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Osteotomy Complications: Prevention and Cure
Ravi T Rudraraju1, Jobe Shatrov1, Brett A Fritsch1
Abstract
Osteotomies around the knee are done to treat unicompartmental knee osteoarthritis, address instability and to correct the deformity. Careful
selection of patient and preoperatively planning the target alignment are the key to achieve optimal results. There are multiple types of
osteotomies with varying complication rates for each procedure. Opening wedge high tibial osteotomy (HTO) is the commonly performed
osteotomy with an incidence of complications ranging from 1.9% to 55%. Closed wedge HTO has complication rate of around 10 to 34% and
higher complication rates (19 to 70%) are reported with distal femoral osteotomy. Complications are broadly classified into general and
osteotomy specific complications, and osteotomy specific complications can be further subdivided into failure of effect, complications of the
osteotomy itself, and complications of the implant.
This paper presents an overview of the complications of common osteotomies around the knee, predominantly high tibial and distal femoral
osteotomy, and the approaches and techniques the surgeon can use to minimise their frequency and severity.
Keywords: High Tibial Osteotomy, Medial Closed Wedge HTO, Lateral Closed Wedge HTO, Distal Femoral Osteotomy, Complications after
Osteotomy
Introduction
The definition of osteotomy is “the cutting of bone, especially to allow
realignment”, and is used in knee surgery to create changes in the
alignment of the limb to improve function. Knee osteotomies can be
classified as closing wedge, opening wedge, dome, rotational,
translation or a combination of each, depending upon the way the
osteotomy is created and the realignment performed [1]. Each has
specific indications, technical challenges and differing types and rates
of complication. The scope of this paper is to give an overview of the
complications of osteotomy and it is mostly focused on the three most
commonly performed ; Medial opening wedge (MOW), lateral closing
wedge (LCW) high tibial osteotomies (HTO) and lateral opening
distal femoral osteotomy (DFO) [1].
Overall incidence of complications following osteotomies around the
knee vary based on the case series, type and location of osteotomy and
the definition of complication being employed in the study. Incidence
following OWHTO ranges from 1.9 % to 55% [2], and from 10% to
34% [3-5] after lateral CWHTO. Higher complication rates (19-70%)
have been reported for DFO [6-10]. Overall, osteotomy around the
knee has a low serious complication rate, but a relatively high minor
complication rate. Complications can be classified in many ways,
though in simple terms they can be divided into general complications
of surgery and osteotomy specific complications (Table 1). Osteotomy
specific complications can be further subdivided into failure of effect,
complications of the osteotomy, and complication of the implant.

The aim of this review was to summarize the current literature on
complications of osteotomy around the knee. Additionally, this review
makes recommendations for prevention and treatment options when
encountering these problems. For the purpose of focus and brevity, this
paper primarily describes the specifics of complications related to HTO
and DFO.
General Complications of the Surgery
General complications include anaesthetic complications, regional
pain syndrome, deep vein thrombosis (DVT), pulmonary embolism
(PE), infections and compartment syndrome. Risk of adverse events
following osteotomies around the knee appear to be related to the
patient profile as much as the specific type of osteotomy. Diabetes,
COPD, age > 45 and dependent functional status each have all been
shown to independently double the risk of adverse outcomes following
osteotomy, independent of the location (femoral or tibial) [11].
Incidence for infection, hematoma, thrombosis and complex regional
pain syndrome may vary slightly between types of osteotomy [12, 13].
Deep Vein Thrombosis and Pulmonary Embolus
Deep vein thrombosis and PE occur due to combination of surgery,
immobilisation of the limb and additional patient factors that have
previously been well described. The incidence of DVT ranges from
2–5% in most series [2, 5]. Institution of postoperative
thromboprophylaxis regime along similar lines to that used in knee
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General Surgical Complications

Specific Complications

1- Anaesthetic Complication

1- Hinge Fracture

2- Deep Vein Thrombosis/Pulmonary Embolism

2- Correction Failure

3- Infection

3- Non Union

4- Regional Pain Syndrom
5- Compartment Syndrom

4- Secondary Alignment Issue
*Tibial Slope Change/Patella Baja
5- Neurovascular Injury
6- Complications Related to Implant
7- TKR Technical Challenges

Table 1: General complications and specific complications osteotomy surgery

arthroplasty is advisable.
Compartment Syndrome
Compartment syndrome is a rare (<1%) but devastating complication
of osteotomy. Gibson et al. and Bauer et al. have shown that there is an
increase in compartment pressures with HTO, leading to the possibility
of an anterior compartment syndrome, however the precise aetiology is
not known and can likely occur through a variety of pathways [14]. The
incidence following lateral CW-HTO has been observed to be higher
when compared to medial OW-HTO [15]. Consideration of approach,
meticulous haemostasis and attention to fluid extravasation in
combined arthroscopic procedures may help reduce the incidence of
compartment syndrome following osteotomy. Furthermore, particular
vigilance should be made in the early post-operative period to
monitoring for the signs of compartment syndrome.
Infections
Rates of infection with osteotomies around the knee range from
0.8–10.4% with smokers and diabetes posing increased risk [2]. Higher
rate of infections are seen with external fixation, usually due to pin-site
infection [16]. Most are superficial infections and can be treated
successfully with oral antibiotics. Deep infections are more problematic
and may require irrigation and debridement with the use of intravenous
antibiotics. A meta-analysis done by smith et al found no statistically
significant difference in infection rate between closing and opening
wedge HTO [17].
Failure of Effect
The effect of an osteotomy can be suboptimal for multiple reasons.
Poor patient selection, incorrect planning of the osteotomy or failure of
execution can all result in a failure to achieve the desired effect.

Figure 1a: Preoperative planning: full-length
weight-bearing radiographs of the lower
extremities (hips to ankles) are essential to avoid
complications

Patient Selection
The critical first step in performing an osteotomy is appropriate patient
selection. This is dependent upon the condition being treated. For the
management of knee osteoarthritis, the ideal candidate is young (<60
years), physically active, with a preserved range of motion, a stable joint,
minimal contracture, correctable deformity and some joint space
remaining on the side of arthritis. Patients affected by bicompartmental
osteoarthritis, rheumatoid arthritis, fixed flexion contracture >25
degrees and patients with BMI ≥30 are not suitable candidates
according to current ISAKOS guidelines [18]. Applications of
osteotomy to instability alter the selection criteria to encompass the
pattern being managed (for example posterolateral corner instability
can be addressed via a valgising osteotomy, and the cruciate deficiencies
addressed via changes in tibial slope).
Planning
Preoperative planning for coronal/sagittal osteotomy around the knee
requires accurate assessment of starting alignment. This can be
performed using 3 foot standing films [19], novel radiographic
instruments like EOS machines, (Figure 1a) (Figure 1b) or
reconstructive techniques such as CT or MRI [20-21] (Figure 1c).
Each has their benefits and drawbacks; however one of the most
significant differences is seen between non-weight bearing, double-leg
stance and single-leg stance images [21-23]. Double leg weight bearing
radiography is gold standard for assessing knee alignment but studies
have shown single leg weight-bearing images more accurately represent
dynamic joint load and have higher mean hip knee ankle angle (HKAA)
(range 0.8 to 1.5 degrees higher) compared to double leg stance images
[23]. Supine CT scans are taken in patients with flexion deformity and
severe OA as obtaining standing full length radiography can be difficult.
Surgeons should be aware that supine CT can underestimate the
alignment angle (HKAA 1.3 degrees ± 0.4) when compared to double
leg standing radiographs and therefore consider the difference when
planning for an osteotomy [21, 24].
The second part of accurate planning is the target alignment. For many
surgeons the work of Fujisawa et al have defined their target in medial
osteoarthritis. Fujisawa’s point is defined as a point in the lateral
compartment, 62.5% the width of the tibial plateau with medial side
starting point of 0% and the lateral edge of the lateral plateau being
100% [25]. Multiple studies have reported good results using this target
alignment [26, 27] .

Figure 1b: EOS imaging is a low-dose, weightbearing X-ray technology using significantly less
radiation than traditional X-rays or CT scans

Figure 1c: Pre-operative planning using 3D
computer software
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Recently it has been suggested that the crossing point of the Weight
Bearing Axis (WBA) in the tibial plateau (as expressed in percentage like
Fujisawa’s point) should be altered by the stage of osteoarthritic (OA).
For mild OA (ICRS grade I–II) the target alignment should be set at
55–60%, and for more advanced OA (ICRS grade III or IV) the goal
should be should be set to 58–63% whilst maintaining the postoperative
medial proximal tibial angle (MTPA) below 95 degrees [21]. A WBA
which crosses at a point of 54% of the width of the tibia plateau results in
an overall hip-knee angle (HKA) range of 0-3 degrees of valgus [28, 29].
Under correction (<40%) or over-correction (80%) either does not
achieve the goal of the surgery or results in non-physiological kinematics,
abnormal ligament tension and should be avoided [30].
Coronal Alignment - Posterior Tibial Slope
Surgeons should understand how each specific osteotomy technique can
effect tibial slope, and the consequences of such changes, if they are to
avoid a complication related to inadvertent changes in slope. Because of
the shape of the tibia and resulting axis of rotation being off centre,
changes in coronal alignment will alter sagittal alignment unless this
geometry is well understood by the surgeon. Medial OWHTO tends to
increase PTS and restrict extension causing overload on the ACL. Lateral
CWHTO results in a decrease in PTS causing hyperextension and
overload on the PCL contributing to reduction in anterior instability.
Noyes et al described this well and prescribed how the anterior
osteotomy gap at the tibial tubercle should be one half of the
posteromedial gap in order to maintain the starting sagittal tibial slope.
Every millimeter of gap error at the tibial tubercle resulted in
approximately 2° of change in the slope [31] (Figure 2). Yoon et al
similarly shown that the anterior opening gap should be 67% of the
posterior gap in order to maintain PTS [32].
Complications of Execution
With the osteotomy accurately planned, perfect delivery, and intraoperative confirmation of alignment, is required. Conventional methods
using fluoroscopy with either a cable or straight rod, grid technique and
anatomic referencing, or simple gap measurement can result in error in
measurement and alignment outliers. Navigation has been shown to
reduce the incidence of alignment outliers following osteotomy, though
adds complex equipment and cost [33]. Patient specific cutting guides
(PSCG) offer a solution to these problems and aid in accuracy and
precision of correction angles during osteotomy [32]. Studies have
shown PSCGs helps in achieving an optimal correction in a safe and
Figure 2: Frank R.
Noyes et al observed
that anterior
osteotomy gap at the
tibial tubercle was
generally one half of
the posteromedial gap
to maintain the normal
sagittal tibial slope.
Figure 3: Cortical
hinge fractures are
classified into 3
groups as described
by Takeuchi et al

www.asianarthroscopy.com
reliable manner with good functional outcomes. They reduce the use of
fluoroscopy, operating time and complications [34, 35].
Hinge Fracture / Intra articular Fracture
All osteotomies require some plastic deformation or microfracture in
order to open or close the wedge, but this complication refers to an
unintended macroscopic fracture which results in a loss of stability. It is a
more significant issue around opening wedge osteotomies as they are
inherently less stable than closing wedge. It is this loss of stability that
makes these fractures the “mother of complications” as the resultant
destabilisation of the proximal fragment can allow alteration of angular
correction to occur, along with progression to malunion, delayed union
or non-union.
Most literature regarding hinge fractures relate to HTO, and incidence
for has been reported to be as high as 25% [2]. For medial OWHTO,
incidence has been reported to be 13.8% in CT scans and range between
9 and 25% on plain radiographs [36, 37]. In CWHTO incidence of
fracture is slightly lower ranging from 10% to 20% [20]. Very few data are
currently available to draw accurate occurrence rate of this complication
during DFO procedures.
Not all hinge fractures are equal. Takeuchi et al has described a
classification for OW-HTO hinge fractures (Figure 3) [37]. Type I are
relatively benign and tend to heal without consequence unless
significantly displaced, Type II and III are more significant with both
types having increased rates of non-union (38) and Type III being
potentially arthrogenic. Both Type II and III are much more likely to
benefit from secondary stabilisation while undisplaced type I fractures
can generally be observed.
These fractures occur when forces through the hinge point are released
by macrofracture rather than plastic deformation. It occurs when the
lateral hinge is malpositioned, the osteotomy is incompletely performed,
the MCL insufficiently released (Figure 4a) or poor technique is used to
open the osteotomy. In simple terms the hinge point should be closer to
the lateral cortex than the tibial plateau (approximately 10mm from the
lateral cortex) [39]. Nakamura et al very well described the relationship
between hinge position and fracture types. They divided hinge positions
into five zones by their relationship to the proximal tibiofibular joint
(PTFJ) and identified zone ‘WL’ (low and lateral) as the safest position
for the placement of the osteotomy hinge to avoid fracture [40] (Figure
5). This corresponds to a similar point described by Ogawa et al who
reported no lateral hinge fracture with an osteotomy whose endpoint
was at the level of the fibular head [41]. Supplementary techniques for
minimising the risk of hinge fracture include addition of a 5 mm diameter
anteroposterior stress relieving drill hole 10 mm from the opposite
cortex and 20 mm from the plateau (at the apex of the osteotomy) [42]
(Figure 4b), or the passage of a 2.5 mm K-wire stress-shielding wire that

Figure 4a: Sufficient MCL
release

Figure 4b: Anteroposterior stress
relieving drill hole
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Figure 5: Nakamura et
al described the
relationship between
hinge position and
fracture types and
identified zone ‘WL’ as
the safest position for
the placement of the
osteotomy hinge to
avoid fracture

Figure 6: Hinge pin to minimise the risk of
fracture

Figure 7: Incomplete osteotomy at the
posterolateral cortex (in an OWHTO) will result
in fracture

Figure 8: Wedge distraction using spreader

passes from distal/medial to proximal/lateral obliquely across the
hinge point. Both techniques allow for significant increase in correction
without hinge fracture (Figure 6 ) [43].
To allow easy opening or closing and minimise the risk of fracture the
osteotomy needs to be complete. The most common region for
incomplete osteotomy is the posterolateral cortex (in an OWHTO),
and extra care needs to be taken to ensure the osteotomy is complete at
this region (Figure 7). Forced opening without completion of the
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osteotomy will result in fracture. Similarly, if the MCL is incompletely
released excessive force will also be applied on opening, increasing the
likelihood of fracture. Finally the method used for opening the
osteotomy is important. Opening via a laminar spreader placed on the
medial edge of the osteotomy applies a lever to the hinge point allowing
it to gradually open, whereas a impacting a wedge as some techniques
describe, applies a combination of spreading with splitting, like a
blockbuster through wood, with a result of increased risk of fracture
(Figure 8). Whichever technique the surgeon prefers, a gradual, careful
opening of the osteotomy keeping constant vigilance of the feel of
pressure at the hinge and its response to further increases in pressure,
are key in minimising the risk of fracturing the lateral hinge.
Delayed Union and Non Union
Rates of non-union and delayed union are slightly higher for opening
wedge versus closing wedge osteotomies in both the femur and the tibia
due to the inherent stability and immediate metaphyseal bone to bone
compression that occurs with closing wedge osteotomies. For HTO,
the incidence of delayed union ranges from 4 to 8.5% and 0 to 5.4% for
non-union [44, 45]. For DFO, nonunion rates range from 2-5% .
Average time to union for an opening wedge (OW) DFO is 3-6 months
and 4 months following a closing wedge (DFO). Delayed union occurs
in approximately 10% of cases [6, 8].
The risk of delayed union and nonunion is increased with hinge
fracture, implant failure and smoking [46]. Furthermore, slower union
has been demonstrated when the osteotomy is distal to the tibial
tubercle in the tibia thought to be owed to the lower healing potential of
the bone below the metaphysis [47]. Risk of non-union can be
minimized through avoidance of intra-operative fracture, ensuring the
osteotomy does not cross into diaphyseal bone, obtaining adequate
rigid internal fixation and optimizing the patient biology if possible
through smoking cessation.
Correction Failure
Correction failure is defined by not achieving or maintaining the
intended limb-alignment. It is usually referred to in terms of coronal
alignment, however should also consider the sagittal alignment as
defined by the PTS. It can either be immediate (correct alignment never
achieved) or delayed (correction was obtained but deformity gradually
recurred). It can lead to recurrent varus or valgus deformity, the
progression of joint arthritis and patient dissatisfaction. Correction
failure occurs approximately 15% of the time following osteotomy
about the knee [44].
Immediate correction failure is likely related to the intraoperative
correction not being achieved. Most corrections are based on
preoperative planning data and the faithful reproduction of the
preoperative plan intraoperatively, and many of the challenges relating
to this have been discussed in previous paragraphs [48]. The use of
computer navigation in osteotomy surgery about the knee may solve
some of these issues by affording real time data regarding mechanical
axis and angular correction, allowing more precise control of the
correction [49]. Another possible cause of early correction failure may
be due to inappropriate wedge size in the case of DFO or OW-HTO
typically from under sizing, or due to the use of wedge materials that are
easily compressed and may lead to loss of correction at the time of
surgery.
Delayed correction failure is more complex and likely multifactorial.
MCL release has been shown to be important factor for reducing
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medial compartment pressures following OW-HTO, and inadequate
release may leave the medial compartment compressed despite
alignment being adjusted [50]. Fixation with rigid locking plates is also
required to reduce movement of the osteotomy site, and inadequate
fixation may lead to correction loss. Use of rigid locking plates, release of
the MCL and wedges that are non-compressible such as bone autograft
or allograft containing cortical and cancellous bone may help reduce
the risk of delayed correction failure. Simple disease progression over
time is very frequently the key factor resulting in loss of correction in the
long term.
Patellar Height
HTO can result in changes in patellar height whenever the osteotomy is
performed proximal to the tibial tubercle. Medial OWHTO can cause a
decrease in patellar height because the tibial tuberosity is distalised
relative to the joint line by opening of the proximal tibia during the
procedure. Lateral CWHTO elevates the tibial tuberosity, bringing it
closer to the joint line thus relatively increasing patellar height when
measured against the joint line [51]. It should be remembered though
that the tibial tubercle is close to the middle of the tibia medial-lateral,
and thus the effect seen at this point is significantly less than the
maximal size of the tibial wedge opened or closed. In cases of very large
corrections, where the surgeon may be concerned about this effect, it
can be completely overcome by creating an apex distal bi-planar step cut
and keeping the tubercle attached to the proximal fragment [52]. Even
where it does occur, short term studies have shown patella baja induced
by the MOWHTO surgery does not lead to a reduction in functional
results and the clinical consequences of patella baja post HTO remain
unclear [53].
Neurovascular Complications
Both the popliteal structures (vascular and tibial nerve), and the
common peroneal nerve, are at risk during osteotomies around the
knee. Neural complications of osteotomies around the knee are from 0
to 20 %, though are generally reported at a much lower rate (<2%), and
are most likely to involve the peroneal nerve [2, 54]. The proximity of
the nerve to the fibular head and neck is thought be the causative factor
and significantly higher in lateral CW-HTO compared to medial OWHTO [55]. Wotton et al divided the fibula in 4 zones and noted
majority of complications occurred in zone III between 8 and 15 cm
below the fibular head.
Injuries to the popliteal and anterior tibial arteries have been reported
with HTO but are rare ranging from 0.7%-1.7%. The anterior tibial
artery is more commonly injured than popliteal artery [56]. Proper
placement of retractors posterior to the tibia that is strictly on bone and
completion of the posterior portion of the osteotomy with an
osteotome adds a layer of protection against damage to the popliteal
artery and nerve [47]. For DFO, the main structures at risk are the
vastus medialis, femoral and saphenous nerves and distal geniculate
artery [57]. Flexion of the knee whilst performing a DFO may aid in
displacing the posterior neurovascular bundle further away from the
osteotomy site.
Complications Related to Implant
A variety of propriety plating systems have been designed for
osteotomies around the knee. Failure of implants is rare, but leads to loss
of correction, fracture of the tibial plateau/lateral cortical bone and
malunion. Soft tissue irritation and hardware related pain is the most
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common complication after osteotomy varying from 30-80% [8].
TomoFix rigid locking plate is the most commonly used plate followed
by Puddu plate with an overall complication rate of 29 to 40% and 30 to
55% respectively [2, 14, 34, 51, 57]. TomoFix plate being a longer plate
leads to local irritation and is reported as a major complaint and on
contrary Puddu plate being a short plate result in a low incidence of
local irritation, but has higher non-union and implant failure rates [58].
To ad d re s s t h e s e l i m i t at i o n s n e w e r p l ate s s u c h a s a l l polyetheretherketone (PEEK) plate which are low profile, bioinert and
exhibits biomechanical strength properties similar to existing plates are
being used. Recent studies have shown promising results compared to
traditional plating methods, however, further long term studies are
required [59, 60]. Implant failure can also occur, either early or late, and
relates to accumulated stresses on the plate exceeding its ability to resist
fatigue. It is most commonly associated with delayed or non-union, and
inconsequential if union has occurred. To minimise the risk,
appropriate strength fixation for the size and scope of osteotomy should
be used, and all the techniques described above to avoid delayed union
(don’t break the hinge).
TKR Challenges After HTO
TKA with previous HTO poses additional challenges compared to
primary TKA. Altered limb axis and difficult exposure may lead to
suboptimal component positioning , extensor mechanism
complications, soft-tissue imbalance and limb alignment, resulting in
poorer outcomes [61]. The presence of previous internal fixation can
pose challenges. Contradictory results have been reported on TKA
with previous HTO compared to primary TKA. In a registry-based
New Zealand study that compared survival rates and functional
outcomes between two methods, TKA with previous HTO had a
revision rate almost three times higher than that of primary TKA [62].
In contrast, another study investigating the risk of revision between
TKA with and without previous HTO using 32,476 TKAs in the
Norwegian Arthroplasty Register found that previous HTO did not
appear to increase the risk of revision after a secondary procedure with
TKA at 15-year follow-up [63].
Surgeons need to assess and plan for the potential difficulties that are
described during conversion of HTO to TKA. These include surgical
approach, anatomical deformities, ligament imbalance, and selection of
prosthesis types. Computer navigation or robotic assistance may aid
ligament balancing as well as achieving target alignment, and is
particularly useful in quantifying the changes between alignment and
joint line that have been deliberately induced by the previous
osteotomy and can make the replacement challenging. Constrained
implants should be considered if there is concern around handling the
collateral ligaments, though the majority of cases can be very
successfully performed with standard implants.

Conclusion
Osteotomy about the knee is an important tool to manage deformity,
instability and arthritis in young patients. We present an up-to-date
summary of the literature detailing the incidence and causality for the
general and specific complications related to this topic. Furthermore,
techniques based on published outcomes and person experience to
potentially avoid these complications is described.
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Abbreviations Used: High Tibial Osteotomy- HTO, Medial Closed Wedge HTO– MC-WHTO, Lateral Closed Wedge HTO– LC-WHTO,
Distal Femoral Osteotomy – DFO, Posterior Tibial Slope - PTS, Joint Line Congruency Angle - JLCA
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