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Abstract: In order to summarize the reasons for the failure of tibial high osteotomy and the 

research progress of revision surgery. We consulted the literature on HTO in recent years 

widely, and summarized the causes and solutions of surgical failure. Resultly, the reasons for 

HTO failure include improper selection of indications, insufficient surgical techniques and 

other factors. Applying computers and 3D printing can reduce its failures. There are two 

options for revision surgery after HTO failure, including UKA or TKA revision, with 

adequate preoperative evaluation prior to implementation. The biggest challenge in revision 

surgery is the management and reconstruction of bone defects. In conclusion, HTO is at risk 

of failure, which still needs to be treated with caution, and the renovation plan should be 

decided according to the reason for the failure.  

1. Introduction  

High tibial osteotomy is a globally recognized option for treating ventricular osteoarthritis in the 

medial knee joint, especially for young and active patients. This procedure was first performed in 

1958 [1] to correct the varus deformity by lateral mechanical axis shift [2,3]. Compared with another 

surgical type of total knee replacement, patients who underwent HTO surgery were able to retain their 

natural knee joint, so that the physical load was almost unaffected. And the patient's postoperative 

joint movement is close to the normal physiological state. At present, with the proposal of knee 

protection and osteoarthritis step treatment concept, it is becoming more and more important as a 

minimally invasive therapy for the treatment of knee osteoarthritis. Studies have shown osteotomy 

survival rates of 82 percent at 5 years, 55 percent at 10 years, and 28 percent after 10 years [4]. 

According to domestic and foreign studies, compared with TKA, the long-term follow-up rate of 

HTO is 11%~30% [5]. The vast majority of failure causes include progression of arthritis, pain with 

nonunion and avascular necrosis, nonunion, fracture of the tibial plateau, and lateral cartilage 

degeneration. Revision surgery is usually TKA, but UKA revision has been reported as a good option. 

The specific procedure to perform should be explored according to the actual physical condition of 

the patient. The purpose of this article is to review the factors of HTO surgery failure and the key 
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points of related revision surgery, so as to provide a reference for the clinical treatment of knee 

osteoarthritis.  

2. Reasons for HTO failure 

2.1. Selection of indications and surgical technical factors 

In 2009, Annonziato proposed the ideal indication for HTO:Young patients (< 60 years old), with 

isolated medial osteoarthritis, good range of motion and no ligament instability, body mass index is 

a controversial factor；Some studies reported higher failure rates in milder patients, while others did 

the opposite. The low success rates of UKA and TKR in more severe patients give HTO an advantage 

in this regard [6]. Another study showed that when the tibial varus angle (TBVA) is greater than 5° 

or the medial proximal tibia angle (MPTA) is less than 85°, Patients with better postoperative 

outcomes and severe subchondral injury have difficulty achieving satisfaction after HTO [7]. The 

indications for HTO are increasing due to a better understanding of the biomechanics of the knee joint 

and improvements in surgical techniques. HTO can be used to treat chronic ligament instability (alone 

or in combination with ligament reconstruction/revision) or in association with cartilage resurfacing 

and meniscal repair or transplantation, and several clinical trials have shown ACL reconstruction with 

HTO to be effective. Risk factors for subsequent revision of HTO have been reported to be advanced 

age (>60 years), female sex, and the presence of other underlying medical conditions such as diabetes 

mellitus, osteoporosis, and hyperlipidemia [8]. Cotter [9] et al. found risk factors for short-term 

complications of HTO that age ⩾45 years old and have an increased probability of any adverse events 

in other diseases such as diabetes mellitus and chronic obstructive pulmonary disease. So far, for 

patients with knee osteoarthritis, how to select HTO surgery according to indications still needs 

further research.  

Gebhard et al. [10] believe that undercorrection and overcorrection often occur after HTO. These 

errors may be due to traditional perioperative incorrect radiological measurements and unstable 

fixation methods. These factors are one of the important reasons for HTO postoperative revision. 

Studies such as Xu [11] have found that under- or over-correction of HTO may lead to complications 

and surgical failure, while correcting misalignment with the aid of computer navigation provides 

more accurate and reproducible radiological results. In addition, a novel resorbable spacer can provide 

sufficient stability to the tibial osteotomy space, and the use of this spacer as a bone-inducing and 

biodegradable device can avoid secondary fixative removal surgery [12]. It improves imaging and 

knee function in patients with knee osteoarthritis. Ma [13] and other studies found that 3D printing 

individualized orthopedic osteotomy can use DICOM data from preoperative CT scan to create a knee 

joint model, simulate the opening after surgical osteotomy, correct alignment, accurately locate points, 

predict correction results, reduce intraoperative fluoroscopy, and help reduce surgery time and 

complications.  

2.2. Other Factors 

Surgical failure has been shown to include contralateral cortical hinge fractures, intra-articular 

fractures, unexpected changes in the posterior tibial oblique, disjointed or delayed healing at the 

osteotomy site, changes in patellar height, and infection [14]. Although surgical correction can relieve 

the patient's pain, it cannot stop the progression of medial arthritis. As medial arthritis progresses, 

patients need to have their knees revised or replaced after several years.Stuart [15] et al. observed 

radiographic progression of medial chamber arthritis 9 years after closed wedge HTO surgery in four 

out of five patients. One literature confirms that osteoarthritis progresses in 83. 8 percent of cases and 

fails due to persistent pain in 16. 2 percent [20]. Studies such as Giardini [16] have shown that the 
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postoperative complication rate of HTO is about 30%, including lateral hinge fractures, wound 

nonunion, and lateral tibial plateau fractures. The common causes are now broken down below.  

2.2.1. Hinge fracture 

Hinge fractures have been shown to be one of the most common causes of HTO failure, occurring 

in 15 to 25 percent of surgical procedures [17]. Martin [18] et al. reported lateral hinge fractures in 

20% to 25% of HTO patients treated with TomoFix. A study of medium-term survival in high tibial 

osteotomy by Bourguennec et al. [19] found that the overall postoperative complication rate was 17%, 

with 11% for hinge fractures and 1% for joint fractures. Hinge fractures are one of the important 

factors in poor prognosis. After hinge fractures, non-locking plate fixation has a lower survival rate. 

Side hinge fractures were the most common complication, accounting for 16. 7% of all complications 

in the included studies. Miltenberg [20] et al. found that lateral hinge fractures may lead to worse 

outcomes, as they may lead to increased micromovement at the osteotomy site and even lead to 

general instability of the proximal tibia. This may predispose the patient to loss of correction, 

overcorrection, and osteotomy nonunion, which may alter the rehabilitation regimen or require 

additional lateral stabilization. Recent studies have found that the length of the hinge during 

osteotomy is an important factor associated with lateral cortical fractures. In high tibial wedge 

osteotomy, limiting hinge length to less than 10 mm using tools such as hinge rupture consisting of 

patient-specific guidelines will help prevent hinge fractures. Therefore, consideration of the patient's 

bone condition, hinge location design, and safety distance are necessary steps to prevent contralateral 

cortical hinge fractures.  

2.2.2. Progression of osteoarthritis 

The theory of mechanics states that in a healthy knee, the mechanical axis passes through the center 

of the knee, so that the weight distribution of the two chambers is equal. However, in the knee with 

varus keratoarthrosis, the mechanical axis shifts medially, resulting in increased load on the medial 

chamber, which contributes to the progression of arthropathy. The concept of HTO surgery is based 

on moving a mechanical axis in order to distribute weight-bearing stress by correcting the deviated 

knee angle. Therefore, preoperative planning to determine correction is important and has a 

significant impact on postoperative outcomes. In a study by Odenbring et al. [21], only knees 

overcorrected using the closed wedge technique showed cartilage regeneration, while undercorrected 

knees did not. This indicates that this reflects the force in the medial chamber, which still exceeds the 

normal force. This leads to the progression of arthritis on this side, which is one of the causes of 

postoperative revision. One postoperative follow-up study of HTO noted that 132 (44%) patients 

progressed to Kellgren–Lawrence grade 1 or above, with an 8. 6% annual risk of KL progression. 

Patients with medial chamber osteoarthritis and poor alignment are at increased risk of progression 

[22]. Therefore, conventional HTO has problems such as undercorrection and overcorrection that 

cause surgical failure, and Xu [11] and other studies have found that it provides more accurate and 

reproducible radiological results in correcting misalignment assisted by computer navigation, thereby 

increasing the success rate and survival rate of surgery.  

2.2.3. Bone nonunion or delayed healing 

Bone disunion or delayed healing is also one of the important causes of revision.In a retrospective 

analysis, bone nonunions accounted for approximately 1.9 percent of postoperative complications 

after HTO [23], possibly because very hard locking plates prevented sufficient micromovement to 

stimulate new bone formation during osteotomy close to locking plates. Röderer [24] et al. found that 

among 23 patients treated with HTO and locking plates, 65% had incomplete osteotomy and healing. 
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The osteotomy space near the steel plate remained open, and all patients presented with cortical 

defects. Autologous iliac bone grafting as a bone space filler in heavy smokers, obese patients, and 

patients with an open space greater than 10 mm has been found to accelerate imaging healing of bone, 

but there appears to be no advantage in conventional patients [25]. Similar studies have found that 

smoking is an important risk factor for predicting delayed and bone nonunion [26]. Jung [27] et al. 

compared the radioactive bone healing results of 137 knee patients who received HTO treatment, and 

patients who underwent autologous bone grafting and β-tricalcium phosphate had improved knee 

scores at the 6th month after surgery. In addition, Liu [28] et al. discovered a new m-shaped medial 

opening HTO surgery, and proved through clinical trials that although the serrated bone ends with a 

large cross-section are not significantly separated or even partially connected, the m-shaped 

osteotomy method has greater contact with cortical sections than the traditional transverse osteotomy 

method at the same gap opening distance. This improvement undoubtedly has a strong positive effect 

on the rapid healing of the osteotomy end.  

2.2.4. Infection 

Postoperative infection is also one of the important reasons for HTO revision, among which 

oblique skin incision and hospitalization for one day are risk factors for the development of infection, 

including the infection rate of needle bundle infection is 2~71%. Superficial infections account for 1 

to 9 percent and deep infections account for 0. 5 to 4. 7 percent [29]. The same study found that the 

oblique incision was the only statistically significant parameter after HTO with surgical site infection, 

as persistent lymphedema distal to the scar was observed after the oblique incision. Lymphedema is 

a well-known risk factor for skin infection, and they found that longitudinal incisions appear to be 

very safe, with no single infection found in 90 patients [30]. Studies such as W-Dahl [31] have shown 

that patients with only one day hospital stay have a higher risk of developing Staphylococcus aureus 

at the wound site compared with those with a longer hospital stay. Smoking significantly impairs the 

oxygen distribution of tissues and has a negative effect on wound healing and tissue regeneration. 

Studies have shown that smoking is associated with higher rates of infection and deep infection. 

Multivariate analysis also suggests that postoperative infection tends to be associated with smoking, 

although this association is not obvious. Obesity is considered a risk factor for infection after various 

orthopedic and traumatic surgical procedures. A single study can identify [32] obesity as a risk factor 

for developing bone nonunion after HTO. While it seems likely, the exact role of obesity in post-

HTO infection development remains unclear and should be investigated in future studies. Studies 

suggest that the key to infection treatment is to remove the hardware as soon as it heals. Relapse was 

found in all hardware-sparing settings, and gentamicin was used for irrigation and debridement [18].  

2.2.5. Neurovascular injury 

Intraoperative neurovascular injury during HTO surgery is also a cause of surgical failure, with a 

low incidence of popliteal artery injury, which is rarely reported as popliteal artery injury, which 

requires vascular surgeons to repair with autologous vascular grafting. In addition, the incidence of 

peroneal nerve injury after lateral closed wedge HTO (3.2 percent) was higher than that of medial 

open wedge HTO (0.4 percent) [23]. In one case report, an excessively long metal needle and 4.5 mm 

cortical tensile screw in an intermedial open wedge HTO injured the tibial nerve through the first 

distal foramen of the subosteotomy fixation plate, resulting in postoperative calf tingling and 

hypoesthesia [33]. Shim et al. [34] retrospectively analyzed 275 patients who received HTO for knee 

arthritis, 87 patients using the lateral hinge-guided posteromedial fixation system (LCfit), compared 

with other systems, the distance from the neurovascular structure to the screw extension line was 

significantly farther, and the safety angle of the lateral posterior medial steel plate system was also 
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significantly wider, providing better postoperative CT analysis of neurovascular safety during steel 

plate fixation. Therefore, doctors should try to avoid neurovascular damage caused by surgical 

problems during surgery, and guide patients to recover after surgery. 

3. Research progress in revision surgery 

Clinical outcomes of high tibial osteotomy (HTO) deteriorate over time, and revision usually 

requires conversion to total knee arthroplasty (TKA), but medial single-chamber knee replacement 

(UKA) after HTO failure has also been reported as a good treatment. See Figure 1.Conversion to total 

knee replacement (TKA) after HTO failure is generally considered a technically demanding 

procedure. Many studies have highlighted issues including soft tissue problems, difficulty with 

patellar valgus, management of hardware-sparing hardware, management of coronal and sagittal 

deformities proximal to the tibia, and difficulty with ligament balance. Before HTO TKA, surgeons 

often need to consider limb misalignment, instability, joint stiffness, patellar pull, and surgical 

approach. A careful surgical plan should be prepared in advance and intraoperative problems should 

be anticipated. In view of these problems, we need to carry out perfect preoperative preparation, 

which is the guarantee to ensure the smooth progress of the operation and an effective way to improve 

the success rate of the operation. In recent years, digital orthopedic technologies such as computer 

navigation, robot-assisted artificial intelligence, 3D printing and other emerging technologies can 

help the surgical process be smoother and faster. 

 

Figure 1: Reasons for renovation and corresponding plans 

3.1. UKA revision 

Although after HTO failure, the only revision option is total knee replacement (TKA). However, 

in younger patients with strong knee preservation desires, the lateral collateral ligament and 

remaining bone mass are good, and medial single-compartment knee replacement is also a good 

option. Jones [35] et al. showed us good treatment results in four cases of UKA after HTO failure, 

using patient-specific device (PSI) adjuvant technology to reverse previous osteotomy and perform 

medial UKA. The technique of 3D printed patient-specific guidelines is used to control the position 

of osteotomy, the degree of angle correction, and position the sawing of the single-chamber prosthesis 

according to the alignment of the corrected legs. Schlumberger [36] et al. retrospectively analyzed 27 

cases of medial UKA refurbishment after HTO, and the survival rate was 93. 0%. They showed that 

prior HTO was not a contraindication to medial UKA due to good outcomes in medium-term follow-
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up in selected patients with medial osteoarthritis and previous HTO. Although the number of cases 

of UKA revision is relatively small, this method is an alternative to knee preservation.  

3.2. TKA revision 

Revision with TKA is the most commonly used treatment. In patients with revisioned TKA, 

obesity is the primary risk of TKA, as are advanced age and severity of cartilage damage that may 

lead to conversion to TKA. Studies such as Gupta [37] showed that 55 patients who had previously 

received HTO were treated with TKA. At a mean follow-up of 11. 2 years, 89% had a good outcome 

and 11% had a poor outcome. Efe [38] et al. through TKA analysis after the first TKA and HTO 

showed that the range of motion of patients after previous HTO was significantly smaller, and the 

operation was more challenging, and it was associated with more postoperative complications. 

However, satisfactory results and good survival can be achieved at medium-term follow-up. In an 

analysis of the survival rate of total knee arthroplasty after high tibial osteotomy compared with 

primary total knee replacement, the primary TKA group had significantly higher survival rates at 

long-term follow-up than the TKA group with previous HTO [39]. A retrospective analysis showed 

that in 144, 692 cases, there were significantly more corrections and complications in postoperative 

x-rays in the HTO-TKA group, such as tibial prosthesis loosening and postoperative impingement. 

The risk of revision is significantly higher compared with primary TKA [40].  

In summary, compared with TKA modified HTO, the survival rate of prosthesis is not 

advantageous and may need to be re-modified to TKA，but the advantage of UKA renovations is 

that they are minimally invasive and well restored.Although .TKA revision can achieve better 

stability and functional improvement, its postoperative survival rate is lower than that of primary 

TKA, and complications are more than that of primary TKA. Therefore, we should sum up experience, 

fundamentally recognize the existing problems, constantly reflect and improve it.  

4. Summary and outlook 

HTO is an important way to treat knee osteoarthritis, which is different from total knee 

replacement in that it is less damaging to patients and can preserve the natural knee joint. There are 

many reasons for its failure, most of which are controllable. Although the difficulty of revision is low, 

the knee function and clinical score of patients after revision are lower than that of the initial TKA, 

so the choice of patients with knee arthritis in HTO treatment needs to be more cautious. Excellent 

surgical technique and postoperative management are important guarantees to reduce their failure. 

Today's digital orthopedic technologies such as 3D printing and computer navigation and robot 

assistance can reduce the failure rate of HTO, and these emerging technologies have great advantages. 

The use of these techniques can improve survival and reduce revision rates, and can make the surgical 

process smoother. 
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