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Abstract

Introduction The aim of this study was to describe the indications and technical aspects of medial closing and lateral open-
ing distal femoral osteotomy (MCDFO and LODFO) for patients with a valgus knee and to report clinical and radiological
outcomes and complications.

Methods Over 6 years, 28 DFOs (22 MCDFO, 6 LODFO) were performed in 22 Patients. In this cohort study, we retro-
spectively analyzed clinical and radiological outcome measures as well as complications.

Results The median (range) age was 47 (17-63) years, height 1.68 (1.56-1.98) m, body mass 80 (49—-105) kg, and body mass
index (BMI) 27.4 (18.6-37.0) kg/mz. The clinical follow-up was 21 (7-81) months, the need for total or unicompartmental
knee arthroplasty (TKA/UKA) and hardware removal was followed up for 59 (7-108) months postoperatively. Preoperatively,
hip-knee-ankle angle (HKA, negative values denote varus) was 7.0 (2.0-13.0)°, mechanical lateral distal femoral angle
(mLDFA) was 83.7 (79.9-88.2)°, and mechanical proximal tibial angle (MPTA) was 89.0 (86.6-94.5)°. Postoperatively,
HKA was —1.3 (—=9.0-1.2)° and mLDFA was 90.8 (87.3-97.3)°. The incidence of minor and major complications was 25%
and 14%, the incidence of delayed and nonunion was 18% and 4%, respectively. At the last follow-up, 18% of the patients
had pain at rest, 25% during activities of daily living, and 39% during physical activity, and 71% were satisfied with the
outcome. 7% of the cases received a TKA/UKA, 71% received a hardware removal.

Conclusion DFO is a reasonable treatment for lateral osteoarthritis in younger patients to avoid disease progression and the
need for an UKA/TKA. However, there is a long rehabilitation time, a considerable risk for complications, and a high need
for hardware removal. While many patients experienced symptoms at the long-term follow-up, most were satisfied with the
outcome. Appropriate patient information is essential.

Level of evidence Level IV, Case Series.

Trial registration number NCT04382118, clinicaltrials.gov, May 11, 2020.

Keywords Distal femoral osteotomy - DFO - Valgus knee - Knee osteoarthritis

Abbreviations BMI Body mass index
DFO Distal femoral osteotomy HTO High tibial osteotomy
MCDFO Medial closing distal femoral osteotomy AP Anteroposterior
LODFO Lateral opening distal femoral osteotomy HKA Hip knee ankle angle

MPTA Mechanical medial proximal tibial angle
mLDFA  Mechanical lateral distal femoral angle
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Valgus knee is defined as a lower extremity where the
mechanical axis passes laterally of the knee joint center
[16]. Valgus alignment has been shown to increase the risk
of chondral damage because of abnormal joint loading, as
well as the risk of early onset and progression of valgus
osteoarthritis of the knee [2, 7, 9, 24]. Furthermore, valgus
alignment predicts a decline in physical function in patients
with knee osteoarthritis [2, 7, 9, 24]. Consequently, differ-
ent corrective osteotomies around the knee have been used
for the correction of valgus malalignment. The incidence of
valgus alignment is lower than that of varus alignment, and
valgus-correcting osteotomies have been reported far less
in the literature than varus-correcting osteotomies [3, 22].

Valgus-correcting osteotomies can be performed both at
the femur and at the tibia. The site of the osteotomy is dic-
tated by the location of the deformity. In most valgus knees,
the deformity is located at the femur, and accordingly distal
femoral osteotomy (DFO) is the most common osteotomy
for valgus knees [7]. Two different DFOs can be performed,
namely the medial closing osteotomy (MCDFO) and the
lateral opening distal femoral valgus osteotomy (LODFO).
Both types of DFOs have been established as acceptable
surgical methods to correct valgus alignment, relieve symp-
toms and decrease disease progression in patients with val-
gus osteoarthritis [25].

MCDFO and LODFO each have technical and practi-
cal advantages and disadvantages and been propagated by
different surgeons. Three systematic reviews have failed to
detect a superiority of one method over the other [7, 13, 31].
Furthermore, results and complications vary among studies.
This is, at least partially, due to the limited amount of avail-
able literature. The reviews reported 16 to 23 studies with
the number of performed DFOs varying from 7 to 40 in each
study. To date, only three studies reported on both MCDFOs
and LODFOs. All reviews underline the need of additional
clinical data on DFOs. Therefore, the aim of this retrospec-
tive study was to describe the indications and technical
aspects of MCDFO and LODFO for patients with a valgus
knee and to report clinical and radiological outcomes as well
as complications. The primary endpoint was the clinical and
radiological outcome of DFO, and the secondary endpoint
was the need for conversion to total or unicompartmental
knee arthroplasty (TKA/UKA).
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Study design, inclusion criteria

This was a retrospective cohort study. All patients who
received a DFO in our institution between 1/2012 and
1/2018 were included in this study. Operations were per-
formed by three consultants for orthopaedic surgery. The
clinical and radiological data were collected as part of the
postoperative follow-up and extracted from patient records
for analysis.

Preoperative measurements, indications for MCDFO
and LODFO

Patients with lateral compartment osteoarthritis and valgus
knee alignment of the knee were considered for valgus-cor-
recting osteotomy. Presence of medial compartment osteo-
arthritis or inflammatory arthritis were contraindications for
a valgus-correcting osteotomy. Patients older than 65 years
were generally addressed with a partial or total knee arthro-
plasty rather than with an osteotomy. DFO or high tibial
osteotomy (HTO) or a combination of both were performed
to correct the valgus alignment according to the location of
the deformity as described below.

Anteroposterior (AP) long leg standing radiographs
were performed preoperatively and 6-8 weeks postopera-
tively. Furthermore, AP and lateral X-rays of the knee were
performed preoperatively, 6-8 weeks postoperatively and
then every 6-12 weeks until bone union was achieved. The
mechanical axis of the leg was measured according to the
Mikulicz line to define the valgus malalignment [16]. Valgus
alignment was defined as a mechanical axis crossing the
knee lateral to its center[16]. The Hip Knee Ankle Angle
(HKA, negative values denote varus, normal values —1 +3°
[5]) was calculated as a measure of the valgus malalignment.
The mechanical medial proximal tibial angle (MPTA, <90°
indicating varus, normal values 87.5 +2.0) and the mechani-
cal lateral distal femoral angle (mLDFA, <90° indicating
valgus, normal values 87.5 +2.0) were calculated in each
case [16] (Fig. 1). A symptomatic valgus knee (HKA >0°)
with a femoral based deformity (mLDFA <87.5°, MPTA in
normal range) was considered as an indication for a DFO.

Magnetic resonance imaging (MRI) of the knee was
performed preoperatively in all cases for the evaluation
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Fig. 1 Radiological measurements performed preoperatively. a The
mechanical axis of the leg (green line) is a line passing through the
center of the hip joint (center of the femoral head, red point) and the
center of the ankle joint (midpoint of tibial plafond, blue point). A
mechanical axis crossing the knee lateral to the center of the knee
joint, defines a valgus knee. b The mechanical axis of the femur (red
line) is defined as a line connecting the center of the hip joint to the
center of the knee (center of the tibial spines). The mechanical axis
of the tibia (blue line) is defined as a line connecting the center of
the knee to the center of the ankle joint. The hip knee ankle angle
(HKA, marked green, positive values indicate valgus, normal values
—143°) is defined as the ankle between the mechanical axis of the
femur and the mechanical axis of the knee. ¢ The mechanical lateral
distal femoral angle (mLDFA, <90° indicating valgus, normal values
87.5+2°) is defined as an angle between the mechanical axis of the
femur and the distal femur joint line. The medial proximal tibial angle
(MPTA, <90° indicating varus, normal values 87.5 +2°) is defined as
the ankle between the mechanical axis of the tibia and the tibial pla-
fond

of potential meniscal and chondral pathologies. Torsional
deformities of the tibia [27] and of the femur [23] were
assessed clinically and investigated with MRI and computer
tomography scans only if the clinical exam indicated patho-
logic values.

We applied a diagnostic and treatment algorithm to guide
our decision for the choice of osteotomy (Fig. 2). MCDFO
was the method of choice in absence of specific indications
for LODFO because MCDFO creates direct bone apposition
without a need for a bone graft resulting in greater construct
stability, thus allowing early weight bearing. Furthermore,

MCDFO reduces the potential risk of delayed and non-
union, and facilitates access to the medial side of the knee
in case of need of concomitant procedures [7, 8]. Specific
indications for LODFO were leg length discrepancy with
the arthritic extremity being shorter than the contralateral
side (in this case performing a MCDFO would aggravate the
leg length discrepancy), preexisting lateral approach to the
femur (e.g., in case of posttraumatic deformity with earlier
osteosynthesis of the femur performed via lateral subvastus
approach), or need to address the lateral side of the joint
(e.g., for a lateral patellofemoral release).

Surgical methods: technical considerations

The TOMOFIX® Osteotomy System (Synthes GmbH,
Oberdorf, Switzerland) was used in all but two cases (same
patient) where a PHILOS® plate system (Synthes GmbH,
Oberdorf, Switzerland) was used because of specific patient
anatomy considerations making this implant more appro-
priate. MCDFO was performed through a medial subvastus
approach, LODFO through a lateral subvastus approach.
Autologous bone graft was used in only one case of LODFO.
Correction was performed with the goal of neutral align-
ment, with an HKA of 0°. The osteotomy was performed
at the metadiaphyseal region with the goal of a hinge at the
upper border of the lateral respectively medial femoral con-
dyle to minimize the risk of an unstable hinge fracture [10,
12, 15]. Postoperatively, the patients were mobilized with
partial weight bearing of 15 kg for 6 weeks. No knee brace
was applied. Physiotherapy was initiated at the first post-
operative day, continuous passive motion and active range
of motion (ROM) exercises were included. After the first
follow up gradual increase of weight bearing was allowed.
Additional loading and return to sports was allowed when
bone union was achieved.

Outcome measures: clinical and radiological
outcome, need for hardware removal, need
for conversion to TKA/UKA, complications

Clinical outcome measures included presence of pain at
rest, during activities of daily living (ADL) and during
physical activity as well as knee ROM preoperatively and
at the latest follow-up. Patient satisfaction was assessed at
the final follow-up. The need for hardware removal and the
need for unicompartmental or total knee arthroplasty (UKA,
TKA) was assessed during the follow-up period and at the
point of data analysis through a follow-up call to maximize
the period of documentation for these critically important
outcomes. Radiological outcome measures included Kell-
gren—Lawrence (K/L) arthritis score [11], HKA, mLDFA
before and 6 weeks after the operation as well as the MPTA
preoperatively (Figs. 3, 4, 5).
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Fig. 2 Diagnostic algorithm applied. The mechanical axis of the limb
is drawn to define the valgus alignment. The HKA is measured to
define the amount of valgus present. The mLDFA and the MPTA are

Complications were documented and classified as minor
(Grade I and II) or major (Grade III-V) [26]. Briefly, com-
plications requiring no change in the routine postopera-
tive course or only necessitating a change in outpatient
management were classified as minor complications
while those requiring surgical management or affecting
long-term morbidity were classified as major complica-
tions. Accordingly, hardware failure, loss of correction,
deep infection, vessel or nerve injury, complex regional
pain syndrome, joint stiffness requiring re-operation and
non-union were classified as major complications. Super-
ficial infection, hematoma, transient nerve dysfunction or
delayed union were considered minor complications [26,
28].

Bony union was assessed separately. Since there is no
generally accepted definition for bony, delayed and nonunion
[30] a generic definition was used for this study. Bony union
was defined as a bone bridging of the osteotomy in at least
three out of four cortices in the AP and lateral X-rays with
absence of pain over the osteotomy site with palpation as
well as with weight bearing [6]. Delayed union was defined
as the absence of bone union 6 months postoperatively and
nonunion as the absence of bone union 12 months postop-
eratively. Smoking was assessed separately since it has been
associated with increased delayed and nonunion rates [17] to

@ Springer

measured to define the site of the deformity responsible for the valgus
limb alignment. In case of a femoral based deformity, a MCDFO is
performed except if specific indications for a LODFO are present

the extent that some authors consider smoking a contraindi-
cation to osteotomy [18, 25].

Results
Demographic data

Twenty-eight DFOs (22 MCDFO, six LODFO) performed
in 22 Patients (six bilateral; 17 female, five male) were
included in this study. One patient had a femoral and tibial
based deformity and received a combined MCDFO and
HTO (Fig. 5). The median (range) age was 47 (17-63) years,
height 1.68 (1.56—1.98) m, body mass 80 (49-105) kg, and
body mass index (BMI) 27.4 (18.6 -37) kg/m?. The demo-
graphic data of each group is presented in Table 1.

Indications

The indication for the DFO was a valgus osteoarthritis
in all cases. In 71% of the cases, it was a degenerative
valgus osteoarthritis and in 29% of the cases, it was a
posttraumatic valgus osteoarthritis. Out of the cases hav-
ing a valgus osteoarthritis 30% had additionally a patellar
maltracking/patellar instability. Six LODFOs (20% of the
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Fig.3 Patient receiving a
MCDFO. a Preoperative images
showing a mechanical axis
(green line) crossing the knee
lateral to its center, an HKA

of 9°, a mLDFA of 85° and a
MPTA of 90°. b Postoperative
images showing a mechanical
axis passing through the knee
center with an HKA of -1°and a
mLDFA of 91°

DFOs) were performed. The indications for the LODFO
were leg length discrepancy in two cases, the need for a
lateral approach to perform a lateral patellofemoral release
and lengthening of lateral retinaculum because of lateral
patellar compression syndrome in two cases, the need of a
lateral approach to protect a previous medial patellofemo-
ral ligament reconstruction in one case and the need to
correct a preexisting superficial scar tissue in one case.
Intraoperative fracture of the contralateral hinge occurred
in 32% (MCDFO 27%, LODFO 33%) of the cases. In 75%
of the cases, concomitant procedures were performed at
the time of the DFO. Out of these, the most common were
lateral meniscectomy in 32%, chondroplasty/microfractur-
ing in 18% and medial patellofemoral ligament reconstruc-
tion in 11%.

Clinical and radiological outcome

The median (range) clinical follow-up was 21 (7-81)
months.

Clinical outcome

At the last follow-up, 18% had pain at rest, 25% during ADL
and 39% during physical activity. The median (range) flexion
was 130° (80-140°), two knees had a flexion of 90° and one
a flexion of 80° while the rest had flexion above 100°. All
knees achieved full knee extension, four knees (two patients
bilateral) had a hyperextension of 5° 0.71% of the patients
were satisfied with the outcome. 21% of the patients received
some pain medication at the final follow-up. 93% of the

@ Springer
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Fig.4 Patient receiving a
LODFO. a Preoperative
images showing a mechanical
axis (green line) crossing the
knee lateral to its center, an
HKA of 4°, a mLDFA of 86°
and aMPTA of 89°. Note the
length leg discrepancy (LLD)
of 2 cm, leg length right 92 cm
(LLr, green line), leg length
left 94 cm (LLI, orange line)
which defined the indication
for a LODFO. b postoperative
images showing a mechanical
axis passing through the knee
center with an HKA of 1° and a
mLDFA of 88°. LLD corrected
to 0.5 cm, LLr 93.5 cm (green
line), LLI 94 cm (orange line)

st tata il |

patients had returned to work at the final follow-up, while
86% could return to the occupation they had preoperatively.

Radiological outcome
Preoperatively, the median (range) HKA was 7.0
(2.0-13.0)°, mLDFA was 83.7 (79.9-88.2)°, and MPTA

was 89.0 (86.6-94.5)°. Postoperatively, the HKA was
—1.3 (-9.0-1.2)° and mLDFA was 90.8 (87.3-97.3)°.

@ Springer

MPTA

Preoperatively, five knees had a K/L Score 1, seven knees
a K/L Score 2, 14 knees a K/L Score 3 and two knees a
K/L Score 4. At the final follow-up, 21 knees showed no
progression of the K/L Score, five knees had an increase
of one point and two an increase of two points. Out of the
seven knees showing osteoarthritis progression, three had
received a lateral partial meniscectomy at the time of DFO
(two knees showed an increase of two points and one an
increase of one point).
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Fig.5 Patient receiving a
MCDFO and HTO. a Preopera-
tive images showing a mechani-
cal axis (green line) crossing
the knee lateral to its center, an
HKA of 13°, a mLDFA of 84°
and a MPTA of 94.5°. Note that
since the deformity was femoral
and tibial based, a MCDFO

and HTO was performed. b
Postoperative images showing

a mechanical axis (green line)
crossing the knee slight medial
to its center an HKA of —2° a
mLDFA of 90° and a MPTA

of 88°

MPTA

Complications

The incidence of major and minor complications was 14%
(MCDFO 14%, LODFO 17%) and 25% (MCDFO 27%,
LODFO 17%) respectively. Each of the major complications
documented occurred once, namely, nonunion, stiffness
requiring mobilization under anesthesia, loss of correction,
popliteal nerve-vessel injury. Regarding the minor complica-
tions, one patient presented with a transient peroneal nerve
palsy, one patient with a superficial wound healing problem
and five patients with a delayed union.

Bone union

The median (range) time to achieve bone union was 6
(2-10) months (MCDFO 5.5 (2-9) months, LODFO 6
(4-10) months). The incidence of delayed union was 14%
(MCDFO 18%, LODFO no delayed union) and the incidence

of nonunion 4% (MCDFO 5%, LODFO no nonunion). The
patient with a nonunion was a smoker while none of the
patients with delayed union were smokers. Overall, there
was a 25% incidence of smoking. Four out of the five
patients having a delayed union or nonunion had an intra-
operative fracture of the contralateral hinge.

Hardware removal after DFO

Hardware removal was performed in 71% of the cases
(MCDFO 73%, LODFO 67%).

Need for joint replacement after DFO
The need for a TKA/UKA was followed up for 59 (7-108)
months postoperatively through follow up calls. 7% of the

cases received a TKA/UKA, namely, one patient received
a lateral UKA, and one a TKA. None of the patients who

@ Springer
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Table 1 Demorgraphic characteristics, incidence of smoking, delayed union, nonunion, hardware removal, minor and major complications as

well as need for joint replacement

All distal femoral osteotomies

Medial closing wedge distal femo- Lateral opening wedge
ral osteotomies distal femoral osteoto-

mies

Number of knees/patients
Sex m/f

Age (years)

Body mass (kg)

28/22
5/17

47 (17-63)
80 (49-105)

22/17
413

48 (17-63)

72 (49-105)
1.69 (1.58-1.98)
26.6 (18.6-37.0)

6/5

1/4

45 (31-61)

84.0 (80-98)
1.65 (1.56-1.78)
29.4 (27.1-34.7)

Height (m) 1.68 (1.56-1.98)
BMI (kg/m?) 27.4 (18.6-37.0)
Smoking 25%

Delayed union 14%

Nonunion 4%

Hardware removal 71%

Major complications 14%

Minor complications 25%

Need for joint replacement 7%

32% 0%
18% 0%
5% 0%
73% 67%
14% 17%
27% 17%
9% 0%

Values are given as median (range)

received a prosthesis were in the group of patients who
received a partial meniscectomy at the time of the DFO.
One patient, received a bilateral patellofemoral joint replace-
ment, this was not considered a “need for joint replacement
after DFO”, since the primary goal of DFO is not to prevent
a patellofemoral joint replacement.

Discussion

This study reports the indications as well clinical and radio-
logical outcomes and complications of DFOs performed in
our institution over a period of 6 years. The most important
finding was that—although DFO was to a large extent a suc-
cessful treatment for lateral osteoarthritis in young patients
to avoid disease progression and the need for an early UKA/
TKA—there is a long rehabilitation time, a considerable risk
for complications, and a high need for hardware removal.
Furthermore, many patients still experience some symptoms
at the final follow-up.

Indications of DFO, MCDFO and LODFO

Three systematic reviews failed to prove the superiority of
MCDFO or LODFO for correction of valgus osteoarthri-
tis [7, 13, 31]. Most surgeons choose one of the two meth-
ods, and perform the same method in all cases [7, 13, 31].
Consequently, out of 23 studies identified in the system-
atic reviews, only three reported on MCDFOQOs and LOD-
FOs, while the others performed the same method (either
MCDFO or LODFO) in all patients [7, 13, 31].

@ Springer

However, we believe that no single method serves all
patients, and hence both methods are applicable with
appropriate patient selection. The advantages of MCDFO
include the direct bone opposition without bone graft with
the potential of reducing delayed and nonunion and allow-
ing earlier weight bearing. Therefore, MCDFO could be
more appropriate for patients who have increased risk
of impaired bone healing (e.g., smokers) as well as for
patients who have difficulties to partially bear weight.
However, MCDFO is not appropriate for patients with
a leg length discrepancy, where the arthritic extremity
is shorter than the contralateral side and does not allow
direct access to the lateral side of the knee. The algorithm
illustrated in Fig. 2 represents a way of approaching the
treatment of valgus knees using both MCDFOs and LOD-
FOs in the appropriate patient groups. It must be consid-
ered that no algorithm can cover all cases, and the choice
of MCDFO or LODFO for a specific patient ultimately
remains a surgeon's decision. Some patients may have
characteristics qualifying for both LODFO and MCDFO.
For instance, a patient might have preexisting lateral
approach—theoretically dictating an LODFO—and a leg
length discrepancy, with the operated leg being longer,
which according to the algorithm would be an indication
for a MCDFO. Furthermore, patients might present with
symptomatic valgus osteoarthritis with mLDFA or HKA
values marginally in the normal range, and therefore theo-
retically not qualifying for a DFO according to the algo-
rithm. In such cases, it remains the surgeon's responsibility
to consider the indication for a DFO and carefully weigh
all factors pointing to each method.
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The data of this study and the study design were not suf-
ficient for comparing the outcomes of MCDFO and LODFO.
Nevertheless, regarding the main points of consideration
concerning DFO techniques—namely, complications, bone
union and hardware removal rates—the two techniques had
very similar results.

Clinical outcome: setting realistic expectations

In the present study, 71% of patients receiving a DFO were
satisfied with the outcome. However at the final follow-up,
25% of patients had pain during ADL and 39% during physi-
cal activity, and 21% still received some pain medication.
This result indicates that—although DFO is a reasonable
treatment with roughly two thirds of the patients being
satisfied with the result—a completely pain free situation
cannot be guaranteed and some pain may still be present
mid- to long term. Patient education, setting realistic goals
and expectations is essential for improving patient satis-
faction. Recent literature supports these findings. Rensing
et al. reported 58% of military personnel receiving a DFO
never returning to duty [21]. A systematic review by Kha-
lik et al. [1] reported an 81.8% rate of return to work and
72.8% return to preoperative working activity level after
DFO. These data are likely an optimistic estimation of the
overall DFO outcomes because results of only a fraction of
the DFOs performed worldwide are published, originating
mostly from specialized high-volume centers.

Radiological outcome

In this cohort study we aimed at correcting the alignment
to neutral. This is the goal alignment for almost all studies
reporting on DFO [19] to avoid overloading of the medial
compartment, even though biomechanical studies have
suggested that slight overcorrection to varus could be ben-
eficial regarding joint pressure in the lateral compartment
[20]. Our radiological results are similar to those reported
in previous studies and indicate that DFO is a very reliable
method for correcting valgus malalignment as measured in
long leg standing radiographs. The limb axis was consist-
ently corrected to neutral with only one case of secondary
loss of correction. However, as described above, the suc-
cess of the operation regarding the radiological correc-
tion of the alignment does not necessarily correlate with
a satisfying clinical outcome. The relative high incidence
of fracture of the contralateral hinge intraoperatively in
our study —slight lower than the literature- (in our study:
MCDFO 27%, LODFO 33%; in the literature MCDFO
48%, LODFO 39% [29]) does not seem to cause a loss of
correction postoperatively. Recent literature has suggested

that fracture of the contralateral hinge increases the risk
of delayed union or nonunion [14]. In our study, while
statistical analysis was not possible, four of five cases pre-
senting with delayed and nonunion had a fracture of the
contralateral hinge.

Complications and need for hardware removal

Generally, the reported incidence of complications in
the available reviews ranged from 9% to 33% [7, 13, 31].
In our case series, we chose to report minor and major
complications separately and found an incidence of major
complications of 14% and of minor complications of 25%.
This incidence of complications indicates that DFOs are
far from risk free. Therefore, it is essential that the sur-
geon anticipates possible complications, closely follows
the patient, initiates early treatment when needed, and
informs the patient of the relative high chance of devia-
tion from the normal postoperative course.

The mean time to bone union reported in the litera-
ture is around 4 months for MCDFO and 3-6 months for
LCDFO [13]. Furthermore, the reported prevalence of
delayed union is around 4% for MCDFO and around 6%
for LCDFO [31]. However, there is a lack of a generally
accepted definition for bone union, delayed and nonunion
[30]. Above all, delayed union is mostly vaguely defined
as failure of bone union in a reasonable time frame making
comparison of different reports impossible. Interestingly,
the available reviews on DFOs do not provide a defini-
tion of delayed union or nonunion. In our series we found
a median bone union time of 6 months, an incidence of
delayed union of 14% and an incidence of nonunion of 4%.
Our results for nonunions are comparable to those of the
literature, and the discrepancy in delayed union incidence
might be due to the definition of bone union applied. In
this study, we used clinical (lack of pain at the sight of the
osteotomy) in addition to radiological criteria as definition
of bone union. The use of clinical criteria is in our opinion
appropriate since in MCDFOs commonly the osteotomy
gap can hardly be recognized in radiographs directly post-
operatively and therefore solely relying on “bony bridg-
ing” of the osteotomy to define union seems inappropriate.

The rate of hardware removal in our study was sub-
stantially higher than that reported in the literature (71%
vs around 30%) [7, 13, 31]. This is interesting especially
because most DFOs in our study were MCDFOs, which
are considered to have a lower need for hardware removal
since there is no friction between the plate and the ilioti-
bial tract. A possible explanation for our high rate of hard-
ware removal is the health care system in which the current
study was performed that reimburses hardware removal
operations even for minor hardware-related complaints.
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Survivorship: conversion to TKA/UKA

Survivorship of DFOs and the possibility to prevent or post-
pone the need of joint replacement is the major outcome
of interest for surgeons and patients. The survival rate in
our study was 93% at 59 months after the DFO. This is in
accordance with the literature suggesting survival rates from
80% to 90% at 4-5 years after the operation [7, 13, 31].
This underlines that DFO is a successful operation for its
main purpose, which is important because TKAs in young
active patients has been shown to have poor survivorship and
therefore the orthopaedic community is in need of a viable
alternative for this patient population [4].

Strengths and limitations

Strengths of this study include the clear indications for each
technique and the consistent clinical and radiological docu-
mentation. The study is limited by the relatively small sam-
ple size, the retrospective design, the heterogeneity of the
patients, and the lack of control group. Furthermore, there
were no specific ROMs or clinical tests used. However, rand-
omization between the MCDFO and LODFO is not possible
because—in our opinion—each technique is appropriate for
different patient groups. Furthermore, DFOs are not com-
mon even in specialized centers and it would be unrealistic
to expect a controlled study with a large sample size on this
topic in the near future.

Conclusion

DFO is a reasonable treatment for lateral osteoarthritis in
young patients to avoid disease progression and the need
for an early UKA/TKA. However, there is a long rehabil-
itation time, a considerable risk for complications, and a
high need for hardware removal. While a great part of the
patients experienced symptoms at the long-term follow-up,
most were satisfied with the result of the operation. Appro-
priate patient information is essential. Although statistical
analysis identifying specific factors leading to complications
was not possible in this study, it is worth noting that 80% of
the cases with delayed and non-union had a fracture of the
contralateral hinge.
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