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High tibial osteotomy (HTO) is an effective surgical technique that reduces pain and delays medial cartilage damage as
a part of varus malalignment treatment for young, active patients. Lateral closed wedge HTO has been a popular choice,
but with advances of surgical technique and fixation, medial open wedge HTO has become a popular choice of surgical
treatment for most knee varus deformity. In the present review, we present the major issues to be considered during rehabilitation after medial open wedge HTO and propose a phased rehabilitation program.
Keywords: Knee; Osteoarthritis; High tibial osteotomy; Rehabilitation

INTRODUCTION
Amid growing aged population worldwide, the Republic
of Korea is also projected to become a super-aged society by 2026, with an older adult population of 20.8% [1].
Because of this, disease that particularly affect the older
adult population is rising, and degenerative osteoporosis
of the knee is one of such diseases that cause a disability
among the older adult population. Studies have reported
good outcomes of high tibial osteotomy (HTO) in terms
of radiological knee alignment, subjective pain, knee
functions, and postoperative complications between
2–10 years of follow-up [2–6]. However, the indications
of surgery, such as appropriate age, preoperative weight,
range of motion (ROM), and grades of osteoarthritis,
remain controversial [4,5,7]. Particularly, HTO has been
reported to be a useful technique for patients under the
age of 60 with varus deformity, and the goal is to transfer
the weight on the medial joint to the lateral joint with
relatively less severe degeneration by correcting the ab-
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normal support axis, thereby reducing pain and delaying
medial cartilage damage [8]. Moreover, if arthritis becomes severe, it is easy to transition to total knee replacement [9]. As shown here, several studies report HTO as a
useful technique for patients with medial unicompartmental osteoporosis with varus deformity, but systematic
reports on the rehabilitation programs for postoperative
improvement of joint function and return to daily living
are lacking. Rehabilitation protocol needs to be individualized depending on the surgical technique used and
patient’s state. Therefore, this review aims to investigate
the major issues to be considered during rehabilitation
after medial open wedge HTO using TomoFix® (Synthes,
Oberdorf, Switzerland) plate, which has a strong pull-out
strength, and propose a phased rehabilitation program.
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HIGH TIBIAL OSTEOTOMY: INDICATIONS AND
TYPE
Indications for surgery
Early degenerative arthritis of the knee with varus deformity and degenerative changes only limited to the medial
joint is an indication for HTO. Furthermore, for severe
chronic posterolateral instability, HTO can be performed
alone or with posterolateral reconstruction. Active patients between the age of 40–60, with a correction angle
of less than 15°, BMI < 30 kg/m2, and muscle strength and
will to use crutches after surgery are considered indications [10]. Arthritis in the lateral joint, ROM of less than
90°, flexion contracture of 15° or higher, 1cm or greater
lateral dislocation of the tibia, and severe degenerative
arthritis are relative contraindications [11].

Types of surgery
HTO is a surgery as a treatment for genu varum, where
the abnormal stress on the medial articular cartilage and
meniscus caused by severe malalignment of the knee
joint is reduced and excessive weight loading is transferred to the relative normal lateral compartment [12].
The purpose of HTO is to mitigate pain, improve knee
functions, reconstruct accompanied ligament injury, and
normalize mechanical axis for medial meniscal allograft
transplantation in degenerative arthritis with varus alignment [13]. Although it varies across studies, ideal correction of genu varum targets 3°–5° of valgus angulation,
where the mechanical axis passes 62%–66% of the tibial
width [14]. There are two types of HTO: lateral closed
wedge and medial open wedge HTO. The lateral closed
wedge HTO was introduced by Jackson in 1958. With this
technique, weight-bearing exercise and rehabilitation can
be performed concurrently, owing to the stability produced by the compression from a contact of the resection
areas [3]. Furthermore, it does not require bone grafting,
and good bone union is achieved, thus the correction
angle is relatively well retained during the follow-up.
However, the surgical technique is challenging, with a risk
of peroneal nerve and vascular injury [15]. Medial open
wedge HTO was first reported by Debeyre and Patte [16]
in 1961. Its benefits include simple surgical technique,
low risk of the peroneal nerve, and relatively precise adjustment of the correction angle [5]. Downsides are that it
may require bone grafting, and that there is a possibility
of nonunion. Furthermore, insufficient fixation may limit
weight-bearing and cause loss of correction angle [17].
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Lateral closed HTO has been performed for many years
and is still performed, improvement of the strength and
durability of fixation devices since the year 2000 substantially reduced the limitation with weight-bearing and risk
of correction loss [18], which have increased the popularity of medial open wedge HTO as the surgical treatment
for varus deformity of the knee. Thus, this review focuses
on the rehabilitation after medial open wedge HTO.

POSTOPERATIVE REHABILITATION: FACTORS
TO BE CONSIDERED
Weight-bearing
Weight-bearing rehabilitation programs after medial
open wedge HTO are dependent on the pull-out force of
fixation devices [19,20]. Wedge-type Puddu plates have
the benefits of little soft tissue damage and small incision, but they are known to have low resistance to the
compression and rotational force toward the direction of
the axis, so weight-bearing should be limited early after
surgery. Partial weight-bearing is best, where weightbearing is limited for at least six weeks after surgery [21].
Recently, long rigid locking plates, such as TomoFix®
(Synthes) plate, are widely used. With locking holes, these
plates provide stable fixation with a strong pull-out force,
thereby enabling early weight-bearing. Further, they can
continue to promote healing even if problems occur during surgery, such as articular invasion or extension of the
fracture line toward the lateral cortical bone [20]. With the
introduction of adding various wedge-type metal blocks,
convenience and safety of surgeries have been improved
considerably, and in these cases, full weight-bearing
(FWB) is allowed from two weeks after surgery [22]. No
weight-bearing for prolonged periods after surgery actually delays bone union and causes disuse osteoporosis, so
weight-bearing should be applied if strong fixation was
achieved. Brinkman et al. [20] reported that FWB may be
permitted early after TomoFix®-plate-fixated open-wedge
HTO, and that these patients had quicker recovery of
knee functions without correction failure.

Range of motion
Prolonged fixation after surgery can actually delay returning to daily living or sports by inducing articular contracture, delaying healing of the surgical site, and weakening
the quadriceps femoris. Many studies reported that
prolonged fixation after HTO led to a high rate of joint
stiffness and infrapatellar contracture syndrome [23]. Be-
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ginning ROM exercise of the knee joint early after surgery
decreases articular swelling, maintains nutrition supply
to the articular cartilage, and lower scar tissue formation
or joint stiffness, so for stable HBO, performing ROM
exercise early after surgery may facilitate healing. Early
ROM exercise has almost no impact on the stability of
the fixation device, so it is desirable to recommend ROM
exercise as soon as possible after surgery while taking patient’s pain into account [24].

Muscle strengthening
Early muscle strengthening exercise is an important component of postoperative rehabilitation. Multiple studies
reported that most patients who underwent HTO had
loss of muscle activity and strength after surgery. Machner et al. [25] reported that quadriceps femoris dysfunction is a common clinical feature among patients with
knee arthritis, and that a one-year follow-up of patients
who underwent HTO had significantly reduced voluntary quadriceps femoris activity. Furthermore, Kawazoe
and Takahashi [26] reported that because the quadriceps
femoris provides stability to the knee, its weakening
causes articular cartilage damage by altering the location
of mechanical loading on the joint plane, and that HTO
delays the recovery of the quadriceps femoris, thereby
causing reduced activity. Such weakening of the muscle
ultimately causes anteroposterior instability of the knee,
causing pain and disability. Kean et al. [27] reported that
high-intensity resistance training for the quadriceps
femoris and hamstring before surgery significantly improved outcomes at six months after surgery. In essence,
multiple studies have stressed the importance of muscle
strengthening exercise for the lower limbs for patients
who underwent HTO, particularly emphasizing the
strengthening of the quadriceps femoris, through both
early postoperative muscle strengthening exercise and
preoperative rehabilitation.

Combined surgeries
During rehabilitation after HTO, it is crucial to confirm
whether HTO was combined with another surgery on
the same knee [28]. The flow and considerations of
the rehabilitation protocol, such as timing of weightbearing, duration of an assistive device, and focus of
muscle strengthening exercise, may differ substantially
depending on which surgery was performed concurrently. Because long rigid locking plates produce good
fixation and stability, rehabilitation can be considered in
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accordance with the rehabilitation protocol for the other
surgery that was performed in most cases using a long
rigid locking plate. For example, if meniscus repair was
performed with HTO, different rehabilitation protocols
need to be used depending on the tear and technique [29].
For longitudinal tears or bucket-handle tears, ROM exercise should be begun in a non-weight-bearing state and
slowly progressed within a painless range for the goal of
restoring full ROM [30]. If fibrin clot was combined with
repair for patients with a radial tear, the surgical site must
be immobilized for three weeks to stabilize the repair area
[31], after which 90° flexion is permitted in a non–weightbearing posture until six weeks. After six weeks, exercise
is gradually progressed while controlling pain in order to
restore full ROM [32].

PHASED REHABILITATION PROGRAM
Phase I (0–2 weeks)
The goal of this phase is to educate about the overall contents of rehabilitation for alleviation of pain, reduction of
edema, atrophy prevention and recovery of lower limb
muscles, early restoration of ROM, and healing of tissues.
During this period, patients should wear a brace to limit
varus and valgus for walking or sleeping to protect the
surgical site. However, the brace could be taken off while
performing open kinetic chain exercise (OKC) in a non–
weight-bearing state or stretching or using a continuous passive motion machine (CPM). CPM may assist in
maintaining the ROM of the knee and reducing swelling.
However, most patients can recover ROM even without
using CPM by performing seated flexion, heel slides, and
active assisted flexion exercise. During this period, patients need to be able to flex or extend their knees by 0°–
110°. If there is a restriction to knee extension, extension
can be induced by passively pressing on the knee with
the legs stretched out in a seated position or performing prone knee hang in a prone position. Further, OKC is
performed immediately after surgery. To prevent atrophy
of lower limb muscles, neuromuscular control of the
weakened muscles need to be recovered through quadriceps setting. Moreover, various muscle groups should be
developed through short-arc quadriceps (SAQ) exercise
(Fig. 1) and four-way straight leg raise (SLR) (Fig. 2), and
resistance should be increased using sandbags or elastic
bands. Weight-bearing could be performed immediately
after surgery when a locking compression plate, such
as TomoFix® plate, was used as the fixation device, so
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Fig. 1. Short-arc quadriceps exercise.

Fig. 2. Four-way straight leg raise.

quick recovery of normal ambulation should be achieved
through weight-shift exercise while controlling pain.

Phase II (3–6 weeks)
The goal of this phase is to recover full ROM, recover normal gait through FWB, continue proprioception training, and begin closed kinetic chain exercise (CKC). If the
patient becomes able to perform FWB and has no fear
of foot flat in the preceding phase, they are reeducated
about the rhythm and posture of normal gait in this
phase (Fig. 3). Most patients limp when walking because
when they step on the ground with the affected foot and
raise and stretch out their healthy leg forward, they reflexively place their foot down in haste due to a fear of falling.
To correct this gait pattern, it is important to restore proprioception through intensive practice of single-leg balance and eliminate the fear of standing on one foot while
walking. In the earlier phases, exercise should begin with
single leg standing on a stable, flat surface, which should
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be progressed to maintaining balance in an unstable and
shaking surface (Fig. 4). In addition, CKC with the body
weight applied to the ground should be begun to improve lower limb muscle strength. This is begun with wall
squat, where squat is performed with the back and head
pressed on a wall, and gradually changed to the normal
squat. During this period, only mini squats (30°–60°) are
performed. Further, to recover activities of daily living,
such as going up and down stairs, stair climbing exercise
is begun using a step box from a low height (Fig. 5).

Phase III (7–12 weeks)
The goal of this phase is to perform gradual advanced
training to recover proprioception, muscle strength, and
muscle functions. If the patient was able to perform proprioception training, such as single leg balance, well in
the preceding phase, they will perform more advanced
proprioception training in this phase, such as performing
the previous exercise with eyes closed, or performing leg
www.e-aosm.org
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Fig. 3. Re-education of normal gait.

Fig. 4. Single leg balance on stable surface (A) and unstable surface (B).

Fig. 5. Stair climbing exercise (step-up
with knee raise).

swing exercise and band leg swing exercise, during which
the patient stands on the affected leg and places a band
around the healthy leg to pull in various directions (Fig.
6). Furthermore, from this phase, patients can gradually
increase the resistance for muscle strengthening exercises for muscles used for knee extension or flexion, such
as the quadriceps femoris and hamstring, using a band
www.e-aosm.org

or machine depending on the level of pain or muscle
strength. CKC such as squat and lunge can be performed
with 90° flexion of the knee from this stage, resistance can
be increased by using a dumbbell or barbell. In addition,
standstill exercises could be changed to dynamic exercises, where patients perform the exercise while moving
forward or to the side.
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Fig. 6. Single leg balance with Band leg
swing exercises.

Fig. 7. Jump-landing exercise (jump
squat).

Table 1. Rehabilitation program after medial open wedge high tibial osteotomy
Item
Brace

0–2 wk

3–6 wk

7–12 wk

4–6 mo

7–9 mo

◦

◦

◦

Range of motion
0°–110°

◦
◦

0°–135°
Weight-bearing

Tolerance
◦

◦

◦

◦

Q-set, SAQ, SLR, active knee extension

◦

◦

Weight shift, gait retraining, heel raises

◦

◦

Patella mobilization
Stretching
Quadriceps, hamstring, GCM, ITB

◦

Strengthening

◦

Wall squat, mini-squat, stair climbing

◦

Squat, lunge, leg press (resistance)

◦

◦

◦

Leg extension (resistance)

◦

◦

◦

Leg curl (resistance)

◦

◦

◦

Perturbation

◦

◦

Running, jump

◦

◦

Proprioception training
Single leg balance (stable)
Single leg balance (unstable)

◦
◦

Return to recreational sports activity

◦

◦

GCM, gastrocnemius; ITB, iliotibial band; SAQ, short-arc quadriceps; SLR, straight leg raise.
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Phase IV (4–9 months)
The goal of this phase is to perform functional training to
enable returning to daily living and sports.
If proprioception was restored to a normal level in the
previous phase through training involving a change of
environment, such as unstable ground surfaces and having eyes closed, perturbation is induced in this stage to
throw patients off balance while they are exercising. From
four months after surgery, light running is permitted.
Patients can begin at a slow speed and gradually increase
the speed, or can repeat running and stopping, run backwards, or change directions while running. Further, to
help return to daily living and sports, patients can begin
with jumping and landing on two feet and gradually
progress to single-leg jumping and landing (Fig. 7).

Phase V (after 6 months): return to sports
Based on the physiology of healing of the osteotomized
site and relevant literatures, the appropriate timing of
returning to sports or vigorous exercise after HTO is believed to be six to nine months after surgery. However, it
may vary widely across individuals depending on their
age, muscle strength, and exercise capacity. Further, the
optimal timing also varies across studies, so additional
studies are needed to reach a consensus on the optimal
timing of return. Trojani et al. [33] reported that 80%
of patients who underwent HTO were able to return to
satisfactory physical activities, while Bonin et al. [34]
reported that 14 out of 29 patients who underwent HTO
(48%) were found to perform high-intensity sports on
a regular basis. Williams et al. [35] reported that 19 out
of 25 patients (76%) who underwent HTO returned to
recreational sports, while 4 patients (16%) were able to
return to competitive sports. The ultimate goal of HTO
is to transfer the weight on the medial joint to the lateral
joint with relatively less severe degeneration by correcting the abnormal support axis, thereby reducing pain and
delaying medial cartilage damage [11], and because the
function and state of articular cartilage are not restored
to normal levels, even patients with high muscle strength

may still have a high risk of degenerative changes and
articular injury compared to those who have not had the
surgery. Thus, it would be desirable to limit patients to
light exercise that can be enjoyed safely as opposed to too
intensive and vigorous sports.

SUMMARY
Multiple factors need to be considered during rehabilitation after medial open wedge HTO. First, the type of fixation device used for surgery and the pull-out strength of
the device need to be identified. Then, which variables
alter the timing of weight-bearing and why early ROM exercise and muscle strength exercises performed immediately after surgery are important need to be understood.
Furthermore, whether any surgery was combined, and
if so, the surgery performed, must be confirmed. Most of
all, patients’ fitness and their targeted activity level may
differ, so patients’ needs should be accurately identified to develop and implement an individualized and
specialized rehabilitation program. To attain successful
outcomes after HTO, rehabilitation programs should
be designed with meticulous attention to various factors, such as surgical technique and device, and patients
should be instructed and encouraged to fully adhere to
the exercises for each phase of the rehabilitation (Table 1).
Because the surgical outcomes depending on the method
of fixation and presence of lateral cortical bone fracture
as well as the degree of bone grafting and bone union
may have an impact on the timing of each phase of rehabilitation, the phased rehabilitation program proposed
in this review would be appropriate for cases in which a
TomoFix® plate, which has a strong pull-out force, was
used.
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