomes after MOWHTO.
Valgus malalignment is cosmetically also unacceptable and leads to
overloading of the lateral compartment of the knee joint [4, 17, 22]
(Figure 4).
If the over or under-correction is noticed intra-operatively then just
adjusting the wedge before fixation helps in achieving the desired angle
of correction. Care should be taken to avoid overcorrection, which can
be certainly achieved by proper pre-operative planning. Intraoperative
assessment about the desired correction is difficult to be done but can
be achieved by a cautery test or by an alignment rod test.
Over corrected knees are more difficult to revise to TKR. Valgus
deformities need aggressive soft tissues releases while conversion to
TKR [8, 14].

[D] To graft or not to graft MOWHTO,
Staubli et al studied bone healing using radiography after HTO without
filling the osteotomy gap. They showed that healing starts from the
lateral hinge and gradually progresses toward the medial [23]. 3 months
are required to see callus formation and ossification after surgery. The
new bone fills 75% of the gap 6 months after surgery. Almost 90% of the
patients achieve full consolidation on radiography, CT scan, and MRI
in one year [23].
Hence many studies show that bone grafting is not necessary. Added
advantage of bone grafting or using bone substitutes is that it acts as a
scaffold on which the new bone forms and also it avoids the premature
collapse of the osteotomy site. Further debates on which graft options
to be used were also studied in many papers. Allograft vs bone
substitutes is a topic of debate as discussed below.
[E] Graft options for opening wedge osteotomy,
Many surgeons prefer to fill the osteotomy gap with grafts or bone
substitutes to enhance stability and accelerate healing. Onodera et al
studied 38 patients undergoing MOWHTO using locking plate
fixation and ceramic spacers [24]. They found that post-operative
alignment and clinical outcome were comparable between
hydroxyapatite (HAp) and beta-tri-calcium phosphate (TCP), but
TCP was significantly superior for osteoconductivity and bio
absorbability after 18 months [24].
Gaasbeek et al evaluated the site of osteotomy during plate removal
after MOWHTO using Tomofix fixation and TCP filler. They observed
that TCP was completely absorbed, and the new bone got remodeled
and incorporated into the native bone [25].
The autogenous iliac bone graft should be considered as a good option
in patients who are at risk of nonunion such as smokers and obese
patients [17, 22, 26]. Results with autograft were much better with
lower complications in comparison with allograft and bone substitutes
such as the calcium-phosphate ceramic spacer [27].
[F] Fixation device for MOWHTO,
Once the desired correction is achieved, the next step is the selection of
the fixation device. To date, there have been many different types of
fixation devices used and are evolving based on the added benefits and
disadvantages of the used implants. Right from staples to fixed-angle

Figure 5: Implants used for fixation of
MOWHTO [A] Low profile spacer plates
[B] Tomofix & [C] Peek plates.
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plates to variable angle plates, locking plates, spacer plates, peek plates
have been used and studied in various articles in the literature.
Plate fixation - Spacer plates (i.e., the Puddu plate and Aescula plate) are
small, low-profile implants that require small incisions for insertion
with less soft tissue damage (Figure 5). However, these plates are less
rigid with the possibility of delayed union, nonunion, and failure of
fixation leading to the increased posterior tibial slope which
necessitates a longer period of non-weight bearing for at least 6 weeks
after surgery. These plates also were modified later on to have spacer
wedges below to plate to keep the osteotomy open with cortical hold
and to prevent collapse [9, 20, 21].
This disadvantage was overcome by the introduction of a more rigid
internal fixator in form of a Tomofix plate which worked on the
principle of locking compression plate. This allowed early mobilization
and weight-bearing. Studies reporting the results of the Spacer plate and
Tomofix Plate fixators (i.e., The Tomofix plate) are based on the locking
compression plate (LCP) concept which offers an advantage of rigid
fixation, which makes it possible to weight-bear early after two weeks,
and early start of motion while the normal preoperative PTS is
maintained [17, 24]. A minimum of 8 locking bolts are required for a
rigid fixation with four proximal and four distal to the osteotomy site.
The proximal bone segment is fixed first and a lag screw is then inserted
in the first distal hole below the osteotomy, this increases the stability by
applying compression on the lateral hinge of the osteotomy. The
remaining screws are inserted in the three remaining bolts mostly
Unicortical screws [8, 18].
Agnes kirchner et al in their study of the biomechanics of 3 spacer plates
with different lengths, two with locking bolts, and one was the Tomofix
fixator [28]. The Tomofix plates were superior at single load-to-failure
and cyclical load-to-failure tests and had the maximum residual
stability after the failure of the lateral cortex. Also, motion at the
osteotomy gap was the least with the Tomofix plate. Other studies have
shown that the Tomofix plate was superior to the spacer plates in
achieving rigid fixation and allowing early weight-bearing [1, 27, 28].
These locked plates were further low-profile locked plates and the most
prominent disadvantage of artifacts on MRI after surgery was replaced
by PEEK plates. Peek plates had added advantage of being radiolucent,
thus without interfering with the radiology assessment in the future
[29, 30].
Postoperative rehabilitation protocol mainly depends on the rigidity of
the fixation. In terms of fixation with plate fixators, patients are allowed
to start partial weight-bearing immediately after surgery depending on
the amount of pain and wound healing while full weight-bearing is
allowed after 4 weeks. Partial weight-bearing is being allowed at least 6
weeks after surgery as the spacer plates are less stable [1, 6, 31].
[G] Survival rates of MOWHTO
Long-term results of MOWHTO for varus osteoarthritis of the knee are
closely accelerated rehab protocol. 10-year survival rates for closed
wedge osteotomy were reported from 51% by Kim et al [4] to 93.2% by
Koshino et al [32]. The best results by Koshino were related to some
post-operation factors including no flexion contracture, valgus
anatomical angle of 10°, and concomitant patellofemoral
decompression procedure if indicated. Coventry et al also reported a
10-year delay in total knee arthroplasty in 75% of patients if
overcorrection to at least 8° of valgus was achieved. Studies on
MOWHTO showed a 10-year delay in arthroplasty in 63% of 73

patients, and 85% of 203 patients Longer delay in arthroplasty can be
achieved if patients are selected based on TBVA [33].
Schallberger et al [34] followed 54 patients with isolated medial
compartment OA for a median of 16.5 years that were treated by either
MOWHTO and found 24% conversion to total knee arthroplasty. He
showed no significant difference in score outcome and survival
between open medial and closed lateral high tibia osteotomy.
With the increasing use of MOWHTO in the treatment of varus
osteoarthritis of the knee joint, there was an equal increase in
complications following MOWHTO which was reported from about
8% to 55% [17, 22, 26]. Breakage of the lateral cortex, premature
collapse before the union, non-union at osteotomy site, implant-related
complications, progression of arthritis in the lateral compartment are
some of the known complications after MOWHTO. Lateral cortex
breakage led to the failure of fixation, and subsequent collapse of the
osteotomy, which might result in at least 4° of loss of correction.
Giuseppe et al evaluated 100 consecutive MOWHTO with a follow-up
of 4 years where they found that allograft combined with platelet-rich
plasma and/or demineralized bone matrix increased the risk of
nonunion [35].
The rate of second surgery was about 3%. Common adverse events post
MOWHTO were more commonly seen in patients with diabetes, those
with active smoking, displaced lateral hinge fractures with the intraarticular extension of osteotomy, and patients with failure to comply
with the rehab protocol [22, 26, 36].
[H] Comparison between functional outcomes of
unicompartmental knee arthroplasty and MOWHTO.
An ideal treatment for osteoarthritis in a single compartment of the
knee joint has been always debated. MOWHTO, UKA, and TKA are
the known surgical procedures for treating this condition. Pain relief
with the restoration of function and improved quality of life are the
desired outcomes in this treatment. Mid and long-term follow-up
studies show satisfactory outcome and survival rates. Although HTO is
preferred modality of treatment in patients of younger age as compared
to elderly age where UKA is preferred. There are no statistically
significant differences in the treatment outcomes in many studies
published in literature. Revision of UKA to TKA is easier as compared
to MOWHTO [5, 19, 37]. Faster return to functional activity is seen
with patients treated with UKA as compared to HTO [5].
[I] Long term outcomes for MOWHTO
Many previous studies have reported excellent outcomes of
MOWHTO, with 5-year survival rates ranging from 71% to 95% and
10-years survival rates ranging from 51% to 98% [6, 31]. Bonasia et al. in
2014 showed excellent outcomes of MOWHTO using Puddu spacer
plate with 98.7% survival at 5 years and 75.9% at average follow up of 7
years [38, 39]. Bode et al. in their series in 2013 showed 96%, 5-year
survival of OWHTO with the use of TomoFix [40].
The ultimate fate of a patient with HTO is the progression of arthritis in
the lateral and medial compartment and the development of pain and
stiffness(22,26,37). These patients get converted to total knee
replacement surgery. The outcomes of revision of HTO to TKR vary
and depend on many factors. This topic is beyond the scope of this
article and hence not discussed here(26).
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Summary
1. Medial open wedge high tibial osteotomy is a viable solution to
address lower limb malalignment with concomitant OA, meniscal
deficiency, focal chondral defects, and/or ligamentous instability.
2. A comprehensive history and physical examination, precise patient
selection and preoperative planning, using the appropriate fixation
technique and rehabilitation protocol could help to achieve a good
long-term outcome.
3. Bone grafting with autograft is preferred over bone substitutes for
fixation of osteotomy.

4. Newer fixation devices like the locking low profile plates, PEEK
plates are commonly used in addition to the TomoFix implants.
5. Locking plates allow early weight bearing and early rehabilitation as
compared to non-locking spacer plates.
6. UKR and HTO share similar indications, but MOWHTO is
preferred over UKR in younger patients with excellent long term
survivorship in well selected patients.

Declaration of patient consent: The authors certify that they have obtained all appropriate patient consent forms. In the form, the patient has
given his consent for his images and other clinical information to be reported in the Journal. The patient understands that his name and initials
will not be published, and due efforts will be made to conceal his identity, but anonymity cannot be guaranteed.
Conflict of Interest: NIL; Source of Support: NIL

References
1. Sabzevari S, Ebrahimpour A, Roudi MK, Kachooei AR. High Tibial
Osteotomy: A Systematic Review and Current Concept. NUMBER.
2016;4(3):9.

results. Knee Surg Sports Traumatol Arthrosc [Internet]. 2021 Feb 11
[cited 2022 Jan 26]; Avai lable from:
http://link.springer.com/10.1007/s00167-021-06457-3

2. Murray R, Winkler PW, Shaikh HS, Musahl V. High Tibial Osteotomy for
Varus Deformity of the Knee. JAAOS Glob Res Rev [Internet]. 2021 Jul
[cited 2022 Jan 26];5(7). Available from:
https://journals.lww.com/10.5435/JAAOSGlobal-D-21-00141

11. Chiba K, Yonekura A, Miyamoto T, Osaki M, Chiba G. Tibial condylar
valgus osteotomy (TCVO) for osteoarthritis of the knee: 5-year clinical
and radiological results. Arch Orthop Trauma Surg. 2017
Mar;137(3):303–10.

3. Choi HG, Kang YS, Kim JS, Lee HS, Lee YS. Meniscal and Cartilage
Changes on Serial MRI After Medial Opening-Wedge High Tibial
O s t e o t o my. O r t h o p J S p o r t s Me d . 2 0 2 1 D e c
1;9(12):232596712110479.

12. Caton-Deschamps index (knee) | Radiology Reference Article |
Radiopaedia.org [Internet]. [cited 2022 Jan 26]. Available from:
https://radiopaedia.org/articles/caton-deschamps-index-knee

4. Lee DC, Byun SJ. High Tibial Osteotomy. Knee Surg Relat Res. 2012
Jun;24(2):61–9.
5. Ahmed El-Nahas WE-D. Comparison of Open Wedge High Tibial
Osteotomy versus Unicondylar Knee Replacement for Medial Knee
Osteoarthritis. Orthop Rheumatol Open Access J [Internet]. 2017 Feb
2 3 [c i ted 2 0 2 2 Jan 2 6 ] ; 5 ( 1 ) . Ava i labl e f ro m:
https://juniperpublishers.com/oroaj/OROAJ.MS.ID.555651.php
6. Elyasi E, Cavalié G, Perrier A, Graff W, Payan Y. A Systematic Review on
Selected Complications of Open-Wedge High Tibial Osteotomy from
Clinical and Biomechanical Perspectives. Saarakkala S, editor. Appl
Bionics Biomech. 2021 Oct 31;2021:1–14.
7. Duan D, Cao Y, Li R, Wang G, Zhang Y, Xiang K, et al. Opening Wedge
High Tibial Osteotomy with Combined Use of Patient-Specific 3DPrinted Plates and Taylor Spatial Frame for the Treatment of Knee
Osteoarthritis. Zou J, editor. Pain Res Manag. 2021 Dec 1;2021:1–6.
8. Brinkman J-M, Lobenhoffer P, Agneskirchner JD, Staubli AE, Wymenga
AB, van Heerwaarden RJ. Osteotomies around the knee: patient
selection, stability of fixation and bone healing in high tibial
osteotomies. J Bone Joint Surg Br. 2008 Dec;90(12):1548–57.
9. Elyasi E, Cavalié G, Perrier A, Graff W, Payan Y. A Systematic Review on
Selected Complications of Open-Wedge High Tibial Osteotomy from
Clinical and Biomechanical Perspectives. Saarakkala S, editor. Appl
Bionics Biomech. 2021 Oct 31;2021:1–14.
10. Herbst M, Ahrend M-D, Grünwald L, Fischer C, Schröter S, Ihle C.
Overweight patients benefit from high tibial osteotomy to the same
extent as patients with normal weights but show inferior mid-term

13. Atamaz F, Aydogdu, Hepguler S, Sur H. Evaluation of the knee with
magnetic resonance imaging prior to high tibial osteotomy: is it useful?
is it necessary in routine practice? Orthop Proc. 2006 Mar 1;88B(SUPP_I):102–102.
14. Vaishya R, Bijukchhe AR, Agarwal AK, Vijay V. A critical appraisal of
medial open wedge high tibial osteotomy for knee osteoarthritis. J Clin
Orthop Trauma. 2018 Oct;9(4):300–6.
15. Yin Y, Li S, Zhang R, Guo J, Hou Z, Zhang Y. What is the relationship
between the “Fujisawa point” and postoperative knee valgus angle? A
theoretical, computer-based study. The Knee. 2020 Jan
1;27(1):183–91.
16. Peng H, Ou A, Huang X, Wang C, Wang L, Yu T, et al. Osteotomy
Around the Knee: The Surgical Treatment of Osteoarthritis. Orthop
Surg. 2021 Jul;13(5):1465–73.
17. Chung JH, Choi CH, Kim S-H, Kim S-J, Lee S-K, Jung M. Effect of the
Osteotomy Inclination Angle in the Sagittal Plane on the Posterior
Tibial Slope of the Tibiofemoral Joint in Medial Open-Wedge High
Tibial Osteotomy: Three-Dimensional Computed Tomography
Analysis. J Clin Med. 2021 Sep 21;10(18):4272.
18. Elson DW, Petheram TG, Dawson MJ. High reliability in digital
planning of medial opening wedge high tibial osteotomy, using
Miniaci’s method. Knee Surg Sports Traumatol Arthrosc. 2015 Jul
1;23(7):2041–8.
19. Yoon S-D, Zhang G, Kim H-J, Lee B-J, Kyung H-S. Comparison of Cable
Method and Miniaci Method Using Picture Archiving and
Communication System in Preoperative Planning for Open Wedge
High Tibial Osteotomy. Knee Surg Relat Res. 2016 Dec;28(4):283–8.

25 | Asian Journal of Arthroscopy | Volume 6 | Issue 2 | July-December 2021 | Page 20-26

www.asianarthroscopy.com

Sanchet P et al
20. Yoo M-J, Shin Y-E. Open Wedge High Tibial Osteotomy and Combined
Arthroscopic Surgery in Severe Medial Osteoarthritis and Varus
Malalignment: Minimum 5-Year Results. Knee Surg Relat Res. 2016
Dec;28(4):270–6.
21. Heinz T, Reppenhagen S, Wagenbrenner M, Horas K, Ohlmeier M,
Schäfer T, et al. Focal cartilage defects of the lateral compartment do
influence the outcome after high tibial valgus osteotomy. SICOT-J.
2021;7:44.
22. Lee S-J, Kim J-H, Baek E, Ryu H-S, Han D, Choi W. Incidence and
Factors Affecting the Occurrence of Lateral Hinge Fracture After
Medial Opening-Wedge High Tibial Osteotomy. Orthop J Sports Med.
2021 Oct 1;9(10):232596712110353.
23. Staubli AE, Jacob HAC. Evolution of open-wedge high-tibial
osteotomy: experience with a special angular stable device for internal
fixation without interposition material. Int Orthop. 2010
Feb;34(2):167–72.
24. Onodera J, Kondo E, Omizu N, Ueda D, Yagi T, Yasuda K. Betatricalcium phosphate shows superior absorption rate and
osteoconductivity compared to hydroxyapatite in open-wedge high
tibial osteotomy. Knee Surg Sports Traumatol Arthrosc. 2014 Nov
1;22(11):2763–70.
25. Gaasbeek RDA, Sonneveld H, van Heerwaarden RJ, Jacobs WCH,
Wymenga AB. Distal tuberosity osteotomy in open wedge high tibial
osteotomy can prevent patella infera: a new technique. The Knee. 2004
Dec 1;11(6):457–61.
26. Song SJ, Bae DK, Kim KI, Lee CH. Conversion Total Knee Arthroplasty
after Failed High Tibial Osteotomy. Knee Surg Relat Res. 2016 Jun
30;28(2):89–98.
27. Han JH, Kim HJ, Song JG, Yang JH, Bhandare NN, Fernandez AR, et al.
Is Bone Grafting Necessary in Opening Wedge High Tibial Osteotomy?
A Meta-Analysis of Radiological Outcomes. Knee Surg Relat Res. 2015
Dec 30;27(4):207–20.
28. Agneskirchner JD, Hurschler C, Wrann CD, Lobenhoffer P. The effects
of valgus medial opening wedge high tibial osteotomy on articular
cartilage pressure of the knee: a biomechanical study. Arthrosc J
Arthrosc Relat Surg Off Publ Arthrosc Assoc N Am Int Arthrosc Assoc.
2007 Aug;23(8):852–61.

systematic review and meta-analysis. BMC Musculoskelet Disord.
2021 Dec;22(1):623.
32. Koshino T, Yoshida T, Ara Y, Saito I, Saito T. Fifteen to twenty-eight
years’ follow-up results of high tibial valgus osteotomy for osteoarthritic
knee. The Knee. 2004 Dec;11(6):439–44.
33. Coventry MB. Upper Tibial Osteotomy. Clin Orthop Relat Res. 1984
Feb;182:46–52.
34. Schallberger A, Jacobi M, Wahl P, Maestretti G, Jakob RP. High tibial
valgus osteotomy in unicompartmental medial osteoarthritis of the
knee: a retrospective follow-up study over 13-21 years. Knee Surg
Sports Traumatol Arthrosc Off J ESSKA. 2011 Jan;19(1):122–7.
35. Giuseffi SA, Replogle WH, Shelton WR. Opening-Wedge High Tibial
Osteotomy: Review of 100 Consecutive Cases. Arthrosc J Arthrosc
Relat Surg Off Publ Arthrosc Assoc N Am Int Arthrosc Assoc. 2015
Nov;31(11):2128–37.
36. Han JH, Kim HJ, Song JG, Yang JH, Nakamura R, Shah D, et al. Locking
plate versus non-locking plate in open-wedge high tibial osteotomy: a
meta-analysis. Knee Surg Sports Traumatol Arthrosc. 2017
Mar;25(3):808–16.
37. Lee S-H, Seo H-Y, Kim H-R, Song E-K, Seon J-K. Older age increases the
risk of revision and perioperative complications after high tibial
osteotomy for unicompartmental knee osteoarthritis. Sci Rep. 2021
Dec;11(1):24340.
38. Bonasia D, Dettoni F, Sito G, Blonna D, Marmotti A, Bruzzone M, et al.
Medial Opening Wedge High Tibial Osteotomy for Medial
Compartment Overload/Arthritis in the Varus Knee. Am J Sports Med.
2014 Jan 21;42.
39. LOIA MC, VANNI S, ROSSO F, BONASIA DE, BRUZZONE M,
DETTONI F, et al. High tibial osteotomy in varus knees: indications
and limits. Joints. 2016 Aug 18;4(2):98–110.
40. Bode G, Heyden J, Pestka J, Schmal H, Salzmann G, Südkamp N, et al.
Prospective 5-year survival rate data following open-wedge valgus high
tibial osteotomy. Knee Surg Sports Traumatol Arthrosc Off J ESSKA.
2013 Nov 19;23.

29. Hartz C, Wischatta R, Klostermeier E, Paetzold M, Gerlach K, Pries F.
Plate-related results of opening wedge high tibial osteotomy with a
carbon fiber reinforced poly-ether-ether-ketone (CF-PEEK) plate
fixation: a retrospective case series of 346 knees. J Orthop Surg. 2019
Dec 27;14(1):466.
30. Roberson TA, Momaya AM, Adams K, Long CD, Tokish JM, Wyland
DJ. High Tibial Osteotomy Performed With All-PEEK Implants
Demonstrates Similar Outcomes but Less Hardware Removal at
Minimum 2-Year Follow-up Compared With Metal Plates. Orthop J
Sports Med. 2018 Mar 12;6(3):2325967117749584.
31. Kyun-Ho S, Hyun-Jae R, Ki-Mo J, Seung-Beom H. Effect of concurrent
repair of medial meniscal posterior root tears during high tibial
osteotomy for medial osteoarthritis during short-term follow-up: a

Conflict of Interest: NIL
Source of Support: NIL

How to Cite this Article
Sancheti P, Gugale S, Patil K, Shaym A | Opening wedge high tibial osteotomy | Asian
Journal of Arthroscopy | July-December 2021; 6(2): 20-26.

26 | Asian Journal of Arthroscopy | Volume 6 | Issue 2 | July-December 2021 | Page 20-26

