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Aims

Distal femoral osteotomies (DFOs) are commonly used for the correction of valgus deformities
and lateral compartment osteoarthritis. However, the impact of a DFO on subsequent total knee
arthroplasty (TKA) function remains a subject of debate. Therefore, the purpose of this study was
to determine the effect of a unilateral DFO on subsequent TKA function in patients with bilateral
TKAs, using the contralateral knee as a self-matched control group.

Methods

The inclusion criteria consisted of patients who underwent simultaneous or staged bilateral
TKA after prior unilateral DFO between 1972 and 2023. The type of osteotomy performed,
osteotomy hardware fixation, implanted TKA components, and revision rates were recorded.
Postoperative outcomes including the Forgotten Joint Score-12 (FJS-12), Tegner Activity Scale
score, and subjective knee preference were also obtained at final follow-up.

Results

A total of 21 patients underwent bilateral TKA following unilateral DFO and were followed
for a mean of 31.5 years (SD 11.1; 20.2 to 74.2) after DFO. The mean time from DFO to TKA
conversion was 13.1 years (SD 9.7) with 13 (61.9%) of DFO knees converting to TKA more than
ten years after DFO. There was no difference in arthroplasty implant systems employed in both
the DFO-TKA and TKA-only knees (p > 0.999). At final follow-up, the mean FJS-12 of the DFO-TKA
knee was 62.7 (SD 36.6), while for the TKA-only knee it was 65.6 (SD 34.7) (p = 0.328). In all, 80%
of patients had no subjective knee preference or preferred their DFO-TKA knee. Three DFO-TKA
knees and two TKA-only knees underwent subsequent revision following index arthroplasty at a
mean of 12.8 years (SD 6.9) and 8.5 years (SD 3.8), respectively (p > 0.999).

Conclusion

In this self-matched study, DFOs did not affect subsequent TKA function as clinical outcomes,
subjective knee preference, and revision rates were similar in both the DFO-TKA and TKA-only
knees at mean 32-year follow-up.

Take home message « These findings are clinically relevant in that

- Patients undergoing distal femoral they support distal femoral osteotomy for
osteotomy followed by eventual total knee the treatment of knee malalignment
arthroplasty may expect similar clinical without compromising future arthroplasty
outcomes, subjective knee preference, and clinical outcome.

revision rates to primary knee arthroplasty
without prior osteotomy.
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Introduction

Limb mechanical malalignment significantly impacts the
distribution of loading forces on cartilage and subchondral
bone within the knee, potentially exacerbating the progres-
sion of unilateral osteoarthritis in the setting of coronal
deformity. In younger patients, unicompartmental osteoar-
thritis can pose a challenging problem as treatment with
total knee arthroplasty (TKA) has been shown to result in
inferior outcomes and increased rates of complications and
revisions.'? Osteotomies performed around the knee help to
address these issues and play a pivotal role in redistributing
compartmental loads. These not only provide pain relief but
also hold the potential to delay or even avoid the need for a
TKA?*

Distal femoral osteotomies (DFOs) are typically used
for correction of valgus deformities to offload the lateral
compartment of the knee.>® Prior studies have demonstrated
long-term joint preservation and favourable clinical outcomes
after DFO.”® Although DFOs are joint-preserving techniques,
many patients are expected to progress in terms of degen-
erative disease and ultimately undergo TKA. For example,
Sternheim et al’ reported a 90% survival rate at ten years
post-DFO, while at 20 years this decreased to 22%. Therefore,
it is important to carefully weigh the advantages of joint-pre-
serving techniques, such as a DFO, against their potential
implications on the outcomes of subsequent procedures.

To date, there have been few studies reporting
outcomes of TKA after prior DFO. Most studies have a limited
number of patients without control groups.”'? Therefore,
the purpose of this study was to determine the effect of a
unilateral DFO on subsequent TKA function in patients with
bilateral TKAs, using the contralateral knee as a self-matched
control group. We hypothesized that patients would demon-
strate similar outcomes, implants used, and revision rates
when comparing patients’ DFO-TKA knee with their contrala-
teral TKA-only knee.

Methods

All patients who underwent TKA at a single academic
institution from 1972 to 2023 were reviewed following
approval from our Institutional Review Board (Mayo Clinic
IRB #15-000601). Inclusion criteria consisted of patients who
underwent simultaneous or staged bilateral TKA after prior
unilateral DFO. A total of 21 patients were included in this
study (Figure 1). Two patients were excluded due to incom-
plete medical records, resulting in an overall follow-up rate of
91.3% (21/23).

Clinical and demographic data were obtained from
the Mayo Clinic Total Joint Registry.” This registry prospec-
tively records demographics, operative data, and postopera-
tive complications.” Patients underwent DFO from 1946 to
2001 with 85.7% (18/21) being performed at Mayo Clinic
and 14.3% (3/21) being performed at outside institutions.
All primary DFO-TKAs were performed at the Mayo Clinic
from 1990 to 2010. Overall, 78% (19/21) of the TKAs without
prior osteotomy were performed at the Mayo Clinic from
1976 to 2017, while 9.5% (2/21) were performed at outside
institutions during 1996 and 2003. The type of osteotomy
performed (opening- vs closing-wedge), osteotomy hardware
fixation (plate and screws vs staples), when and if osteotomy
hardware was removed, implanted TKA components (presence
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of femoral and tibial stems, implant constraint, polyethylene
thickness), and revision rates were recorded. Postoperative
outcomes including Forgotten Joint Score-12 (FJS-12)," Tegner
Activity Scale score,”” and subjective knee preference were
also obtained. Subjective knee preference was acquired by
asking, “Which knee would you consider to be the better
knee?”

Statistical analysis

Data were extracted with continuous variables being reported
as mean (SD), while categorical variables were reported
as frequencies with percentages. Median values were also
reported for time from DFO to DFO-TKA, DFO-TKA to final
follow-up, TKA-only to final follow-up, and DFO to final
follow-up. Differences between continuous variables were
evaluated using a paired t-test. Differences between cate-
gorical variables were evaluated using a y¥* (chi-squared
test) test. A post-hoc power analysis was performed using
G*Power version 3.1 (Heinrich-Heine-Universtat, Germany)."
The achieved power was 0.829 and 0.901 for detecting a
statistical difference with an effect size of 0.55 when using
a paired t-test and chi-squared test, respectively. Kaplan-Meier
curves were used to evaluate the probability of survival from
DFO to TKA and from TKA to revision surgery. All data were
analyzed using R statistical software v. 4.3.1 (R Foundation for
Statistical Computing, Austria). A p-value < 0.05 was consid-
ered statistically significant.

Results
The overall mean follow-up of the study (initial DFO to final
follow-up) was 31.5 years (SD 11.1) (median 29.7 years; IQR
26.6 to 32.6) (Figure 2). The mean age at the time of DFO
was 47.8 years (SD 8.7), with 52.4% of patients (11/21) being
female. All DFOs were performed for correction of valgus
deformity. Medial closing-wedge osteotomies were performed
a majority of the time (71.4%, 15/21) in comparison to lateral
opening-wedge osteotomies (28.6%, 6/21). Plate and screws
were most commonly used for DFO fixation (85.7%, 18/21)
while staples were used only 14.3% (3/21) of the time (Table I).
Excluding hardware removal, no patients underwent revision
after DFO.

The mean time from DFO to TKA conversion was 13.1
years (SD 9.7) (median 14.5 years, IQR 8.6 to 15.6), with 13/21
patients (61.9%) of patients converting to TKA more than ten
years after DFO (Figure 3). Patients had similar age at the time
of their bilateral arthroplasties, with a mean age of 58.9 years
(SD 9.7) at the time of DFO-TKA and 60.4 years (SD 8.4) for the
contralateral TKA-only side (p = 0.287). A total of four of 21
patients (19%) underwent simultaneous bilateral TKA. Overall,
five of 21 patients (24%) did not undergo hardware removal,
while three (14.3%) underwent hardware removal prior to TKA.
Furthermore, ten of 21 patients (48%) had their DFO hardware
completely removed at the time of TKA, while three (14.3%)
had partial removal of hardware at the time of TKA. In all,
five of 21 patients (24%) with DFO-TKA knees had stemmed
femoral components in comparison to two of 21 patients
(9.5%) for the TKA-only knee (p = 0.408, chi-squared test).
Overall, two of 21 patients (10%) with DFO-TKA knees had a
stemmed tibial component, while no TKA-only knees had a
stemmed tibial component (p = 0.469). In addition, 20 of the
21 DFO-TKA knees (95%) and all the TKA-only knees employed

Bone & Joint Open  Volume 5, No. 11 November 2024



posterior-stabilized implant systems (p > 0.999, chi-squared
test). The mean polyethylene insert for DFO-TKA knees was
13.5 mm (SD 3.9), while for TKA-only knees it was 11.9 mm (SD
2.8) (p = 0.032, paired t-test) (Table II).

The mean follow-up after DFO-TKA was 18.5 years
(SD 6.6) (median 19.1 years, IQR 15.8 to 22.5), while the
mean follow-up after the contralateral TKA was 16.8 years (SD
6.0) (median 17.9 years, IQR 13.7 to 20.7). Six patients were
deceased at the time of final follow-up. Postoperative outcome
scores were obtained from the remaining 15 patients who
were eligible for follow-up. The mean FJS-12 of the DFO-TKA
knee was 62.7 (SD 36.6), while for the TKA-only knee it was
65.6 (SD 34.7) (p = 0.328, paired t-test). The mean Tegner
Activity Scale score was 2.8 (SD 1.5). Ten patients (66.7%)
had no subjective knee preference and rated both knees as
being the same in terms of pain and function, two (13.3%)
preferred their DFO-TKA knee, and three (20.0%) preferred
their TKA-only knee. Three DFO-TKA knees (14.3%) under-
went subsequent revision after their primary TKA: one for
mid-flexion instability at 6.9 years during which the patient
was also converted to a varus-valgus constraint insert, one
for polyethylene wear and femoral periarticular osteolysis
at 224 years, and one for patellar component loosening
at nine years. Two TKA-only knees (9.5%) underwent subse-
quent revision: one for aseptic tibial component loosening at
4.7 years and the other for polyethylene wear at 12.2 years.
There was no significant difference in revision rates between
the DFO-TKA and TKA-only knees (p > 0.999) (Figure 4).

Discussion

This self-matched cohort study followed patients who
underwent unilateral DFO and subsequently bilateral TKA at
a mean overall follow-up of 31.5 years. The main findings were
that DFO effectively delayed conversion to TKA at a mean
of 13.1 years. Additionally, prior DFO did not affect postop-
erative TKA outcomes as both the DFO-TKA and TKA-only
knees had comparable FJS-12 scores (p = 0.328), and 80.0% of
patients either had no subjective knee preference or preferred
their DFO-TKA knee. Similarly, there was no difference in the
revision rates of both the DFO-TKA and TKA-only knees (p >
0.999).

Previous studies have similarly demonstrated favoura-
ble clinical outcomes and long-term success of DFO in joint
preservation. For example, Sternheim et al’ and Shivji et
al’ demonstrated a ten-year survival rate after DFO of 90%
and 89%, respectively. A separate study showed significant
preoperative to postoperative improvements across multiple
outcome scores after DFO with no patients undergoing
TKA conversion at a mean follow-up of 7.1 years (2 to
14.2)." Notably, no significant difference in outcomes or TKA
conversion were seen based on surgical technique (open-
ing- vs closing-wedge DFO).! The most commonly reported
complication after DFO is hardware removal;®'® however,
only three patients (14.3%) in our current study underwent
hardware removal prior to TKA conversion.

Although the literature is limited, a few notable
studies have demonstrated favourable clinical outcomes after
DFO-TKA. Only one study performed a similar matched
analysis comparing outcomes of patients who underwent
DFO-TKA to a matched control group who underwent primary
TKA without prior osteotomy. The authors found that at a

47,112 Patients
with TKA from

1972-2023

1,696 Patients with
Femoral or Tibial
Osteotomies prior
to TKA

23 Patients
with Bilateral TKAs
and Prior Unilateral

DFO
2 Patients
Excluded Due
to Incomplete
\ 4 Medical Records

21 Patients Included
with Bilateral TKAs
and Prior Unilateral

DFO

15 Patients 0 Eligible
with Outcome 6 Patients Patients
Scores at Final Deceased Lost to
Follow-Up Follow-Up
Fig. 1

Patient screening and enrollment based on inclusion criteria. DFO, distal
femoral osteotomy; TKA, total knee arthroplasty.

median follow-up of 42 months there was no significant
difference in postoperative outcome scores. However, there
was significantly more lateral intraoperative laxity, intraopera-
tive complications, and need for screw support in the tibial
component due to severe lower limb deformity.”” While
this prior study was limited by follow-up, ours demonstra-
ted comparable clinical outcomes between both knees at
a minimum of 20.2 years after DFO-TKA. Additionally, while
this study performed a matched analysis based on a limited
number of variables, our study is novel in that the patients
were able to serve as their own controls, eliminating con-
founding from comorbidities and other variables. Chalmers et
al'? examined 29 patients who underwent DFO-TKA and found
that Knee Society Scores significantly improved preoperatively
to postoperatively with a ten-year survival of 88%, however
this study lacked a control group. Notably, Hevesi et al®
performed a similar self-matched cohort study with patients
who underwent bilateral TKAs after prior unilateral proximal
tibial osteotomy (PTO). The authors demonstrated comparable
results to our current study, with no significant differences
in clinical outcomes between knees and 81% of patients
having either no subjective knee preference or preferring
their PTO-TKA knee. In contrast, a prior case series found
that patients who underwent DFO-TKA had inferior results
compared to patients who underwent TKA without a prior
DFO." However, this study included fewer than ten patients,
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Fig. 2
Anteroposterior radiographs of a 48-year-old female with a) a valgus deformity of the left knee treated with a medial closing-wedge distal femoral
osteotomy with plate and screws and a staple for femoral fixation. b) Subsequently after 15.2 years, the left knee underwent conversion to total knee
arthroplasty (TKA). ¢) Finally, the right knee, without any prior knee osteotomy, underwent primary TKA 10.4 years after prior contralateral TKA.

Table I. Patient demographics and distal femoral osteotomy
characteristics.

Variable Data
Mean age, yrs (SD)

DFO 45.8(10.8)
TKA following DFO 58.9(9.7)
Contralateral TKA 60.4 (8.4)
Sex, n (%)

Female 11(52.4)
Male 10 (47.6)
DFO laterality, n (%)

Left 7(33.3)
Right 14 (66.7)
Osteotomy performed, n (%)

Lateral opening-wedge 5(23.8)
Medial closing-wedge 16 (76.2)
Osteotomy fixation, n (%)

Plate and screws 17 (81.0)
Staples 3(14.3)
Both 1(4.8)

DFO, distal femoral osteotomy; TKA, total knee arthroplasty.

and the surgical techniques and preoperative planning for
DFOs have advanced considerably since this study was
published over 20 years ago.'**

The impact of a prior DFO on the type of arthroplasty
implant system was statistically non-significant, as over 95.0%
of both the DFO-TKA and TKA-only knees in our current study
received posterior-stabilized implants. However, it is important
to note that the polyethylene insert size was significantly
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Table II. Hardware removal and components used at the time
of distal femoral osteotomy and total knee arthroplasty, and
contralateral total knee arthroplasty.

Contrala-
Variable DFO-TKA teral TKA p-value
DFO hardware removal, n (%) N/A N/A
Prior to TKA 3(14.3)
Complete removal at time of TKA 10 (47.6)
Partial removal at time of TKA 3(14.3)
None 5(23.8)
Stemmed femoral component, n (%) 0.408*
Yes 5(23.8) 2(9.5)
No 16 (76.2) 19 (90.5)
Stemmed tibial component, n (%) 0.469*
Yes 2(9.5) 0(0.0)
No 19 (90.5) 21(100.0)
TKA implant constraint, n (%) > 0.999*
Posterior-stabilized 20(95.6) 21(91.3)
Varus-valgus 1(4.3) 0(0.0)
Mean polyethylene insert, mm (SD) 13.5(3.9) 11.9(2.8) 0.0321#

*Chi-squared test.

tPaired t-test.

FStatistical significance.

DFO, distal femoral osteotomy; N/A, not applicable; TKA, total knee
arthroplasty.

larger for the DFO-TKA knees. As mentioned previously, Hevesi
et al's® self-matched cohort comparing PFO-TKA and TKA-
only knees similarly reported a significant larger polyethylene
insert size in the PFO-TKA knees with no difference observed
in the implant systems used between both knees. Chalmers
et al'? and Kosashvili et al*? also demonstrated that most
knees were stable intraoperatively with posterior-stabilized
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Kaplan-Meier curve showing probability of survival after distal femoral osteotomy prior to total knee arthroplasty conversion. DFO, distal femoral

osteotomy; TKA, total knee arthroplasty.
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Fig. 4

Kaplan-Meier curve showing probability of survival from revision surgery after primary total knee arthroplasty. DFO, distal femoral osteotomy; TKA,

total knee arthroplasty.

components. However, both studies reported that over 15% of
knees required either femoral or tibial stemmed components,
similar to our cohort with 23.8% of DFO-TKA knees employing
a femoral stem.

While DFO-TKA knees exhibit comparable clinical
outcomes and arthroplasty implant systems, they can present
a considerably greater challenge surgically. For example, a
prior DFO may result in substantially more bone loss, altered
joint line, and difficult exposure due to scarring, which can
increase the risk of resultant instability, limb malalignment,
and patellar maltracking.?*** A prior study found that it was
challenging to balance the DFO knee in 13% of patients who
underwent primary TKA, with these patients instead requir-
ing a varus-valgus constraint.”* Nelson et al™® reported that

in order to create a neutral mechanical axis in DFO knees
undergoing primary TKA, that more resection of bone was
necessary from the distal aspect of the lateral femoral condyle
in relation to the distal aspect of the medial femoral condyle,
which is the opposite of typical surgical preparation for a
primary TKA. However, with the advent of navigation and
robotic platforms, it may be easier to avoid hardware removal
and achieve kinematic alignment.>>*

The present study is not without limitations. While
our study had a mean follow-up of 32 years following
DFO, we do remain limited by the small sample size. How-
ever, DFOs are uncommon procedures, and it is exceed-
ingly rare for patients to subsequently undergo bilateral
TKAs with extended follow-up.?” Additionally, post-hoc power

Uncompromised total knee arthroplasty function after distal femoral osteotomy 1017

S. C. Clark, X. Pan, D. B. F. Saris, M. J. Taunton, A. J. Krych, M. Hevesi



analysis demonstrated that the study was adequately powered
to detect statistical differences between both knees. Six
patients were deceased at final follow-up, limiting conclu-
sions drawn from postoperative outcome scores. Neverthe-
less, this suggests that comparable DFO-TKA and TKA-only
outcomes are commonly observed for the life of the implant
and the patient. Our institution serves as a tertiary refer-
ral centre, with approximately 2,500 TKAs being performed
annually by surgeons with substantial technical expertise
for complex primary TKAs. Thus, it is likely that well-experi-
enced surgeons played a vital role in the outcomes observed.
Finally, our results are susceptible to the biases inherent
to retrospective reviews including not identifying all eligi-
ble patients, incomplete recordkeeping, and the inability
to determine surgeons’ implant constraint algorithm and
alignment strategy.

In conclusion, in this self-matched study, DFOs did
not affect subsequent TKA function as clinical outcomes,
subjective knee preference, and revision rates were similar
in both the DFO-TKA and TKA-only knees at mean 32-year
follow-up.
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