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osteotomies, are excellent methods for addressing mechanical axis deviation in the setting of
unicompartmental knee osteoarthritis, ligament insufficiency, meniscus deficiency, and/or
focal cartilage defects. These procedures, however, are not without complications. Complica-
tions encountered with theses osteotomies include cortical hinge fracture, tibial slope altera-
tions, changes in patellar height, vascular injuries, and various early and late postoperative
complications, including delayed unions and nonunions. This current concept article reviews
the etiology, diagnosis, and management strategies for various complications related to high
tibial and distal femoral osteotomies. In addition, technical strategies are provided for how to
recognize and revise failed osteotomies in the setting of delayed unions and nonunions.
Oper Tech Sports Med 28:150714 © 2019 Elsevier Inc. All rights reserved.
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Introduction

Osteoarthritis (OA) of the knee is a disabling condition in
young active patients. Although the etiology of knee

OA is multifactorial, increased mechanical load as a result of
limb malalignment has been clearly identified as a risk factor
for the occurrence and progression of disease. In cases of uni-
compartmental arthritis and malalignment, realignment
osteotomy reduces pain, improves quality of life, and may
avoid or delay the need for total knee arthroplasty (TKA).
Patients with mechanical axis deviation combined with liga-
ment insufficiency, meniscus deficiency, and/or focal carti-
lage defects may also benefit from alignment correction to
maintain an active lifestyle.1

Medial opening-wedge high tibial osteotomy (MOWHTO) is
a well-established treatment for patients with refractory medial
symptoms and varus malalignment.2 For valgus-aligned lateral
compartment knee disease, realignment procedures most com-
monly consist of distal femoral osteotomies. Despite good/excel-
lent results, both high tibial osteotomy (HTO) and distal
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femoral osteotomy (DFO) procedures have known complica-
tion profiles.3 This current concept article will review the etiol-
ogy, diagnosis, and management strategies for complications
related to femoral and tibial osteotomy. Our purpose is to pro-
vide technical pearls on how to avoid complications and also
how to recognize and revise failed osteotomies in the setting of
delayed unions and nonunions.
Classification of Osteotomy
Complications
Complications of osteotomies vary considerably in both rate
and severity, which can range from benign findings to severe
complications that require further medical and/or surgical
interventions. Miller et al.4 previously identified an overall
36.9% complication rate after MOWHTO for varus knee OA
in their cohort. Martin et al.2 classified complications and
adverse events of MOWHTO into different grades of severity
based on the treatments required:
Class I: No additional treatment required
Class II: Short-term non-operative treatment required
Class III: Additional surgery or long-term non-operative
treatment required

Furthermore, complications can be broadly categorized as
either patient-related or procedure-related, and to occur either
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Figure 1 Classification of lateral cortical hinge fractures. Three different types of lateral cortical hinge fractures. Type I:
The fracture involves a lateral extension of the osteotomy line and is just proximal to or within the tibiofibular joint.
Type II: The fracture reaches the distal portion of the proximal tibiofibular joint. Type III: Fracture extension proxi-
mally resulting in lateral tibial plateau fracture. Figure based on the classification by Takeuchi et al.10
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intraoperatively or postoperatively, with the latter further bro-
ken down into early or late postoperative complications.
Preoperative or Patient Related
Factors
Previously identified patient factors that increase the risk for
adverse outcomes following osteotomy include diabetes, active
smoking,5 and non-compliance with protected weight bear-
ing.2 While increased body mass index (BMI) may be associ-
ated with higher complications,4 Woodacre et al.6 suggested
that BMI had no significant impact on 5-year survivorship.
Metabolic screening criteria can be used to identify patients
with undiagnosed metabolic or endocrine abnormalities, such
as deficiencies of calcium, 25-hydroxy vitamin D3, thyroid
stimulating hormone, and parathyroid hormone, which may
adversely affect the bone healing process.7,8 Because various
patient-related factors can influence postoperative outcomes
following realignment osteotomy, these should be kept in con-
sideration when evaluating which patients are surgical candi-
dates and deciding if and when to proceed with surgery.
Intraoperative Complications
and Technical Pearls for
Prevention
Cortical Hinge Fracture
Opposite cortical hinge fractures can occur either during open-
ing- or closing-wedge osteotomies and appear to be operative
complications that are not entirely preventable when correcting
large deformities.9 A lateral cortical hinge fracture during a
medial opening-wedge procedure has much more significance
as it can result in displacement, marked instability at the osteot-
omy site, and subsequent loss of correction with recurrent
varus deformity.10,11 The incidence of lateral cortical hinge
fracture after MOWHTO ranges between 20% and 25%.10

Spahn and Wittig12 reported this complication in 11.8%
patients, and if unrecognized or left untreated, can contribute
to loss of angular correction and result in delayed union or
nonunion of the osteotomy. Seo et al.13 reported the incidence
of lateral cortex fracture as 15.6%.

Takeuchi et al.10 described three different types of lateral
cortical hinge fractures, with osteotomy site healing being
influenced by these differences (Fig. 1):
Type I: The fracture involves an extension of the osteotomy
line laterally and is just proximal to or within the tibiofibular
joint. These are relatively stable because the soft tissue near
the proximal tibiofibular joint (PTFJ) area is dense and solid.
However, soft tissue close to the proximal portion from the
lateral tibial plateau is thin, and such cases of type I fractures
may not be as stable.
Type II: The fracture reaches the distal portion of the PTFJ.
When a fracture line extends distally along the lateral cortex
to the PTFJ, the energy opening the osteotomy site is accu-
mulated at the fibula and will be transmitted as rotational
energy. This will result in external rotation of the two frag-
ments with subsequent loss of correction and potential
delayed union or nonunion of the osteotomy site.
Type III: There is extension of the fracture proximally resulting in
a lateral tibial plateau fracture. These are serious complications
because the articular surface of the lateral compartment is
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damaged. These occur at a reported frequency of 2%.10 Nelissen
et al.14 have reported that lateral plateau fractures as a result of lat-
eral cortical hinge disruption occurred in 3 of 49 patients (6%).
Technical Pearl: Fracture Prevention

Osteotomy Endpoint-Level of Fibular Head. In order to reduce
the risk of a lateral hinge fracture in a coronal plane correction,
the osteotomy should be completed along both the anterior
and posterior cortices, with an endpoint at the level of the fibu-
lar head.15 A significant relationship has been reported between
the absence of a lateral hinge fracture with osteotomies that
have endpoints at the level of the fibular head.15

Hinge Position. Position of the hinge can be divided into 5
zones (Fig. 2) based on the classification by Nakamura
et al.,16 which separates groups based on the relationship to
the PTFJ. Of the 89/111 (80.2%) patients without fractures,
70 had hinges in the zone within the PTFJ and lateral to the
medial margin of the PTFJ (zone WL), just above the PTFJ.
Zone WL appears to offer the safest position for the place-
ment of the osteotomy hinge in order to minimize the occur-
rence of a fracture at the osteotomy site.16

Medial Wedge Opening Distance. Opening distance of the
osteotomy has also been implicated as a contributor of lateral
hinge fractures. Seo et al.13 reported that a medial opening
distance of >11 mm was a significant risk factor (OR = 4.98)
Figure 2 Classification of osteotomy hinge position divided into five
zones: AM, AL, WM, WL, B (PTFJ = proximal tibiofibular joint,
A = above PTFJ, W =within PTFJ, B = below PTFJ, M =medial to
medial aspect of PTFJ, L = lateral to medial aspect of PTFJ). Osteoto-
mies are classified as either high, low, shallow, deep, above- or below-
PTFJ. Figure based on the classification by Nakamura et al.16
of lateral cortex fracture and therefore, more attention should
be paid to the lateral cortex when the medial opening size
increases to prevent fracture. The opening distance in the
fracture group was significantly larger than that in the non-
fracture group. Despite the rigid fixation with the use of the
TomoFix plate osteotomy system (Depuy Synthes, Warsaw,
IN), a higher incidence of fracture-related complications has
been reported after Takeuchi type II and III fracture types
than after type I fractures.17

Plate Design: Advantage of Locking Compression Plate System. -
Stoffel et al.18 compared the initial biomechanical stability of
the Puddu (Arthrex, Naples, FL) and TomoFix plates. They
suggested that when the lateral cortex shows signs of frac-
ture or displacement, additional lateral fixation is needed
with the use of a the Puddu plate, but not when a TomoFix
plate is used. There appeared to be enough residual stability
with the use of a TomoFix plate as a result of its angle-stable
construct for protected partial weight bearing. Furthermore,
the addition of the “golden screw” allows for compression of
the lateral hinge due to the forces applied to the bone sec-
ondary to the shape of the plate. Other manufacturers have
introduced alternative techniques to help reduce lateral
hinge fracture risk, including the golden pin concept, in
which a pin is drilled across the hinge to prevent fracture
during wedge opening (Newclip Technics, Haute-Goulaine,
France).

Plate Length. Agneskirchner et al.19 suggested that short
plates showed greater instability between two fragments with
complete lateral cortical disruption. The instability was sig-
nificantly less with the use of longer plates.

Biplanar Osteotomy. Use of a biplanar osteotomy, as sug-
gested by multiple reports, increases the primary stability of
the bone-implant construct.20 Martin et al.2 suggest that to
lessen the risk of a fracture, the first oblique osteotomy
should be made from the upper margin of the pes anserinus
and end 5 mm from the lateral cortical margin, just above
the PTFJ. Osteotomes should be used for the final portion of
the osteotomy. The second anterior portion of the osteotomy
should start at 10 mm or more proximal to the insertion of
the patellar tendon and connect to the first osteotomy plane
to complete the biplanar osteotomy.

Rehabilitation After Fracture. Rehabilitation after lateral cor-
tical hinge fractures, including modification of weight-
bearing status, depends on the type of fracture that occurs
and the type of hardware used to stabilize it. After Takeu-
chi type I fractures, a normal rehabilitation program can
be performed. After type II fracture, patients should
remain non-weightbearing until callus formation is pres-
ent at the osteotomy site. In addition, low-intensity
pulsed ultrasound stimulation has been suggested to be
effective.10 Following type III fracture, patients treated
with a combination of TomoFix plate fixation and bone
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substitute were able to ambulate with full weightbearing
2 weeks after surgery.
Tibial Slope Alterations
Tibial slope is the angle between a line perpendicular to the
mid-diaphysis of the tibia and the posterior inclination of the
tibial plateau. Measurements based on lateral radiographs
have shown the tibial slope to average 10 § 3°.21 Alterations
in the sagittal plane leading to changes in tibial slope have
been reported to increase after MOWHTO due to the trian-
gular anatomy of the tibia.22 The triangular shape of the
proximal tibia must be appreciated and considered during
opening of the medial cortex to avoid inadvertent increases
in the posterior tibial slope,23 as a MOWHTO whose anterior
gap matches that of the posteromedial cortex will result in an
increased proximal tibial slope. Potential effects of inadver-
tent sagittal plane alterations in tibial slope include increased
forces on the cruciate ligaments, instability, and changes in
range of motion.24 Laprade et al.25 reported a significant
increase in tibial slope from an average of 9.0-11.9°. Giffin
et al.24 reported an anterior shift in the resting position of
tibia relative to the femur after increasing tibial slope. This
change in the resting position of the knee alters the contact
point and contact pressures between the tibial plateau and
femoral condyles which thereby can lead to degenerative
changes on the joint.
Technical Pearl: Minimizing Slope Changes
Monitoring slope changes with posteromedial plate position-
ing by applying fixation as far posterior as possible,26 com-
pletion of the osteotomy along the posterolateral aspect of
the tibia, use of parallel pins placed in the sagittal plane to
better assess intraoperative slope changes,27 and ensuring
that the anterior osteotomy gap is approximately half to two-
thirds the size of the posterior gap are all techniques to mini-
mize unintended slope changes.28
Changes in Patella Height: Preventing Patella
Baja
Knee arthroplasty after closing-wedge proximal tibial osteot-
omy has been reported to involve increased technical difficul-
ties with regards to surgical exposure29 due to the
development of patellar tendon shortening.30 This shorten-
ing leads to patella baja and changes in native patellofemoral
biomechanics.31 Both closing- and opening-wedge osteot-
omy techniques have been shown to result in changes in
patellar height.28

Decreased patellar height has been reported to be directly
correlated with either the increase32 or decrease30 of tibial
slope. Laprade et al.25 demonstrated that opening-wedge
proximal tibial osteotomies decrease patellar height within
the first three postoperative months due to patellar tendon
shortening. The greater decrease in patellar height is reported
to be due to distalization of the tibial tuberosity after proxi-
mal tibial opening-wedge osteotomy.33

Technical Pearl: Addition of a Distal Biplanar Tibial
Tubercle Osteotomy
When performing a MOWHTO with relatively large angular
corrections, Longino et al.23 reported that the addition of a
distal biplanar tibial tubercle osteotomy (TTO) minimizes the
reduction in patellar height associated with the procedure.
The tibial tubercle is left attached to the proximal metaphysis,
thereby reducing the influence on patella height during wedge
opening. The authors recommend a distal biplanar osteotomy
for corrections>12 mm. Gaasbeek et al.34 used a similar oper-
ative technique and also found less decrease in Caton-
Deschamps ratios with a MOWHTO when the tibial tubercle
was left attached to the proximal tibial fragment.
Vascular Injury
Neurovascular injury is one of the most catastrophic com-
plications during osteotomy.35,36 There have been several
reports of vascular injuries during closing-wedge high tib-
ial osteotomies, but many complications associated with
MOWHTO likely remain unreported.37 Georgoulis et al.38

reported injury to the popliteal neurovascular structures
in 2 of 250 patients in their case series. Sawant and Ire-
land39 reported a case of an anterior tibial artery pseudoa-
neurysm after closing-wedge high tibial osteotomy.
Rubens et al.40 reported two cases of popliteal artery injury
after HTO. Vascular injury to the popliteal artery is a rec-
ognized rare risk of HTO,41 reported as pseudoaneurysm
formation42 and arterial occlusion.43

An aberrant anterior tibial artery has been described with a
prevalence of 2.1%. Instead of being posterior to the popli-
teus muscle, it courses between the popliteus and the poste-
rior tibial cortex, putting it at serious risk of injury during
creation of the osteotomy.44

Technical Pearl: Protection of Neurovascular
Structures
To minimize the risk of popliteal neurovascular injury, the
general recommendation is to perform the osteotomy with
the knee in 90° of flexion to increase the distance between
the posterior tibia and the popliteal artery.45 In addition, the
use of blunt dissection across the posterior cortex of the tibia
elevates the adjacent soft tissue and aids in the placement of
a blunt-tipped Hohmann retractor to protect the neurovascu-
lar structures, which are in direct line with the proposed
osteotomy.46 Approaching the osteotomy with the saw blade
angled <30° from the coronal plane has also been reported
to protect the neurovascular bundle.37 Completion of the
osteotomy with an osteotome rather than oscillating saw will
also further mitigate risk. However, there are commercially
available oscillating saw blades that are designed to have
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minimal excursion, and therefore, are at less risk of inadver-
tent vascular injury.
If bleeding from an aberrant anterior tibial artery is encoun-

tered, hemostasis may be achieved on opening the osteotomy
wedge and gaining access to the bleeding vessel through the
bone. The vessel may then be tied off or clipped.
Post-operative Complications
Early Complications
Infection
Cases of superficial infection range from 1% by Takeuchi
et al.10 to 10% by Valkering et al.47 Various studies with sam-
ple sizes ranging from 35 to 190 patients have reported on
deep infection rates between 0% and 3%.48 The key to
appropriate long-term treatment of infection is hardware
removal as soon as union is achieved. Martin et al.2 reported
on the recurrence of infection in all cases in which hardware
was kept in place.

Deep Vein Thrombosis/Pulmonary Embolism
Turner et al.49 estimated the deep vein thrombosis (DVT)
rate at 41% (34/84) after lateral closing-wedge high tibial
osteotomy (LCWHTO) based on venography at 7-10 days
postoperatively. Esenkaya and Elmali50 reported a DVT rate
of 3.4% DVT (2/58) for MOWHTO despite the use of a 10-
to 12-day course of low-molecular-weight heparin. There are
rare reports in the literature with regards to pulmonary
embolism (PE) following HTO procedures, with incidences
ranging between 0.2% (1/533)48 and 1.7% (1/58).50 Manage-
ment following diagnosis of a DVT or PE after an HTO
should consist of anticoagulation based on the appropriate
institutional treatment guidelines for these conditions.
Late Complications
Hardware Failure/Loss of Correction
Miller et al.4 noted a 15.22% incidence of loss of angular cor-
rection, which appeared to be most common in the higher
BMI group (average BMI 32.5) and in patients in whom a
first-generation fixation device was applied. Martin et al.2

reported hardware failure with loss of correction in 1% of
patients, who admitted non-compliance with the postopera-
tive weightbearing protocol. One patient had breakage of the
plate itself (Puddu plate) with collapse. The gap created in
the proximal tibia after medial opening-wedge osteotomy
facilitates instability and loss of correction due to lack of pri-
mary stability.51 Hence, Nelissen et al.14 suggest that to with-
stand the forces directed upon an osteotomy, there should be
rigid osteotomy plate and screw fixation. Stoffel et al.18

reported failures and loss of correction due to lateral cortical
hinge fractures and not due to plate or screw fixation failure.
The Puddu plate has been shown to support mainly just the
medial pillar of a MOWHTO, while the TomoFix plate also
stabilizes the lateral pillar in addition to the medial pillar due
to the angular stability it is able to provide. The increased
strength of the TomoFix plate is conferred by the angular
stiffness of the screw heads, the length of the plate, and num-
ber of screws.18

Rates of failure of nonlocking plates have been reported
between 3.6%52 and 6.1%.14 Martin et al.2 reported hard-
ware failure with loss of correction in 1% of patients in their
cohort, with one patient having breakage of the plate itself
(Puddu plate) with collapse, which nonetheless resulted in
union and not requiring additional surgery. In their series,
two other patients had failure of the two distal cortical screws
of the Puddu plate, resulting in collapse and nonunion
requiring subsequent revision. No such failures have been
reported with the use of a locking plate,20 except for one
recent case reported by Floerkemeier et al.48 Isolated screw
breakage has been reported between 12.7%52 and 20.8%
(10/49).14 Takeuchi et al.10 reported no implant failures, col-
lapse, or screw loosening in their cohort with the use of the
TomoFix plate with artificial bone substitutes.
Technical Pearl: Use of Locking Compression Plates
In cases of lateral cortical hinge fracture, primary stability of
Puddu plate constructs have been reported to be insufficient
and require additional stabilization through lateral plate or
staple.6 On the other hand, there is enough residual axial
and torsional stability of the construct when a TomoFix plate
is used to allow for careful partial weightbearing without the
need for additional fixation.18 The locking compression plate
system provides rigid fixation of the osteotomy even under
weightbearing,53 which along with an optimal postoperative
rehabilitation program enables patients to ambulate with full
weightbearing as soon as possible.2 Early postoperative
weightbearing is beneficial for preventing conditions such as
disuse osteopenia/osteoporosis and DVT.48 Patients can be
allowed to progress to full weightbearing after 6 weeks with
the use of TomoFix plates for fixation,54 whereas full weight-
bearing with the use of Puddu plates after MOWHTO should
be delayed until approximately three months after surgery.55
Hardware Irritation
Plates used for MOWHTO are directly subcutaneous and are
therefore more prone to causing mechanical symptoms and
hardware irritation by pressing on nearby structures, includ-
ing the pes anserinus and hamstring tendons, the medial col-
lateral ligament, and the overlying subcutaneous tissue and
skin, necessitating subsequent plate removal. Approximately
60% of patients require subsequent hardware removal due to
pain.56 It has been shown that recent polyetheretherketone
(PEEK) HTO implants sitting inside the osteotomy have a
reduced risk of hardware removal compared to metal
fixation.57,58
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Delayed Union and Nonunion
The most common complication reported in MOWHTO
requiring extended non-operative treatment is delayed union
(12%).2 In the literature, a delayed union has been described
as inadequate bone healing between three to six months.59,60

It should be noted, however, that the use of more rigid fixa-
tion during primary procedures may result in osteotomies
taking longer than six months to demonstrate complete osse-
ous consolidation.2

Nonunions have generally been considered inadequate
healing at or after 6 months,2,59 often presenting clinically as
persistent pain at the osteotomy site with weightbearing.
Others have used 9 months,6 or >1 year,61 after surgery as
the thresholds for defining nonunion in the setting of persis-
tent pain at the osteotomy site, in addition to failure of clini-
cal and radiographic union.
Multiple factors have been reported to affect the occur-

rence of delayed union and nonunion including advanced
age, wedge size, material filling the osteotomy gap, type of
fixation, lateral hinge fracture, smoking, BMI, postoperative
weightbearing protocol, metabolic diseases such as diabetes,
infection, and drug and alcohol abuse.2,4,6,59,61-64

Martin et al.2 reported rates of delayed union following
MOWHTO at 18.3% for active smokers, 15.6% for ex-
smokers, and 9.4% for non-smokers. The rate was 27.3%
for diabetic patients and 11.5% for nondiabetic patients.
The delayed union rate was 13.7% for patients with a
non-locking (Puddu) plate and 3.9% for patients with a
locking (TomoFix) plate.2 Martin et al.2 reported the fol-
lowing rates of nonunion following MOWHTO: 4.8% for
active smokers, 4.3% for ex-smokers, and 2.4% for non-
smokers; 16.6% for diabetic patients and 2.6% for non-
diabetic patients; 3.4% for patients with a non-locking
(Puddu) plate and 1.9% for patients with a locking
(TomoFix) plate. A recent review of the literature esti-
mates the risk of nonunion following LCWHTO between
1% and 5%.65

Technical Pearl: Role of Bone Grafting and Locking
Plates
A lateral closing-wedge osteotomy achieves the same anatom-
ical correction as a MOWHTO, but it eliminates the need to
fill or accommodate the defect left in the bone by an open-
ing-wedge, and thereby results in a reduced potential for
delayed unions or nonunions.62 MOWHTO has gained pop-
ularity over the lateral-closing technique primarily due to the
complications of lateral-closing wedge osteotomy such as
compartment syndrome and peroneal nerve injury.66 Autolo-
gous bone graft is popular due to its combined osteoinduc-
tive and osteoconductive properties. Complications from the
autologous donor site need to be considered, however,
including infection, pain, hematoma, and prolonged opera-
tive time.67 Alternatively, bone substitutes have been used to
avoid donor site morbidity and complications while still fill-
ing the osteotomy defect. Newer fixed-angle locking plates
used to stabilize MOWHTO are thought to provide a signifi-
cantly more stable construct for fixation than previous
designs, decreasing the complications of nonunion and fail-
ure of the osteotomy site.68 Locking plates have proved to be
successful even without bone grafts or bone-substitute
material.69

Staubli et al.69 performed a retrospective study in which
no interposition material was used to fill the wedge, with
gap openings between 5 mm and 20 mm and reported that
ossification of the gap progressed from the lateral hinge
toward the medial side. Approximately 75% of the osteot-
omy gap filled in with new bone within 6-18 months. How-
ever, in a direct comparative study, Gouin et al.67

concluded that the use of bone substitute in the form of cal-
cium phosphate wedges increased the risk of loss of correc-
tion when compared to tricortical autograft. A 100% union
rate was demonstrated by El-Assal et al.70 using no bone
graft with only one partial loss of correction but concluded
a significant relationship between size of osteotomy and
delay in time to union.
Revision of Delayed Unions and
Nonunions
Identifying patients at risk for delayed union or nonunion
is important in order to allow for earlier intervention
throughout the course of care. Most of the available litera-
ture regarding osteotomy failures, including delayed
unions and nonunions, is regarding high tibial osteoto-
mies. While there is a paucity of literature evaluating
delayed unions and nonunions of distal femoral osteoto-
mies71 when compared to that of high tibial osteotomies,
the same principles discussed for high tibial osteotomies
are applicable to DFO delayed unions and nonunions.

Delayed unions and nonunions of high tibial osteotomies
have been well-described in the literature, although are not
very frequent.2,4,72-76 Nonunion is generally less common in
LCWHTO due to the better healing potential of metaphyseal
cancellous bone in the proximal tibia that is in direct apposi-
tion and mechanically stable.77 This is in contrast to a
MOWHTO that relies on bony healing through a distracted
osteotomy site, which is often filled with an intercalary seg-
ment of bone autograft or allograft, but sometimes is not sup-
plemented with any type of graft.77 Delayed unions and
nonunions can present with loss of angular correction or
even postoperative fracture. The question when presented
with a delayed union or nonunion is when to proceed with
revision surgery as opposed to continued observation and
expectant management.

Imaging is an essential component in the diagnosis and
management of failed osteotomies. The single best predic-
tor of bone healing on imaging has been cortical continu-
ity.78 Previous scoring systems evaluating bone healing
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after MOWHTO have been developed.61,69,79,80 Comput-
erized tomography (CT) can also assist in evaluating the
extend of fracture union.81 Regardless of the radiographic
method used to evaluate the extent of bone healing, the
utility of using a radiographic method is one factor in
determining whether a patient may have a delayed union
or progress onto a nonunion, and therefore, a surgeon may
decide to perform a revision osteotomy sooner than other-
wise, especially in higher-risk patients, such as smokers,
patients with persistent weightbearing pain, and pain at the
osteotomy site.61

Identification of patient risk factors is also essential in deter-
mining which patients are at higher risk for delayed unions
and nonunions, thereby assisting with clinical decision making
when deciding on whom, and when, to proceed with revising
an osteotomy. Many of these factors are important to consider
in preoperative optimization of a patient undergoing osteot-
omy in an attempt to minimize intraoperative and postopera-
tive complications. Two important strategies prior to surgery
that can significantly improve modifiable patient risk factors
to reduce perioperative complications include weight loss4

and smoking cessation.4,82

When considering if, how, and when to revise a delayed
union or nonunion, it is essential to determine why an
osteotomy has failed to heal. Broadly, one can consider
failures of union to occur as a result of either unfavorable
biology, ineffective construct stability, infection, or a combi-
nation of these. Initial workup should always include an
infectious workup including erythrocyte sedimentation rate
and c-reactive protein laboratory values. If an infection is
present, the decision needs to be made whether or not to
proceed with an immediate irrigation and debridement with
or without hardware removal, or whether to suppress a more
chronic, low-grade infection with antibiotics until union and
then proceed with hardware removal.
If an infection has been ruled out when evaluating a

delayed union or nonunion, identification of metabolic or
nutritional deficiencies may allow for medical optimization
without the necessity to proceed with revision surgery. The
medication recombinant human parathyroid hormone
(rhPTH) teriparatide may be helpful in the initial non-opera-
tive management of a delayed union as it has been shown to
increase bone mineral density in osteoporosis83,84 and has
led to faster fracture healing in both animal studies85-89 and
human clinical trials.90,91

Other non-operative management strategies of a suspected
delayed union include load reduction on the involved extrem-
ity, including limited or protected weightbearing.2 Patient
medications also need to be thoroughly reviewed to ensure
they are not on any agents that may interfere with bone heal-
ing, such as nonsteroidal anti-inflammatories (NSAIDs),92,93

corticosteroids,94 bisphosphonates,95 and chemotherapy.96,97

Non-invasive externally applied treatments to encourage
bone healing include electromagnetic bone stimulation,98

low intensity pulsed ultrasonography,99 and extracorporeal
shock wave therapy.100,101 However, data is conflicting with
regards to their efficacy and clinical impact.

If a patient has maximized non-operative management of a
delayed union and there is concern for the development of a
nonunion, then one should proceed with more invasive strat-
egies, ranging from percutaneous interventions to larger revi-
sion procedures.

Orthobiologic agents can be used to optimize the bio-
logic environment of a delayed union or nonunion,102

many of which can be applied percutaneously. Various
agents102 can be used to improve the biologic environment
of nonunions including autologous bone grafting espe-
cially from the iliac crest, allogenic bone graft, bone mar-
row aspirate concentrate (BMAC),103 recombinant human
bone morphogenetic protein (rhBMP) 2 and 7,104-106 and
platelet rich plasma (PRP).107,108 Hernigou et al.97,109

have shown that percutaneous injection of BMAC alone in
atrophic tibial fracture nonunions has resulted in a healing
rate of 88%. They also showed a positive correlation
between number of progenitor cells in the aspirate and the
amount of callus. In addition, the number of progenitor
cells was significantly greater in those patients who
achieved union. Martin et al.2 augmented their revision
procedures, which consisted of locking plate fixation and
bone grafting, with either BMP-2, BMP-7, or PRP.

While percutaneous biologic augmentation of a failed
osteotomy may help if the main cause of a failed osteot-
omy is an insufficient biologic environment, if the main
problem is inadequate fixation, which is more commonly
the case, including either unstable or too-rigid fixation,
then biologic augmentation alone will not address the
underlying problem. In these circumstances, revision fix-
ation needs to be considered. The general principles of
revising HTO nonunions includes rigid fixation, com-
pression, and bone grafting.77

At the time of revision, the same incision should be used to
minimize any skin necrosis or wound complications if too
small of a skin bridge were created between old and new inci-
sions. If no bone graft was used originally at the time of pri-
mary surgery, but the fixation is stable without loosening,
revision surgery with only bone grafting without revision of
fixation could be an option.82 Traditionally, bone grafting of
the medial opening-wedge gap has been recommended to
improve postoperative stability and union.110 However, Zorzi
et al.111 demonstrated that there was no statistically significant
difference with regards to time to union with autologous bone
grafting vs non-grafted osteotomies for defects �12.5 mm.

Cameron et al.75 reported on a technique of revision HTO
consisting of the use of two plates instead of one and supple-
menting with iliac crest autograft. In their series, single plat-
ing of nonunions resulted in poor results. Their series overall
suggest increasing the stability of the fixation with more rigid
fixation and using bone autograft aids in union following a
previous nonunion. While resection of the scar and fibrous
tissue of a pseudarthrosis has been generally recommended
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for HTO nonunions,63,97,112,113 Cameron et al.75 were con-
cerned about the remaining proximal bone stock and the
potential lack of screw purchase were they to debride any of
the remaining bone. To circumvent this, after the plates were
fixed in place, they created a series of windows into the pseu-
doarthrosis and filled these with bone graft. The use of their
plates however was prior to the newer generation of angle-
stable fixation implants.
If fixation of the primary osteotomy fails, then hardware

removal with revision plate and screw fixation can be per-
formed, typically with some type of grafting of the nonunion
site.114 Wolff and Krackow115 utilized internal fixation for
nonunions, routinely performed open bone grafting of the
nonunion sites, and emphasized the importance of maintain-
ing metaphyseal bone for potential total knee arthroplasty
(TKA) in the future, thereby not resecting the pseudarthrosis.
An alternative fixation strategy in patients where the proxi-

mal tibial fragment is too small, thereby making plate fixation
strategies unsuitable, is with the use of external fixation.
Schatzker et al.112 described three osteotomy nonunions that
were successfully managed with bone grafting and external fix-
ation. Tjornstrand et al.113 used external fixation after resec-
tion of the pseudoarthrosis for management of nonunions.
There are concerns, however, of the limited rotational control
with external fixation if the proximal metaphyseal fragment is
small, for the potential of pin site infections, and loss of correc-
tion due to pin loosening.114 To address some of the concerns
of external fixation stability, multiplanar external fixation with
an Ilizarov frame116 or a Taylor spatial frame117 has been uti-
lized. Distraction osteogenesis with a dynamic external fixator
is another minimally invasive technique that has been shown
effective for HTO nonunions.118
Figure 3 (A) Weightbearing AP view demonstrating medial k
asymmetric varus of the left lower extremity.
If revision surgery fails, a salvage option is conversion to a
TKA with revision components.75,113,119,120 While conversion to
TKA is not a primary revision strategy for a nonunion following
an osteotomy around the knee, cases have demonstrated that it
can serve as a potential salvage option with reasonable outcomes.

Overall, after nonoperative management has failed in heal-
ing a delayed union or nonunion, various progressively more
invasive strategies are available. These include percutaneous
strategies for graft placement, the use of biologic agents to
stimulate bone healing, or revision surgeries for placement of
bone graft with or without revision of fixation. Other forms
of fixation strategies at time of revision include external fixa-
tion, more recently with multiplanar external fixation devi-
ces, in addition to distraction osteogenesis. For more
complicated cases that fail revision procedures, conversion to
a TKA is a salvage option.
Case Examples
Case 1
A 56-year-old male presented with medial left knee pain
worsened by impact loading which was significantly affecting
his quality of life and work as a landscaper. He was a non-
smoker with no significant past medical history apart from
an anterior cruciate ligament reconstruction on the contralat-
eral knee 22 years prior. His clinical examination revealed
asymmetric varus alignment, medial joint line tenderness
with a stable knee apart from mild valgus pseudo-laxity. His
radiographs confirmed medial arthrosis with varus alignment
(Fig. 3). He underwent a MOWHTO with an iBalance
implant (Arthrex Inc, Naples, FL). A calcium phosphate
nee arthrosis with (B) alignment views demonstrating



Figure 4 (A, B) Lateral and AP intraoperative fluoroscopic views demonstrating alignment jigs during the procedure and
(C) final construct with bone substitute and lateral pilot hole.
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bone substitute was used to fill the osteotomy gap (Fig. 4).
Six weeks after surgery, he presented with a red swollen knee
concerning for infection. Serum inflammatory markers were
within normal limits. Radiographs at that time demonstrated
Figure 5 (A, B) AP and lateral radiographs showing HTO 2 w
showing HTO 6 weeks postoperative with florid bone reactio
(E) hip-knee-ankle alignment radiograph demonstrating loss o
collapse of the osteotomy and loss of correction (Fig. 5). The
patient underwent a revision with removal of the iBalance
implant, correction of the deformity, and stable fixation
using a TomoFix fixed-angle locking plate fixator (Fig. 6).
eeks postoperative; (C, D) AP and lateral radiographs
n around the implant and opening of the lateral hinge;
f correction with worsening varus deformity.



Figure 6 Intraoperative fluoroscopic images of (A) removing the iBalance implant; (B) opening of the osteotomy and
correction of the deformity; (C) application of the TomoFix plate fixation.
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The patient went on to make a full recovery with a stable,
healed osteotomy (Fig. 7).
Case 2
A 44-year-old female presented 18 months following a right
total hip arthroplasty for significant hip dysplasia. At presenta-
tion, she complained of significant right lateral knee pain and
difficulty with walking due to her deformity. She was over-
weight with a BMI of 37, but otherwise was healthy. Clinically
she presented with severe valgus alignment of the right leg
Figure 7 (A) AP radiograph demonstrating united osteotomy and (B)
satisfactory limb alignment.
and varus on the contralateral limb, giving a windswept
appearance. She had apparent shortening of the right leg.
Radiographs demonstrated marked valgus deformity of the
right lower extremity (Fig. 8). Because of the apparent
Figure 8 (A, B) AP and lateral radiographs of the right knee demon-
strating early lateral compartment arthrosis; (C) hip-knee-ankle
alignment radiographs demonstrating severe valgus deformity on
the right, with varus deformity of the left leg.



Figure 9 (A) Guide pin in situ showing trajectory of the osteotomy; (B) TomoFix locking plate fixation in-situ demon-
strating a satisfactory correction and stable construct.
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shortening of the right femur, she underwent a right knee lat-
eral opening wedge DFO in an attempt to preserve length of
the femur, and possibly increase length to correct the limb
length discrepancy (Fig. 9). In the immediate postoperative
period (approximately 5 days after surgery) she slipped at
home. She presented back to clinic where radiographs demon-
strated an unstable medial hinge fracture and change in her
Figure 10 (A, B) AP and lateral radiographs demonstrating an
alignment on hip-knee-ankle alignment radiograph.
coronal plane alignment, worse than preoperatively (Fig. 10).
She was brought back to the operating room immediately for
revision of the fixation, with the addition of a medial plate to
provide more optimal and stable fixation (Fig. 11). Following
the revision, the patient continued to do well with reduced
pain and radiographs demonstrating stable fixation (Fig. 12)
with a significant improvement in clinical alignment.
unstable medial hinge with (C) worsened coronal plane



Figure 12 (A, B) AP and lateral radiographs demonstrating improved stable fixation.

Figure 11 (A) Pin in-situ demonstrating the level of the unstable hinge; (B) proximal screws removed from the lateral
plate and (C) coronal plane correction achieved; (D) medial plate applied to achieve stable fixation.

12 M.F. Schubert et al.
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