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Outcomes and Complications of Medial opening Wedge High
Tibial Osteotomy along with A Comparsion to Unicondylar
Arthroplasty: A Systematic Review Article
Saket Bonde¹, Parag Sancheti¹, Atul Patil¹, Ashok Shyam¹

Abstract
Objective: Young active patients with medial compartment osteoarthritis and a varus deformity can
be treated with Medial opening wedge high tibial osteotomy. The aim of this article is to provide an
updated systematic review on the clinical and functional outcomes, complications along with
survivorship of medial opening wedge high tibial osteotomy. It also aims to evaluate its comparison
and validity in overlapping indications with Unicondylar Arthroplasty.
Methods: Following keywords were used to search the PubMed/Medline database: osteoarthritis,
surgery, knee, varus deformity, valgus osteotomy, high tibial osteotomy, medial opening wedge
high tibial osteotomy, Unicondylar arthroplasty. Combined searches of the first 3 terms with each of
the surgical procedures were conducted to identify relevant studies. Additional articles were
identified by checking the reference.
Summary: Medial opening wedge high tibial osteotomy provides a good to excellent clinical and
functional outcome with minor complications. It is a technically challenging procedure although it
provides a good Range of Motion and physical activity. Unicondylar arthroplasty on the other hand
is better for older patients as it has a shorter rehabilitation course and a comparatively faster
functional recovery.
Keywords: high tibial osteotomy, opening, systematic review
Introduction
Osteoarthritis of the knee can cause symptoms ranging from
mild to disabling. Initial management of most patients is nonoperative and includes physical therapy; orthoses;
ambulator y aids; nonsteroidal anti-inf lammator y
medications; glucosamine; chondroitin; intraarticular
injections of steroid or hyaluronic acid; and analgesics.
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Because of progressive nature of the disease most patients
eventually require operative treatment. High tibial osteotomy
[1]has been established as an effective surgical intervention in
selected patients with unicompartmental osteoarthritis of the
knee. [2]Clinical indications for MOWHTO [3]include varus
alignment of the knee associated with medial compartment
arthrosis, medial compartment overload (i.e., after medial
meniscectomy), and osteochondral lesions requiring
resurfacing procedures. [4] In the literature, the short-term
satisfactory results and the long-term outcomes of Medial
opening wedge high tibial osteotomy are still debated. [1]
[5]Many papers reporting good results are those where
surgeons have taken into account risk factors. [6] Among
them are age, weight, activity, opposite compartment, laxity,
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Result : Outcomes of Mowhto
Author

N° of cases

Technique

Implant

Follow-up

Outcomes

2 years

WOMAC: Class 1 (76 at 6 months; 80 at 12 months; 80 at 24
months); Class 2 (76 at 6 months, 80 at 12 months, 76 at 24
months); Class 3 (56 at 6 months, 74 at 12 months, 82 at 24
months)

Marin et al. 2014 [10]

323

OWHTO

TomoFix and puddu
plate

Floeirkemeier et al., 2013
[8]

386

OWHTO

TomoFix

3.6 years

Mean Oxford knee score 43 (range 8-48. Favorable mediumterm results after HTO in varus osteoarthritis.

Saito et al., 2014 [11]

78

OWHTO

-

6.5 years

Knee society score from 49.6 (SD 11.4, 26 to 72)
preoperatively to 88.1 (SD 12.5, 14 to 100)

Saragaglia et al., 2014 [12]

83

62 OWHTO; 21
double level
osteotomies

-

5.75 years

85.5% of patients resumed sports activities, 79.5% at the
same level as before surgery. Lysholm score increased from
62.5±15.53 points to 90.49±8.62 points. Tegner score and
UCLA score did not decrease.

Duivenvoorden et al., 2014
[13]

92

47 CWHTO 45
OWHTO

Puddu

7.3 years

HSS score for OWHTO increased one year after surgery
(baseline 72.3±9.5; one year 80.9±13.5; six years 80.8±13.8)

Niemeyer et al., 2010 [14]

69

OWHTO

TomoFix

3 years

IKDC score increased from 47.2±18.71 to 72.7±17.15. Lysholm
score increased from 54.2±20.76 to 79.1±16.63

Harris et al., 2013 [15]

4344(69
metanalysis study)

1625 OWTHO 2486
CWHTO

-

7.1 years

HSS increased from 71.2±9.7 to 91.3±6.4 at 7.5 years. Lysholm
score increased from 60.5±14 to 83±13 at 7.5 years. MCs from
44.6±2.4 to 70.7±7.8 at 3 years. sF36 MCs from 75.8±15 to
83.0±15 at 2 years

Hernigou et al., 2010 [16]

53

OWHTO

Buttress plate

10 years

Preop scores HHs no pain in 40, slight pain in 2;
moderate/severe pain in 6; severe pain in 6.

DeMeo et al., 2010 [17]

20

OWHTO

Puddu

8 years

Preop. scores: HHs 75.9 (range, 60-91); Lysholm 54.2 (range,
34-67); Postop scores: HHs 86.8 (range, 70-100), Lysholm 83
(range, 70-100)

Schröter et al., 2011 [18]

71

OWHTO

HTO plate

1 year

Preop scores: Lysholm 55.5±21.7; HHs 74.8±11.7; Tegner
2.6±0.9; IKDC 43±14.9. Postop (1 y) scores: Lysholm 73±23.9;
HHs 87.8±11.0; Tegner 3.7±1.8; IKDC 66.1±21

Laprade et al., 2012 [19]

47

OWHTO

Puddu

3.6 year

MCS. Preop 42.9 (range, 8 to 63) Postop 65.1 (range, 10 to
100)

Bode et al., 2015 [20]

51

OWHTO

TomoFix

5 years

Preop scores: IKDC 44.6±17.8, Lysholm 52.1±20.8; Postop (5
y) scores: IKDC 69.4±18.6; Lysholm 76.6±20.5

Bonasia et al., 2014 [21]

99

OWHTO

Puddu

7.5 years

KSS increased from 135.6±33.9 to 160.5±26.3 at 5 years.
WOMAC increased from 50.7±20.8 to 76.1±18.5 at 5 years

Hernigou et al (1987) [5]

93

OWHTO

-

11.5 years

45% good/excellent results

Magyar et al19 [22]

50

OWHTO with
hemicallotasis with
external fixator

Spahn et al (2006) [23]

84

OWHTO with
nonlocking Puddu
plate fixation

Puddu plate

46 months

Niemeyer et al (2008) [24]

43

OWHTO

Locking plate
fixation

2 years

67.5% good/excellent results, 86% reported clinical
improvement (Lysholm and subjective IKDC score)

Birmingham et al (2009) [25]

126

OWHTO

Puddu plate

2 years

Clinically important improvements in malalignment, medial
compartment load during gait, and all KOOS domain scores
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2 Years

Comparable results between the 2 groups (HSS, Lysholm,
and Wallgren-Tegner scores)

Negative prognostic factors: pain for .2 years, preoperative
KOOS\50 points, obesity, smoking, medial tibial exophytes,
joint space\5 mm, and grade IV cartilage defects

28

Bonde S et al
Result : Complications of Mowhto
Author

No of cases

Technique

Follow-up

Conclusions:

Miller BS et al
[26] 2009

46

OWHTO

Valkering KP et
al., [27] 2009

40

OWHTO

2 years

Spahn G et al.,
[28] 2003

85

OWHTO

6.5 years

Chae DJ., [29]
2011

138

62 OWHTO; 21
double level
osteotomies

3 years

85.5% of patients resumed sports activities, 79.5% at the same level as before surgery. Lysholm score increased from 62.5±15.53
points to 90.49±8.62 points. Tegner score and UCLA score did not decrease.

17(36.9%) had a documented complication. There were 7 patients (15.2%) with loss of correction, 2 (4.3%) with intraoperative
<12 months lateral cortex fractures, 2 (4.3%) with postoperative lateral cortex fractures, 2 (4.3%) with deep venous thrombosis, 2 (4.3%) with
delayed unions, and 2 (4.3%) with symptomatic hardware.
Radiological consolidation was reached after 10.4 months. Nonunions were not recorded. In 4 cases (10%), a superficial infection
was found. Between operation and consolidation of the osteotomy, an average loss of correction of 0.3° was observed. Loss of
correction after removal of the implant was not observed. Excluding the breakage of 1 screw during extraction of the implant,
failure did not occur.
The osteotomy was fixed in 55 patients by a spacer plate (Puddu plate; group A). In group B (n=30), the osteotomies were fixed by
C-plate. Results: The rate of complications was 43.6% in group A and 16.7% in group BGeneral complications of the HTO were seen:
infection (4.7%), hematoma (4.7%), and thrombosis (2.3%).

Martin R et al.,
[30] 2014

323

OWHTO

2 years

Adverse events requiring no additional treatment (class 1) were undisplaced lateral cortical breaches (20%), displaced (.2 mm)
lateral hinge fracture (6%), delayed wound healing (6%), undisplaced lateral tibial plateau fracture (3%), hematoma (3%), and
increased tibial slope (1%). Adverse events requiring additional or extended nonoperative management (class 2) were delayed
union (12%), cellulitis (10%), limited hardware failure (1 broken screw; 4%), postoperative stiffness (1%), deep vein thrombosis
(1%), and complex regional pain syndrome (CRPS) type 1 (1%). Adverse events requiring additional or revision surgery and/or longterm medical care (class 3) were aseptic nonunion (3%), deep infection (2%), CRPS type 2 (1%), and severe hardware failure with
loss of correction (1%). Additional surgery rate was 3%.

De Mello WA et
al., [31] 2015

76

OWHTO

1 year

most common complications were moderate to severe pain (13.04%), stiffness (6.52%), material breakage (4.4%), intraoperative
fracture of the lateral cortical bone (4.4%) and infection (4. 4%).Conclusion: Complications from medial wedge osteotomy is more
frequent when associated with delayed consolidation.

Hooper et al.,
[32] 2015

36

OWHTO

4 years

All osteotomies healed. There was an average 90 (5-14) of correction, which was maintained.

Woodacre T et
al., [33] 2016

115

OWHTO

8.4 years

Seo SS et al., [34]
2016

167

OWHTO

2 years

Five years survival rate (without requiring conversion to arthroplasty) =80%. Overall complication rate=31%. Twenty five percent
of patients suffered 36 complications including minor wound infections (9.6%), major wound infections (3.5%), metalwork
irritation necessitating plate removal (seven percent), non-union requiring revision (4.3%), vascular injury (1.7%), compartment
syndrome (0.9%), and other minor complications (four percent). No thromboembolic complications were observed.

Complications were observed in 49 patients (29.3%). Minor complications included lateral cortex fracture (15.6%), neuropathy
(3.6%), correction loss (2.4%), hematoma (2.4%), delayed union (2.4%), delayed wound healing (2.4%), postoperative stiffness
(1.2%), hardware irritation (1.2%), tendinitis (1.2%), and hardware failure without associated symptoms (0.6%). Major
complications included hardware failure with associated symptoms (0.6%), deep infection (0.6%), and nonunion (0.6%)

pain, as well as clinical and radiological evaluation. [7] In
general, published studies on MOWHTO report good longterm results with a correct patient selection and a precise
surgical technique. [8]
Nevertheless, some issues remain that need resolution; these
include the graft selection in opening wedge osteotomies, the
type of fixation, associated complications, and the
comparison with unicompartmental knee arthroplasty
[9]and whether MOWHTO significantly affects a subsequent
total joint replacement.
The present study aims to evaluate the clinical and functional
outcomes, complications of MOWHTO.
Materials And Methods
The following keywords were used to search the
PubMed/Medline database: osteoarthritis, surgery, knee,
varus deformity, valgus osteotomy, high tibial osteotomy,
medial opening wedge high tibial osteotomy. Combined
searches
of the first 3 terms with each of the surgical procedures were
29

conducted to identify relevant studies. Additional articles
were identified by checking the references. Studies were
initially screened for relevance based on title and abstracts.
When an article was considered potentially relevant, studies
were included if the following criteria were fulfilled:
• The study was a primary study and written in English.
• The treatment was a surgical procedure in the form of
MOWHTO.
• Pain, physical function, patient global assessment, range of
motion was measured as an outcome.
•Complications were analysed.
•A comparative analysis versus Unicondylar arthroplasty
was done.
• Only studies with a design classification of levels I to V were
included,
The included studies were scored for design classification,
subjective and objective outcomes, and authors’ findings and
were put into tables.
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Result : Mowhto v/s Uka
Author

No of cases

Technique

Spahn G et Metanalysis 46 valgus CWHTO and OWHTO,
al., [35] 2013 HTO and 43 Medial UKA
medial UKA

Fu D et al.,
[36] 2013

Metanalysis of 11
studies

CWHTO and OWHTO,
medial UKA

Follow-up

12 years

Valgus HTO is more appropriate for youngerpatients who accept a slight decrease
in their physicalactivity. Medial UKA is appropriate for older patientsobtaining
sufficient pain relief but with reduced physicalactivity.

17 years

In some cases, HTO and UKA share the same indications. There is an overlap in
patients who are: 1) 55 to 65 years old; 2) moderately active; 3) non-obese; 4) have
mild varus malalignment; 5) no joint instability; 6) good range of motion; and 7)
moderate unicompartmental arthrosis. The ideal indications for UKA include: first
and the most important: unicompartmental osteoarthritis without involvement of
lateral and patellofemoral compartments; second: age over 60 years and low
functional demands because of the limited longevity of prostheses; third: range of
motion (ROM) arc over 90°with less than 5° flexion contracture; fourth: within 10°
of axial malalignment, which can be passively corrected almost to neutral.

Karmitev et
al., [37] 2014

65

92 OWHTO 65 UKA

4 years

Nwachukwu
B et al., [38]

-

Retrospective
database study

-

Smith W et
al., [39] 2015

-

Markov Model of
theoretical cohorts

-

Peterson W
et al., 2016

54

OWHTO and UKA

5 years

CWHTO and OWHTO,
medial UKA

-

Santoso M et 15 Papers- systematic
al., [40] 2017
review

Outcomes

Oh K et al.,
[41] 2017

42

OWHTO and UKA

5 years

Lim J et al.,
[42] 2017

292

Revision of OWHTO
and UKA

-

Partial knee arthroplasty is a resurfacing procedure, while high tibialosteotomy is
used only to slow the overall degenerative process with gradual progressive
exacerbation of osteoarthritiswith age. The results after prosthetic treatment had
a better dynamic than that in high tibial osteotomy.
There is an increasing utilization of UKA and a declining utilizationof HTO.
Between 2007 and 2011, UKA was performed most commonly in women as
compared to men, and in patients between 60 and 64 years of age.HTOs are still
seen as an important procedure in young males with medial compartmental
arthritis.
HTO may be the most cost-effective optionwhen treating MCOA in younger
patients, while UKA maybe preferred in older patients. Functional utility is the
primarydriver of the cost-effectiveness of these interventions.For the clinician,
this study supports HTO as a competitivetreatment option in young patient
populations. It alsovalidates each one of the three interventions considered
aspotentially optimal, depending heavily on patient preferencesand functional
utility derived over time.
The results of this study showed that 5 years after surgery patients after UKA had
less residual pain and symptoms than patients after UKA.
Valgus HTO provides better physical activity for younger patients whereas UKA is
more suitable for olderpatients due to shorter rehabilitation time and faster
functional recovery. Although UKA patients tended to haveimproved overall longterm outcomes, which may be due to accurate indications and patient selection,
both treatmentoptions yielded pleasing results.
There was no significant difference betweenOWHTO and UKA in terms of
progression of OA in thePF compartment or deterioration of PF function score
overa minimum follow-up of 5 years. However, the medial PFcompartment of the
UKA group was minimal, and worsenedor progressed by only one grade.
Revision of HTO and UKA achieve similar post-operative PROMs and satisfaction.
Revision of UKA more frequently requires revision components with increased
operation durationbut fewer complications requiring re-operation compared with
revision of HTO.

Results
Outcomes Of Mowhto:
Saito et al., (2014) [11] evaluated 78 cases of opening wedge
high tibial osteotomy with a follow up of 6.5 years. They
found the Knee Society Score has improved from a mean of
49.6 pre-operatively to 88.1 post operatively. Bonasia et al.,
(2014) [21] evaluated a series of 99 patients operated with
opening wedge high tibial osteotomy with puddu plate. They
followed up all patients with a mean duration of 7.5 years.
They found the Knee society score (Objective score+
functional score) to increase form 135.6 ± 33.9 to 160.5 ± 26.3
at 5 years. Floeirkemeier et al., (2013) [8] evaluated a series of
Journal of Orthopaedic and Rehabilitation | Volume 2 | Issue 1 | Jan - June 2019 | Page 27-34

386 patient subjected to opening wedge high tibial osteotomy
with TomoFix plate. The average follows up was 2 years. They
found favorable midterm results after performing the
procedure with the mean oxford knee score being 43.
Saragaglia et al., (2014) [12] reviewed 62 opening wedge high
tibial osteotomies with an average follow up of 5.75 years.
They found 85.5% of patients resumed sports activities of
which 79.5% of the patients could reach the same level as
before onset of symptoms of osteoarthritis. Lysholm score
increased from 62.5 ± 15.53 points to 90.49 ± 8.62 points.
Duivenvoorden et al., (2014) [13] reviewed 92 high tibial
osteotomies of which 47 were closing wedge and 45 were
medial opening wedge high tibial osteotomies done with a
TomoFix plate. The average duration of follow up was 7.3
30
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years. They found that HSS score for OWHTO increased one
year after surgery (baseline 72.3±9.5; one year 80.9 ± 13.5; six
years 80.8 ± 13.8). In summary we found MOWHTO to have
a good short term, mid term and long term outcome with
early return to normal activities of daily living.
Complications Of Mowhto:
Seo S, Kim Gul et al. (2016) [34] evaluated 167 patients who
were operated with medial opening wedge high tibial
osteotomy. Overall, they found complications in 49 patients.
Minor complications included lateral cortex fracture
(15.6%), neuropathy (3.6%), correction loss (2.4%),
hematoma (2.4%), delayed union (2.4%), delayed wound
healing (2.4%), postoperative stiffness (1.2%), hardware
irritation (1.2%), tendinitis (1.2%), and hardware failure
without associated symptoms (0.6%). Major complications
included hardware failure with associated symptoms (0.6%),
deep infection (0.6%), and nonunion (0.6%).
They concluded that medial opening wedge high tibial
osteotomy can be a safe and a reliable procedure for medial
compartment osteoarthritis of the knee. Most of their
complications were minor and recovered without any
significant problems nor did most of the complications have
any significant impact on the radiological and clinical
outcomes. Valkering et al., (2009) [27] described the
complications of medial opening wedge high tibial osteotomy
in a sample size of 40 patients. They found superficial
infections in 4 cases, correction loss of about 0.3°. Excluding
the breakage of one screw, failure did not occur. No nonunions were recorded. They concluded that fixation of the
TomoFix with locking-head screws for the opening wedge
HTO is stable. Their results were analogous to those in
literature. In our study of 51 patients we found similar results
to literature in short term outcome. Most common
complications were hardware irritation (17.65%) (n= 9);
tendinitis (15.69%) (n=8). Both of these complications were
treated with NSAIDS and did not alter the final functional or
clinical outcome. Only two patients sustained lateral cortex
fracture (3.92%). There was no difference in outcomes at one
year. About five patients had post-operative stiffness
(9.80%)which was treated with knee range of motion,
quadriceps and hamstring exercise along with posterior
capsular stretches. We did not encounter any major
complications such as hardware failure, deep infection or
non-union. Loss of correction was seen in four patients but it
did not alter the final outcome of these patients and they had a
similar outcome to other patients in the study. In accordance
to literature we found medial opening wedge high tibial
31

osteotomy to be a safe and reliable procedure for medial
osteoarthritis of the knee. Most complications did not have a
significant impact on radiologic and clinical outcomes.
Mowhto V/s Uka:
Osteoarthritis can affect one or all three compartments of the
knee joint. However, one third of the patient are affected on in
one of these compartments, most of them having a medial
compartment disorder. [43] The main objective of doing a
surgery for unicompartmental OA is to reduce pain, restore
function and improve the patient’s quality of life. The
inclusion criteria for HTO is stricter than for UKA. ( [40])
Ideal indications for HTO include 1) young and active
patients (age<65 years), 2) (2) normal-range body mass index
(BMI) , (3) mild articular destruction (no more than grade 2
Ahlbäck classification), (4) no patellofemoral arthrosis [44],
and (5) good ROM and a stable joint [45]Literature reports
age, BMI and pre-operative osteoarthritis stage to be crucial
factors which determine the outcome of an HTO. A preoperative BMI of >27.5 is a factor for failure [9]. Age of >65 is
not recommended to HTO as there is a 7.6% increased risk
per year of failure. [46] Indications of UKA include medial or
lateral compartment OA, Age >60, idea; ROM of 90° with
fewer than 5° flexion contractures. Contraindications
include, high activity, age under 60 and inflammatory
arthritis. [47]
Overlapping indications of HTO and UKA include age 55-65
years, moderately active, non-obese with mild varus
deformity, medial compartment OA, no joint instability and
good rom [21]We have restricted our analysis to medial
compartment arthritis. Although our subgroup analysis has
cases of CWHTO, we have not noted them when comparing
OWHTO to UKA. Ivarsson et al. [48]demonstrated that
UKA patients have better muscle strength than HTO patients
6 months postoperatively, but at 12 months the results are
similar. This may be because UKA patients are mobilised
immediately whereas HTO patients are immobilised for a
long duration. Risk of opposite side and osteoarthritis was
similar in both groups. This may be because of over
correction leading to suppression of the lateral compartment.
Overcorrection of more than 6° has been shown to cause
degeneration of the lateral compartment [5]Chances of postoperative complications are greater after an osteotomy [49].
In the MOWHTO group most complications were associated
with an intraarticular fracture, non-union, infection. KA is
the final end point for both HTO as well as UKA. Medial UKA
patients tend to require revision earlier (mean survivorship of
8.2 years). Valgus HTO patients had a mean survivorship of
9.7 years. A study done by Cross et al., [50] found operative
Journal of Orthopaedic and Rehabilitation | Volume 2 | Issue 1 | Jan - June 2019 | Page 27-34
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time is more in HTO to TKA than UKA to TKA. This may be
because of difficulty in achieving an acceptable exposure,
removing the implant and balancing of the soft tissues. In
summary, a MOWHTO is a technically challenging
procedure although it provides a good ROM and physical
activity. UKA on the other hand is better for older patients as
it has a shorter rehabilitation course and a comparatively
faster functional recovery.
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