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Functional outcome in patients operated with High Tibial 

Osteotomy (HTO) medial open wedge osteotomy with HTO 

fixator in a prospective study
Eknath D Pawar� , Dhiraj Vithal Sonawane �, Angad Chikodi �, Shaswat Mishra� , Sagar Bansal�, Sachin 

Khemkar�

Conclusion: HTO with external fixator is highly reliable and productive in patients who has MCOA and Varus knee, but many a 

surgeon across globe generally go with Total Knee Arthroplasty (TKA)without a second thought of HTO fixator, which actually 

increases life span of knee joint. In a MCOA knee, HTO intervention postpones need of TKA. Due to accurate correction of axis 

and less error during operation with external fixator we went ahead with HTO external fixator and not with tomofix. Patient 

needs to get proper counselling regarding HTO external fixator.

Abstract

Methods: Total 13 patients undergone with HTO fixator between 2017 to 2019, all are operated with Medial Open Wedge 

Osteotomy (MOWO). Male were 6 and female were 7 in our study. Right knee was 5 and left knee was 8. Mean age of patients 

was 48 years, patients were called and functional outcome measured in terms of Knee Society Score (KSS), Medial Proximal 

Tibial Angle (MPTA), Posterior Tibial Slope (PTS).

Post-op mean MPTA=90.2, Post op mean PTS=9.9.

Keywords: high tibial osteotomy, medial compartment knee osteoarthritis, medial open wedge osteotomy, external fixator.

Results: Pre-op mean MPTA=82.9, Preop mean PTS=9.1.

The purpose of our study was to review functional outcome of patients with Medial compartment knee osteoarthritis (MCOA) 

operated with High Tibial Osteotomy (HTO)external fixator who were operated in a span of 3 years between 2017 to 2019.

Osteoarthritis (OA) is nowadays the most common disease of 
joints in adults around the world (4). OA is characterized by a 
progressive loss of articular cartilage with new bone formation 
and, synovial proliferation that may results in pain, loss of joint 
function, and disability (5). Most common pattern of 
symptomatic OA within the knee is articular cartilage 
degeneration predominantly in the medial compartment 
(6,7). The joint degeneration further results in a Varus 
deformity with increasing load transmission through the 
already degenerate compartment (3). Furthermore, knee joint 
loading and kinematics have been found to be altered in 

patients with early knee OA during gait (8).
Knee joint is a very complex and important joint for load and 
motion, including the tibiofemoral (TF) joint and the 
patellofemoral (PF) joint. The stability of the knee joint is 
mainly dependent on the interaction by ligamentous and 
cartilaginous structures, meniscus as well as several muscles 
and tendons. During a walking gait, the medial-lateral load 
distribution is changing on the tibia (1,2). And approximately 
75% of the joint load passes through the medial tibial plateau 
during single-leg stance (3).

HTO has been used to treat medial  compar tment 
osteoarthritis of the knee, and many follow-up studies have 
been reported (9-16). HTO is a common surgical technique 
for the treatment of Varus deformity of the knee associated 
with medial compartment arthrosis. Efforts have been made to 
obtain an adequate angle of correction and careful selection of 
the patients have been advocated (10,12,13). It encompasses 
several procedures like an opening wedge, closing wedge, 
dome, and “en chevron” osteotomies. Closing (lateral) and 
opening (medial) wedge HTO are the most commonly used all 
over the world. However medial opening wedge has several 
advantages like of being easier to perform, no need for fibular 
osteotomy, and common peroneal nerve dissection, no 
disruption of the proximal tibiofibular joint, and without bone 
stock loss, correction of axis can be well controlled therefore 
chances of error with respect to axis correction is less when 
compared to closing wedge HTO, and conversion to TKR after 
MOWO is comparatively easy because there is no bone loss. 
High tibia osteotomy (HTO) is intended to transfer the 
mechanical axis from medial to slightly lateral to the midline of 
the knee to decrease the load and subsequently delay 
osteoarthritis (OA) (17,18). HTO was considered as an 
option to treat an isolated medial compartment OA in varus 
knees, which was reported by Jackson in 1958 (19). This 
surgery was not popular until Coventry reported good results 
in 1973 (10).
Debeyre and Patte described Medial Opening Wedge (MOW) 
High Tibial Osteotomy (HTO) in 1951(20). There are many 
surgical options for medial compartment arthrosis, such as 
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a r t h r o s c o p i c 
debridement, HTO, 
r e s u r f a c i n g 
p r o c e d u r e s , 
Unicompar tmental 
arthroplasty (UKR), 
a n d  t o t a l  k n e e 
arthroplasty.  HTO, 
initially intended to be 
t h e  s t a n d a r d 
procedure for medial 
compar tment knee 
OA, has now become 
the widespread use for 
Unicompar tmental 
osteoarthritis (OA) of 
the knee in young and 

active patients. The primary goal of HTO is to appropriately 
align the mechanical axis of the legs, transferring the load on 
the knee, so as to increase functionality, decrease the rate of 
osteoarthritis-induced degeneration, minimize joint 
tenderness and potentially reduce cartilage degeneration, as 
well as forestall or postpone joint replacement (21,22). 
H o w e v e r ,  d u e  t o  r e c e n t  s t r i d e s  i n  t o t a l  a n d 
unicompartmental knee replacement (TKR and UKR), the 

demand for HTO drastically reduced, especially for the 
elderly or less active patients (23).
Many conservative treatments of knee OA have been 
reported, such as medical treatment, foot orthoses, knee 
braces, and muscle strengthening, and the optimal choice 
for an orthosis remains unclear, and long-term implications 
are lacking (24-26). On the contrary, total knee arthroplasty 
(TKA) has been established as a very successful and 
commonly performed procedure for primar y and 

secondary osteoarthritis. 
However, compared to 
m e d i a l 
unicompartmental knee 
arthroplasty (UKA) and 
high tibial osteotomy 
( H T O ) ,  a c t i v e  a n d 
demanding activ it ies 
seem more unlikely after 
T K A  ( 2 7 , 2 8 ) .  H TO 
showed an improved 
indicat ion for  act ive 
patients w ith a good 
range of motion of the 
knee (27,29). Although 
there are no signifcant 
differences in the clinical 
outcome between UKA 
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Figure 1: Fujisawa point

Figure 2: Plain radiograph showing anteroposterior view 
of knee

Figure 3:  Plain radiograph 
showing lateral view of knee

Figure 4: showing MOWO by Hernigou et al.

Figure 5: Showing Fixator Components
Fixator    B) Schanz Pins   C) Allen Key

Figure 6:  Anteroposter ior 
radiograph of post operated left 
knee MCOA with MOWO HTO 
fixator.
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Although HTO has recently become advocated and used to 
treat osteoarthritis around the knee, it still causes some 
complications such as nonunion, tibial plateaus fracture, 
lateral cartilage degeneration, and so on. Stiffness is 
uncommon if preoperative motion is satisfactory (33). 
Furthermore, a small percentage of patients treated with 
HTO (4% to 26%) do not have satisfactory pain relief, and 
this is the primary reason for revision to TKA (34-36). 
Ultimately, majority of complications and dissatisfaction 
are closely related to the biomechanics of HTO.
In this study after performing medial wedge osteotomy and 
fixation with external fixator proper post-operative 
protocol given to patient, after waiting for 7 days we started 
distraction followed by full weight bearing.

Indications

2) Age 40-60years. 

and HTO at 12 months 
and 2-year follow-up, 
the advantages of HTO 

is the preservation of the knee joint as long as possible, a 
large corrective effect of the mechanical axis, and the 
avoidance or postponement of knee replacement (30-32).

Proper selection of patients for HTO is compulsory to 
attain satisfactory results (37,38). Other determining 
factors include a correct indication, sufficient workup, 
preoperative management plan, and proper technique 
selection. the typical HTO patient is a young, active 
individual (age<60 years), normal weight and radiograph 
showing osteoarthritis involving medial compartment 
(39).
Major Clinical indications for HTO include: (40,41)
1) pain and disability from OA significantly interfering daily 
activities.

3) Varus alignment of the knee associated with medial 
compartment arthrosis.
4) post-meniscectomy medial compartment overload. 

6) Isolated medial joint line pain.
7) malalignment < 15 degrees.

8) normal ligament balance.

10) Non-smoker.
11) some level of pain tolerance.
12) fix flexion deformity at knee less than 15 degrees.
13) less than 1 cm lateral thrust.

5) BMI <30. 

9) Full range of movements, flexion at least 90 degrees 
possible. 

Contraindications (10,11,41-52)

14) tibial bone Varus angle (TBVA) more than 5 degrees.

1) lateral tibia subluxation more than 1 cm. 
2) medial compartment loss more than 3mm. 
3) narrowing of lateral compartment. 
4) flexion contracture more than 15 degrees. 

12) Rheumatoid arthritis.

7) malalignment more than 20 degrees. 

10) Age > 65 years. 

5) knee flexion less than 90 degrees. 

8) tri-compartmental OA. 
9) heavy smokers.

Trieb et al. (53) found that the risk of HTO failure for 
patients older than 65 years was significantly higher 
(P=.046) than for those less than 65 (relative risk, 1.5). This 
is consistent with other research publications, which 
suggest that young patients, in particular, are best suited for 
HTO. This thus confirms age as an influential factor for 
HTO patient selection. recently, 164 patients who 
underwent HTO were analyzed by Howells et al. (54), 
among which 95 were reviewed after a 10-year follow-up. 
Pre-operatively, with a Western Ontario and McMaster 
Universities osteoarthritis index (WOMAC) >45 points, 
age less than 55 and BMI less than 30 has significantly better 
results with HTO.

11) advanced patellofemoral arthritis.

6) inflammatory arthritis. 

Age 

Figure 7: Lateral radiograph of 
left knee operated with MOWO 
HTO fixator.

Figure 8: Anteroposterior radiograph 
post fixator removal at 14 weeks post-
operative period.

Figure 9: Lateral radiograph post fixator 
removal at 14 weeks post-operative 
period.
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Conventionally, a stable knee with a sufficient range of 
motion (ROM; flexion >90°), is a requirement to perform 
HTO surgery. Poor ROM has been consistently associated 
with poor prognosis by various authors, just as a flexion 
contracture is said to be contraindicated in OWHTO. In a 
retrospective study of 35 individuals who underwent a total 
of 39 OWHTOs, Berman et al. found that a ROM < 90 
degrees was associated with early failure (16).  Naudie et al. 
showed that a flexion contracture of more than 5° correlated 
with early failure (p-value 0.042), especially with a 
preoperative ROM less than 120° (22). Akizuki et al.  
showed that the threshold value distinguishing between a 
good and a bad outcome was preoperative ROM of 100° 
(21). Bonasia et al. found that both in multiple and single 
logistic regression models, a postoperative ROM of lower 
than 120° greatly influenced outcome negatively (55). 
Therefore,  we conclude from above studies that 
preoperative knee flexion is important predictor of good 
outcome. Adequate flexion around not less than 90 degrees 
must be there.

There is a distinct correlation between HTO prognosis and 
obesity. Akizuki et al studied 159 knees and reported that 
pre-operative Body Mass Index (BMI) greater than 27.5 
kg/m2 was consistent with a prognosis of early failure (21). 
Howells et al however, used a BMI threshold of above 30 
kg/m2 and found that the results for the obese group 5 years 
after HTO showed markedly reduced Knee Society Score 
(KSS) and Western Ontario and Mc- Master Universities 
Osteoarthritis Index (WOMAC) (54). The upper and lower 
limits of normal BMI are 18.5 and 24.9. Thus, a BMI higher 
than 27.4 is consistent with a poorer prognosis. However, 
there is currently no decisive conclusion on the correlation 
between BMI and OWHTO outcomes, according to Flecher 
et al (43).

BMI 

The degree of a medial compartment OA serves to predict 
the postoperative prognosis of HTO. Floerkemeier (56) 
assessed 533 patients at an average of 3.6 years post-HTO; 
preoperatively, 85% of them had grade iii or iv OA. They also 
found favorable outcomes in individuals with severe mono-
compartmental arthritis. Bonasia et al.  showed that 
individuals with Ahlback Grade 0 possess statistically 
significant prognostic potential (55). 

Range of motion
Preoperative planning

Osteoarthritis grades:

History and physical assessment, radiography
Observation of patient`s gait and stance especially to assess 
varus thrust and the presence of lateral collateral ligament 
insufficiency is of importance. Limb length discrepancy, 
ankle deformity, joint instability including insufficiency of 
collateral and cruciate ligaments should be considered for 
surgery. Essential radiographs for the primary assessment 

starts with anteroposterior (AP) and lateral views of the knee 
and weight-bearing alignment view showing both lower 
extremities from hip to ankle i.e lower limb scannogram. 
Stress views are mandatory when physical exam reveals 
ligamentous laxity. MPTA, PTS measured with these 
radiographs.

Surgical technique and application of hto fixator
- Patient is in supine position, tourniquet applied, sandbag 
attached to facilitate 90 degrees flexion. Image intensifier is 
set up to facilitate the surgery
- Using image intensifier, the position of pin clamps, 
osteotomy site is out by position fixation over the affected 
leg. to avoid placing the pins within the capsule of knee joint, 
proximal pins should be placed a minimum of 1.5 cms below 
the joint line. The first pin is placed as posteriorly as possible 

one with a moderately active high-demand (but not jumping 
or running), young (between 40-60 years old), non-obese 
with isolated medial joint line tenderness, full range of 
motion (ROM), near-normal lateral and patellofemoral 
compartments, without ligamentous instability, non-
smoker, and with some level of pain tolerance.

Ideal candidate for HTO

The ideal mechanical axis passes from the centre of the hip, 
through the knee, to the centre of the ankle joint (57). 
Normally 60% of the body weight force passes through the 
medial compartment (58). Normal values include a 
mechanical axis of 1-3° Varus, anatomical axis of 5-7° valgus, 
6° of valgus between the mechanical and anatomical axes, 
and the weight bearing line passing through the lateral 30- 40 
% of the tibial plateau (58-61). Unicompartmental OA 
usually becomes symptomatic when the alignment is more 
than 10° off of the normal range (62). The biomechanical 
objective of HTO is to realign the weight-bearing line in the 
coronal plane. The aim is to achieve the shift of the weight-
bearing line from the arthritic compartment to the opposite 
tibiofemoral healthy compartment (58). Overall, leg 
alignment is a crucial factor for the force distribution in the 
knee joint (59). The decrease of load in the diseased 
compartment of the tibial plateau reduces knee joint pain 
and delays progression of osteoarthritis (64,65). The 
research of Fujisawa et al and later adapted as a guideline to 
determine pre and postoperative amount of Varus 
correction (61,63). The weight bearing line should pass 
from 62% of the tibial plateau width when measured from 
the edge of the medial tibial plateau (Figure 1). This point – 
called Fujisawa point – matches over the mechanical axis 
with 3-5° valgus and locates slightly lateral to the lateral tibial 
spine. To determine the amount of required correction, a line 
is drawn from this point to the centre of the femoral head and 
another to the centre of the ankle joint. The angle created by 
these two lines indicates the amount of correction. 
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- A series of holes is made in medial two thirds of proximal 
tibia via osteotomy slot. The holes are connected with a thin 
osteotome or a saw blade. 

laterally and on anteroposterior view upto tip of fibula.2nd 
pin is placed commonly through 4th hole of fixator. 
- The site for osteotomy is below tibial tuberosity. Incision 
for osteotomy is made before fixator is placed to allow better 
dissection. Skin is incised longitudinally just medial to the 
tibial tuberosity extending distally 3-4 cms. 
- Proximal tibial osteotomy site is exposed by reflecting pes 
anserinus.
- A Cobb elevator is then employed to partially separate the 
MCL ligament distally.
- The fixator is secured in position with temporary kirschner 
wires. To allow soft tissues swelling, make sure the fixator is a 
minimum of one finger breadth from skin to allow for soft 
tissue swelling. Kirschner wires should be perpendicular to 
shaft. 
- Fix the proximal and distal pins upto posterior cortex and 
tighten the clamps to the pins. remove kirschner wires. 
- Fix osteotomy guide to the fixator.

- The osteotomy guide is removed and the fixator opened for 
desired correction angle by turning the distractor 
mechanism. 

- When the proper correction is achieved, check and record 
the distraction level from the markings on the fixator. At this 
point, close the distraction mechanism to compress the 
osteotomy site. Lock the fixator and carefully suture the 
periosteum to cover the osteotomy site.

- In post op period, CPM is started immediately in recover 
room, usually upto 45 degrees, with an increase in 20 degrees 
per day.

In our cases we did not encounter any of the above-
mentioned complications. 

- Patient was taught pin tract dressing with sterile techniques 

Post-operative assessment

- Suture removal is done on 12th post-operative day. 

All the patients were assessed at 1, 3, 6 months post 
operatively. Varus deformity at knee was visibly corrected. 
Patients symptoms were relieved. Patients who followed 
strict life style changes and followed a strict post-operative 
physiotherapy protocol did well than other patients. 
Outcome depended upon the patients selected, accurate 
surgical technique and fixation, and adequate postoperative 
lifestyle changes and physiotherapy.

Discussion

- Seven days after surgery, distraction is started at a rate of 
1mm/day by turning the distracter a quarter turn four times 
a day until the desired correction. 

- Close follow up is necessary to check weight bearing 
radiographs and pin sites and to ensure patient is distracting 
properly. When the appropriate correction is achieved the 
fixator is locked. 

- The fixator is removed after solid union is achieved, 
generally after 12 weeks. 

- Drain was removed on 3rd post-operative day while 
carrying out checkdress.  

Osteotomy collapse is a complication unique to opening 
wedge osteotomy and has not been previously identified in 
closing wedge osteotomy. This is why weight bearing is 
guarded against for 6 weeks postoperatively, to give room for 
new bone formation to fill in the gap at the osteotomy 
location, thus preventing collapse

- Mechanical axis of the limb can be checked fluoroscopically 
using a Bovie cord held from the hip joint centre to the centre 
of ankle joint. At the knee joint, the cord should be at or just 
lateral to the tibial eminence. 

Post-operative care

Complications

General complications of medial opening wedge osteotomy 
are fracture through the lateral cortex or articular surface, 
damage of the posterior neurovascular structures, 
osteotomy failure, infection of pin tracts, recurrence of 
deformities, non-union, deep vein thrombosis, knee 
stiffness or instability. 

- If the radiographs show good callus formation, the locking 
nut is released and dynamic loading is started. 

Pre operative mean KSS was found to be 64(fair) and final 
mean KSS was found to be 78(good). 

Pre operative mean varus angle of knee was 12 degrees which 
reduced to 7 degrees post operatively. 

Thus by above findings selecting proper patients, using 
correct technique and proper post operative physiotherapy 
it was found that significant improvement could be achieved 
in post operative period in patients with MCOA.

Mean pre operative MPTA was 82.9 degress and final mean 
MPTA was 90.2 degrees.
Pre operative PTS was 9.1 degrees and final PTS was found 
to be 9.9 degrees. Increase in PTS occurs after MOWO HTO 
while lateral closing wedge osteotomy decreses PTS(66,67)

Conclusion
We have favourable short term results with patients of 
MCOA operated with MOWO HTO fixator. In terms of 
improvement in MPTA, PTS and clinically with respect to 
lessening of pain, painless and improved knee ROM, 
decrease in crepitus , decrease in medial joint line tenderness 
with improved activities of daily living. 

A total of 13 patients were operated in our setup including 7 
females and 6 males. 8 patients were operated on left knee 
and 5 patients were operated on right knee. Patients reported 
decresed pain while walking, better knee flexion after 
subsequent follow up.

No osteotomy technique appeared superior to others and no 
sufficient proof that HTO is more effective than either UKR 
or non-operative treatment.



Limitation of our study : We had a very short follow up so we 
are unable to comment on conersion rate to TKR. Since 
only 13 patients were included in our study which is a small 

number. Hence inclusion of greater number of patient may 
help to confirm the findings.
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