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Introduction: A double level osteotomy (DLO) may be indicated in patients with genu varum when the
deformity involves both the tibia and femur. These patients, who are often young and active, have a high
functional demand and hope for a rapid return to sport. The purpose of our study was to assess return to
sport and functional outcomes following DLO for symptomatic genu varum.
Materials and methods: A total of 40 patients (mean age 45.5 ± 2 years) who underwent a DLO between
2018 and 2020, performed in 2 different hospitals, were reviewed after a minimum follow-up of 1-year.
The mean initial varus was 11 ± 2◦. The type of sport and frequency of participation (UCLA activity score)
as well as time to return to sport and level of activity recovered were defined as the primary endpoints.
Functional scores were also assessed with the knee injury and osteoarthritis outcome score (KOOS).
Results: At the last follow-up, 87.5% (n = 35) of patients reported that they had returned to sport. The
mean time to return to sport was 6 ± 1 months with a significant difference (p < 0.001) between the
pre- and postoperative UCLA activity scores. There was a strong correlation between the presence of a
joint line obliquity >3◦ and decreased functional outcomes (p < 0.0001). The overall KOOS score improved
(p < 0.001) by a mean of 38.6 points after the correction. The 8 lateral cortical fractures (Takeuchi type I

and II) and the 2 medial cortical fractures (Nakayama type 1) that were found had no impact on functional
outcomes (p > 0.05).
Conclusion: Our findings demonstrated that DLO provided rapid return to sport, thus making it possible
to meet the functional demands and expectations of patients.
Level of evidence: IV; Retrospective study.
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1. Introduction

Osteotomies around the knee remain the preferred surgical
treatment for early-onset medial compartment osteoarthritis (OA)
in young individuals [1]. For these patients, pain relief is important,
but being able to return to their sports and recreational activities
is even more vital [2]. Therefore, this treatment must meet the

postoperative expectations and demands of these young and active
patients.
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Several studies on postoperative outcomes in patients who
nderwent a valgus high tibial osteotomy (HTO), reported return
o sport and work rates of 85% [2,3]. However, few studies
ave reported the outcomes of other osteotomies around the
nee, especially those that combine medial opening wedge high
ibial osteotomy (MOWHTO) and closing wedge distal femoral
steotomy (CWDFO) to treat medial compartment OA in genu
arum.

The purpose of our study was to assess time to return to sport
nd level of activity recovered following a double level osteotomy

DLO) for medial compartment OA in young patients. Our hypoth-
sis was that DLOs allow a rapid return to sport at the same level
f activity as before the onset of symptoms.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.otsr.2022.103397&domain=pdf
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2. Materials and methods

2.1. Patients

This two-center retrospective study included all patients who
underwent a DLO, between January 2018 and January 2020, for
symptomatic medial compartment OA with constitutional genu
varum. Patients were either operated on by Professor MO at the
Sainte-Marguerite Hospital in Marseille (France) or by Doctor LH at
the Maximilium Orthopädie Hospital in Donauwörth (Germany).

The indications for DLO were:

• isolated primary medial compartment OA (Ahlbäck grade ≤ 3 [4])
with preserved lateral and patellofemoral compartments;

• constitutional varus bone deformity involving both the tibia and
femur were defined as a hip-knee-ankle angle (HKA) < 178◦, a
mechanical medial proximal tibial angle (mMPTA) < 87◦ and a
mechanical lateral distal femoral angle (mLDFA) > 90◦;

• knee stability in both the sagittal and frontal planes;
• failure of a well-conducted conservative treatment.

The exclusion criteria were:

• previous surgery on the affected knee;
• OA secondary to an injury or inflammatory rheumatism;
• isolated primary medial compartment OA (Ahlbäck grade > 3).
• obesity defined by a body mass index (BMI) ≥ 30 kg/m2;
• minimum follow-up < 12 months.

2.2. Surgical technique

The desired correction was calculated by the surgeon using
standard X-rays (full length standing X-ray in the anteroposterior
[AP] view and weight-bearing knee X-rays in AP and lateral views)
according to the Miniaci method [5].

Both surgeons performed the procedure previously described
by Ollivier et al. [6], which combined CWDFO and MOWHTO. All
osteotomies were stabilized with the same locking plate and screw
system (Newclip Technics, Haute-Goulaine, France). The target
angles were a HKA = 181◦ and mLDFA = mMPTA = 87◦ (Fig. 1).

The same intra-operative and postoperative protocols were
used in both groups, including full weight-bearing as tolerated
starting 3 weeks after surgery and heparin thromboprophylaxis for
30 days. A knee extension brace was worn for about one week after
the procedure to protect the surgical site (mean recovery time for
muscle activation).

2.3. Clinical assessment and return to sport

A patient questionnaire was sent to collect the following data:

• demographic parameters: medical history, age, weight, height,
sex, side operated and occupation;

• type of sport, intensity of training, activity level before and after
the onset of symptoms, as well as during the different postoper-
ative follow-up visits, indicating the time to return to sport and
level of activity recovered. The University of California and Los
Angeles (UCLA) activity score was used to define the type of sport
and frequency of participation. Before the onset of symptoms, all
patients regularly practiced a sport with a UCLA activity score > 6

and 12.5% of them participated in a high-impact sport (downhill
skiing, tennis/squash, jogging, soccer/football and martial arts).
All of these patients were proficient in the sport they practiced in
their free time and none of them were professional athletes;
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clinical assessment was based on the knee injury and osteoarthri-
tis outcome score (KOOS) which was performed during each visit;
level of patient satisfaction after the procedure and at the last
follow-up: disappointed, not satisfied, moderately satisfied, sat-
isfied, very satisfied and enthusiastic.

The recorded intra-operative complications included:

lateral cortical fractures (tibia) according to the Takeuchi classi-
fication [7] (type I: extension of the osteotomy line just proximal
to the tibiofibular joint; type II: secondary fracture line on the
distal part of the proximal tibiofibular joint; and type III: lateral
tibial plateau fracture);
medial cortical fractures (femur) according to the Nakayama
classification [8] (type 1: fracture involves an extension of the
osteotomy line; type 2: fracture extending proximally; type 3:
fracture extending distally).

.4. Radiographic assessment

The radiographic assessment included weight-bearing knee X-
ays (AP and lateral views), as well as pre- and postoperative full
ength standing X-rays (AP view) taken at the last follow-up with
he calculation of the following mechanical angles: overall HKA,

LDFA, mMPTA, joint line obliquity (JLO) and joint line conver-
ence angle (JLCA).

Most of these patients had either an Ahlbäck grade 1, 2 or 3 OA.
owever, 2 patients with an Ahlbäck grade 0 OA were also treated
ecause of their young age, significant overall varus and persistent
ost-meniscectomy syndrome. Moreover, cartilage lesions were
isible on their magnetic resonance imaging (MRI).

.5. Statistical analysis

Patient demographics, functional scores, return to sport
nd the radiographic findings were expressed as mean or
edian ± standard deviation for continuous quantitative variables.
Kolmogorov-Smirnov test was used to verify that the quantita-

ive variables were normally distributed, thus enabling the internal
alidation of the statistical tests.

A t test was used to compare normally distributed quantitative
ariables, whereas a Wilcoxon rank sum test was used to compare
on-normally distributed quantitative variables.

The correlation analysis between clinical and radiographic find-
ngs was studied using a simple linear regression with estimated
orrelation coefficients. All statistical tests were two-tailed. p-
alues less than 0.05 were considered statistically significant to
onfirm whether a type I error occurred while testing the hypothe-
es. All statistical analyses were performed using version 18 of the
PSS software (SPSS Inc., Chicago, IL, USA).

. Results

.1. Return to sport

A total of 45 patients were enrolled in this series, with 5 lost
o follow-up at the time of the review. Thirty-five patients (87.5%)
eported that they had returned to sport at the last follow-up. The
ean time to return to sport was 6 months (5.15–6.85). There
as a significant difference between post- and preoperative UCLA
ctivity scores (p < 0.0001). Thirty-two patients had a UCLA activ-
ty score > 6, with 25% practicing a high-impact sport after surgery.
ive patients (12.5%) did not return to their previous level of activ-
ty. Thirty-seven patients (92.5%) were able to return to work. The



DL) Function, sport and recreational function, Quality of Life (QOL), Total KOOS.

Table 1
Cohort presentation.

Parameters DLO Group

Mean age (years) 45.5 (43.1–47.9)
Mean BMI (kg/m2) 25.8
Sex, Male (%) 34 (85)
Side, Left (%) 23 (57.5)
Ahlbäck Classification, n (%)

0 2 (5)
1 15 (42.5)
2 10 (25)
3 13 (32.5)

UCLA activity score before symptoms, n (%)
7 4 (10)
8 31 (75.5)
9 5 (12.5)

UCLA activity score preoperatively, n (%)
3 1 (2.5)
4 9 (22.5)
5 22 (55)
6 5 (12.5)
8 3 (7.5)

DLO: double level osteotomy; UCLA: University of California and Los Angeles.

o
a

Fig. 2. Pre- and postoperative Symptoms, Pain, Activities of Daily Living (A

mean time to return to work was also 6 months (5.2–6.8), which
was concomitant with the return to sport.

3.2. Demographics (Table 1)

The mean follow-up was 24 months (22–27). The series con-
sisted of mainly male patients (85%), with a mean age of 45.5 years
(43.1–47.1). The mean BMI was 25.8 ± 5.5 kg/m2. The UCLA activ-
ity score deteriorated with the onset of symptoms (p = 0.03), with
more than half of the patients (55.5%) having a UCLA activity score
<5.

3.3. Functional scores

There were significant improvements in all KOOS subcategories
after surgery (p < 0.0001) (Fig. 2). The KOOS “function in sport and
recreation” subscore increased by a mean of 38.6 points (30.8–46.3)
after DLO (p < 0.0001).

The multiple linear regression showed no significant correlation
between symptom severity and age, BMI, sex, side operated and
initial stage of OA (p > 0.05).

There was a strong statistical correlation between the functional
outcomes and the JLO (p < 0.001). A JLO angle >3◦ resulted in poorer
functional outcomes, with a more difficult return to sport. No cor-
relation was found with the other calculated angles (HKA, mMPTA
and mLDFA).
3.4. Radiographic assessment

The mean overall varus before correction was 11◦ (HKA = 169◦

[168.7–170.5]). The mean preoperative tibial varus was an mMPTA
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f 83.9◦ (79–88.4) and the mean preoperative femoral varus was
n mLDFA of 92.5◦ (90–101).

Our postoperative measurements showed that the limb align-
ent was restored with a mean HKA of 182◦ (178–184), a mean
LDFA of 86.4 ± 1.4◦, and a mean mMPTA of 90.7 ± 2◦. The mean JLO
as 2.7◦ (2.3–3.2) preoperatively and 2.8◦ (2.5–3.4) postoperatively
Table 2).
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Fig. 1. A 40 year-old male with symptomatic genu varum. Full length standing X-ra
mMPTA = 83◦ . B. HKA = 181◦; mLDFA = 85.1◦; mMPTA = 87.2◦ .

3.5. Complications

Weight-bearing was deferred to 6 weeks postoperatively for the
8 lateral cortical fractures (Takeuschi type I and II) and the 2 medial
cortical fractures (Nayekama type 1). A CT scan performed dur-
ing the follow-up visit checked whether the fracture had healed
properly so as to allow the resumption of weight-bearing on the
operated limb. There did not appear to be any correlation between
the presence of a cortical fracture and return to sport (p > 0.05).

Eight other complications were recorded: 1 osteolysis of the
bone graft, 2 postoperative hematomas and 3 scar dehiscences. All
these complications were unremarkable at the last follow-up. The
hematomas and scar dehiscences did not require revision surgery
because patients had a good degree of tolerance and responded
well to the conservative treatment.
Finally, 15 patients (37.5%) had to have their bone plates
removed because of discomfort caused by the hardware around
1 year after surgery. The option to remove these plates was not

m
N
e
e

the AP view before (A) and after (B) corrective DLO. A. HKA = 172◦; mLDFA = 92.5◦;

ystematically proposed and was only performed upon patient
equest. There was also no correlation between hardware removal
nd return to sport (p > 0.005).

. Discussion

The primary purpose of this study was to assess return to sport
fter double level knee osteotomies in young and active patients.
ur findings showed that 87.5% of patients were able to return

o sport with their functional demands and expectations satisfied
fter a DLO. On average, patients returned to sport less than 1 year
fter surgery, with the vast majority being very satisfied.

The patient’s functional demand and willingness to return to
port should enable surgeons to choose the best indication for the

anagement of early-onset OA in young individuals. The study by
oble et al. [9] on total knee arthroplasties and the study by Saier
t al. [10] on valgus HTOs, both showed that patient expectations
xpressed during the initial consultation were a key factor for the



Table 2
Pre- and postoperative mean radiographic measurements.

Preoperative Postoperative

HKA 169.6 (168.7–170.5) 182 (181.4–182.2)
mLDFA 92.5 (91.8–93.2) 86.4 (85.9–86.8)
mMPTA 83.9 (83.2–84.7) 90.8 (90.1–91.4)
JLCA 3.3 (2.9–3.8) 1.7 (1.3–2)
JLO 2.7 (2.3–3.2) 2.8 (2.5–3.4)
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HKA: hip-knee-ankle angle; mLDFA: mechanical lateral distal femoral angle;
mMPTA: mechanical medial proximal tibial angle; JLCA: joint line convergence
angle; JLO: joint line obliquity.

success of these procedures. Over the past 2 decades, osteotomies
have made a comeback in the surgeon’s OA armamentarium, thanks
to a better understanding of indications and planning and the
development of recent innovations facilitating its execution. The
aim of double level osteotomies of the knee is to correct limb
deformity by obtaining angles close to normal with a horizontal
joint line [11]. Feucht et al. [12] studied 303 full-leg X-rays of
patients with varus malalignment and reported that 4% of these
patients had deformities involving both the tibia and femur. In
these cases, combined osteotomies need to be performed to correct
both the femoral and tibial deformities. The indication is therefore
for femoral (mLDFA) and tibial (mMPTA) angles > 3◦ of the nor-
mal values [13]. Therefore, a DLO should be considered for varus
deformities when mLDFA < 87◦ and mMPTA > 90◦ [14].

Return to sport and functional outcomes have been well docu-
mented in the literature on valgus HTOs [2,3,15,16]. Ekhtiari et al.
[2] showed in their literature review that on average 87.2% of
patients returned to sport within 1 year of the valgus HTO, with
78.6% of them returning to a level of activity that was the same
as before the onset of symptoms. The meta-analysis conducted by
Hoorntje [3], comparing outcomes after osteotomies performed
around the knee, reported that 94% of patients returned to sport
with 85% of them returning to their previous level of activity. A
recent study [17] confirmed the possibility of a faster return to
sport and even a return to high-impact sports with valgus HTOs
compared to unicompartmental knee arthroplasties in medial com-
partment OA at the 2-year follow-up.

To our knowledge, no studies in the literature have yet examined
return to sport and recreation following a DLO. This is therefore the
first study to do so, with 40 cases of genu varum managed by DLO in
patients who regularly practiced a sport before the onset of symp-
toms. Our findings confirmed similar results to those previously
reported for more commonly used osteotomies.

Several studies [14,18–20] have shown significant functional
impacts when the JLO was ≥ 4◦. These findings seem to confirm that
JLO is an unfavorable factor in the return to sport due to poorer func-
tional outcomes. A postoperative JLO angle > 3◦ was significantly
correlated with poorer functional outcomes and a later return to
sport that was not at the same level.

It is therefore important to check the changes in JLO and JLCA
angles after correction when planning a corrective osteotomy
preoperatively [21]. Saragaglia et al. [22–28] already reported in
numerous publications, the importance of using computer-assisted
navigation systems to obtain the desired correction angles so as to
guarantee functional outcomes. According to the study by Micicoi
et al. [29], the planned anatomical angles were obtained in less than
half the cases after corrective osteotomies to correct the mechani-
cal axis, with the persistence of a bone deformity. The development
of patient-specific cutting guides would make it even easier for
surgeons to obtain the desired correction [30–32]. However, the

optimal angles for lower limb alignment have yet to be defined.

The overall incidence of hinge fractures in this series was 20%: 8
lateral cortical fractures and 2 medial cortical fractures. These were
mainly Takeuchi type I fractures. Takeuchi et al. [7], who developed
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new classification system for lateral cortical fractures, reported
hat they occurred in 25% of the 104 valgus HTOs they studied. The
ncidence of medial cortical fractures in femoral osteotomies varied
etween 18% and 50% depending on the series [33–37]. Ollivier et al.
6] proposed using a so-called protective pin, which was positioned
efore the osteotomy, to prevent the propagation of the osteotomy

ine into the medial cortex of the femur. The occurrence of this
omplication was not correlated with a worse outcome in any of
hese series.

This study had several limitations. For instance, the retro-
pective nature of this study yielded low statistical power. The
hort follow-up period prevented us from concluding on long-
erm maintenance of good functional outcomes and return to
port. Furthermore, the small sample size, in comparison to
eries studying the outcomes of valgus HTOs, compelled us to
xpress some reservations about the significance of our findings
ven though the statistical trends were in line with those previ-
usly reported. It is also important to consider the preoperative
orkup when measuring angles. Our initial radiographic assess-
ent was based on full length standing X-rays in the AP view.
owever, the angle measurements on these types of X-rays may
ary according to the rotation of the hip or the leg, or if there
re lower limb deviations in the sagittal plane (flexion defor-
ity or recurvatum) [38,39]. Other imaging (EOS, CT scan, MRI)

nd/or surgical techniques (navigation and computer-assisted nav-
gation) should be taken into account to ensure more accurate

easurements [40,41].

. Conclusion

The results of our study demonstrated a rapid return to sport,
ith good functional outcomes, after DLOs were performed in

oung patients with symptomatic genu varum and high functional
emands. It adds to the armamentarium available to surgeons
reating this disorder. Postoperative outcomes are more success-
ul if patients are informed and aware of the recovery process and
f their initial expectations are met.
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