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Abstract

Background: Distal femoral varus osteotomy (DFVO) is an effective surgical intervention for the management of symptomatic
valgus malalignment of the knee. Because it preserves the native knee joint and its ligamentous stability, DFVO is preferred
to total knee arthroplasty (TKA) in the young, active population. Purpose: We sought to assess return to work (RTW) and
return to sport (RTS) rates following DFVO for valgus malalignment of the knee. Methods: For this systematic review, we
searched EMBASE, MEDLINE, and Web of Science from inception through December 31, 2020. English language studies
of all levels of evidence explicitly reporting on RTS and RTW rates following DFVO for valgus malalignment of the knee
were eligible for inclusion. Results: Seven studies and 127 patients were included in our analysis. Mean age was 32.4 = 8.8
years with men comprising 46.7% = 22.3% of study populations. The mean RTS rate was 87.2% = 10.7%, with a return to
preoperative activity levels rate of 65.4% = 26.8%. The mean RTW rate was 81.8% * 23.3%, with a return to preoperative
activity levels of 72.8% = 18.1%. The mean reoperation rate was 35.6% = 18.8% within a mean follow-up period of 5.5 =
1.9 years. Conclusions: This systematic review of low-level studies found DFVO to be a safe and effective procedure for the
management of genu valgum in young, active populations, with most patients returning to sport and/or work, although not
all at their preoperative activity levels. A paucity of data surrounds RTS and RTW rates following DFVO. Future studies
should explicitly report both return to activity rates and whether patients returned to their preoperative activity levels.
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Introduction

In the United States, the prevalence of osteoarthritis (OA)
has nearly doubled over several decades and now affects
more than 32.5 million adults [38,53]. For those with OA
globally, knee OA has accounted for over 80% of the total
OA burden in years lived with a disability, with a global
prevalence rate exceeding 3.5% [37,56]. The prevalence of
knee OA is projected to increase, in part due to an aging
population and increasing body mass index [14,57]. Knee
OA with valgus alignment beyond the physiological 5° to
8° can lead to altered load bearing within the knee joint,
which results in increased loading of the lateral compart-
ment [7,17]. Over time, this can progress to chondral and
meniscal damage, worsening valgus deformity, and, ulti-
mately, worsening of OA [15,17]. These changes are often
accompanied by increased pain, stiffness, and functional
impairment [45].

The definitive treatment for multicompartmental OA
secondary to genu valgum is a total knee arthroplasty
(TKA) [45,61]. Due to the irreversible bone-removing
nature of this procedure and its potential to require revision
surgery in younger patients, TKA is typically recommended
for patients over the age of 60 or in patients for whom other
treatments are contraindicated or have failed [45]. For
younger and more active patients, other surgical options
include partial knee replacements, distal femoral varus
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osteotomy (DFVO), and high tibial osteotomy (HTO).
Some of these procedures, such as DFVO and HTO, pre-
serve the native joint and may delay the need for a TKA
[24,44,45]. The HTO is commonly performed for varus
deformities or in mild valgus deformities to minimize the
risk of future joint-line obliquity [26,44]. However, in cases
of idiopathic genu valgum, a medial closing-wedge HTO
may be unable to restore a parallel joint line while also
resulting in reduced bone stock and possible patella alta
[60]. Similarly, for greater degrees of correction, a lateral
opening-wedge HTO has a risk of peroneal nerve injury and
patella baja [54]. In such cases of genu valgum, and particu-
larly at higher degrees of angulation (greater than 12°),
DFVO is preferred [18].

The DFVO is generally indicated for young (<65 years
old), active patients suffering from congenital malalign-
ment or isolated lateral arthritis due to idiopathic or post-
traumatic deformity [32,40,46]. Relative contraindications
include nonunion risk factors (ie, smoking, diabetes, obe-
sity, inflammatory arthropathies, and excessive alcohol
use), severe patellofemoral OA, instability due to ligamen-
tous injury, lateral compartment bone loss, previous septic
arthritis of the knee, and valgus deformities greater than 20°
(although the operation may be a part of a multistep treat-
ment plan) [10,40,46,50]. The DFVO is commonly per-
formed in association with other soft-tissue procedures,
including ligament reconstruction, meniscal transplant, and
cartilage repair [12,39,50,55]. The goal of the DFVO for
genu valgum is to correct the mechanical axis of the knee
and offload the lateral compartment, thereby slowing
degeneration, decreasing pain, protecting any chondral or
meniscal procedures, and delaying TKA [45].

The DFVO is indicated for a population in which return
to sport (RTS) and return to work (RTW) have a profound
impact on economic implications and quality of life.
Previous systematic reviews have assessed the outcomes of
DFVO for genu valgum but none to-date have focused on
RTW or RTS [7,60]. An increasing focus on value-based
outcomes has focused consideration on RTS and RTW in
the evaluation of surgical procedures, especially in the
younger, more active population [6,8,13,47,51]. Therefore,
the primary goal of this study was to evaluate rates and
timelines of RTS and RTW following DFVO for valgus
malalignment.

Methods

This systematic review was performed according to the
guidelines set out by the Cochrane handbook [19] and is
reported according to the preferred reporting items for sys-
tematic reviews and meta-analyses (PRISMA) [35].

A systematic search of 3 electronic databases—the
Excerpta Medica Database (EMBASE), the Medical
Literature Analysis and Retrieval System Online

(MEDLINE), and Web of Science—was performed by 2
reviewers for literature related to DFVO for the valgus
knee. The search was dated from the inception of each data-
base through December 31, 2020. The search terms included
“distal femoral osteotomy,” “varus osteotomy,” and “valgus
knee.” The search strategies used for each database can be
found in the appendix. The inclusion criteria for this review
were (1) all types of varus-producing distal femoral osteot-
omies; (2) rates reported explicitly for RTS, RTW, or activ-
ity; (3) patients diagnosed with lateral compartment
pathology (ie, OA or meniscal damage); (4) levels of evi-
dence 1 to IV; (5) clinical and/or functional outcomes
reported; (6) a population that was skeletally mature; (7)
human studies; and (8) studies published in English.
Exclusion criteria consisted of (1) derotation or gradual
osteotomies, (2) diagnosis of patellofemoral instability or
pediatric deformities, (3) cadaveric studies, (4) biomechani-
cal studies, (5) no follow-up/outcomes data reported, and
(6) review papers. If papers included the same patient popu-
lation, only the most recent paper was included for analysis,
unless there were mutually exclusive patient selection crite-
ria and/or reported outcomes.

Two authors (H.A.K. and D.L.L.) independently
screened the titles and abstracts of the identified studies
using the inclusion and exclusion criteria described above.
To prevent premature exclusion, disagreements were
advanced to the full-text review stage. A third author
resolved any full-text disagreement (L.R.). After each
screening stage, a Kappa (k) score was calculated to deter-
mine the level agreement between reviewers. In reference
to a previous study, the categorization of k scores was
defined a priori as follows: 1.00 > k = 0.80 indicates
almost perfect agreement, 0.80 > « = 0.60 indicates sub-
stantial agreement, 0.60 > x = 0.40 indicates moderate
agreement, 0.40 > k = 0.20 indicates fair agreement, 0.20
> K = 0.00 indicates slight agreement, and a k score = 0
indicates no agreement [30].

All of the studies in this systematic review used nonran-
domized methodology. Two authors (H.A.K. and D.L.L.)
independently assessed the quality of each study using the
methodological index for nonrandomized studies (MINORS)
[52]. The MINORS questionnaire consists of 12 items for
comparative studies, and 8 additional items for noncompara-
tive studies. Each item is scored as 2 if reported and ade-
quate, 1 if reported but inadequate, and 0 if not reported.
Comparative studies have a maximum score of 24, and non-
comparative studies have a maximum score of 16.

Two reviewers were involved in data abstraction (H.A.K.
and D.L.L.). Each reviewer abstracted data from half of the
studies; the accuracy of their data was then reviewed by
the other reviewer. The data were abstracted into a Google
Sheets spreadsheet designed a priori. The following
data were recorded: study characteristics (authors, study
design, publication year, etc), number of patients, patient
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demographics (age, sex, etc), follow-up length, details of
the surgery performed (opening wedge, closing wedge, etc),
subjective outcome measures (Lysholm score, Tegner score,
Visual Analog Scale [VAS], Numeric Rating Scale [NRS]),
and RTS, RTW, or activity rates. The level of evidence for
cach study was determined based on guidelines from the
American Academy of Orthopaedic Surgeons (AAOS)
Evidence-Based Practice Committee [59].

The primary outcome of this study was evaluation of the
RTS or RTW for patients undergoing DFVO for a valgus
knee. We reported both RTS and RTW rates, whether or not
the preoperative activity level was recorded. In addition,
when applicable, RTS and RTW rates were reported as
return to the preoperative activity level or better. The time
to postoperative RTS and RTW was also evaluated.

The secondary outcomes of this study were pain (based
on validated outcome measures), radiographic alignment of
the osteotomies, and concomitant procedure and reopera-
tion rates. The following pain-related outcomes were
abstracted: (1) single assessment numeric evaluation
(SANE) score, (2) VAS/NRS pain score, (3) Lysholm score,
and (4) International Knee Documentation Committee
(IKDC) subjective score. The SANE score asks patients to
rate their current functional ability between 0 and 100; 100
represents normal function before injury [3]. The VAS/NRS
pain score is a widely used unidimensional scale from 0 to
100 mm or 0 to 10, in which higher scores correspond to
greater levels of pain [23,34]. The Lysholm score assesses
outcomes of knee ligament surgery and knee instability on
a scale from 0 to 10; the maximum score of 100 represents
no symptoms or disability [29,33]. The IKDC subjective
score is a validated patient-outcomes questionnaire devel-
oped to detect the improvement or deterioration of knee
function and symptoms after knee impairment on a scale
from 0 to 100; 100 represents normal function [9,25].
Concomitant procedures were defined as any therapeutic
procedure that took place alongside the index DFVO.
Reoperations were calculated based on the number of sec-
ondary operations each knee underwent following the index
DFVO, irrespective of the number of the procedures that
were completed during each reoperation.

Statistical Analysis

Descriptive statistics were derived using R (RStudio,
Boston, Massachusetts). These included weighted means
and standard deviations (SDs), as well as 95% confidence
intervals (Cls). Depending on the outcome, either the num-
ber of patients or the number of knees in each study were
used as the frequency weights.

Results

There were 3412 studies identified in our search, with 2636
remaining after duplicates were removed. After applying

inclusion and exclusion criteria, we identified 7 studies that
were eligible for this review (Fig. 1) [1,2,11,41-43,55].

Title and abstract screening had substantial inter-
reviewer agreement as the k score was 0.71 (95% CI, 0.63—
0.79), and after the full-text screening, there was almost
perfect agreement (0.86; 95% CI, 0.68—1.00). All 7 studies
were level IV noncomparative case series. The average
MINORS scores for included studies was 11.9 = 1.6, or
moderate quality (Table 1).

The included studies consisted of 127 patients (130
knees) with a mean age of 32.4 * 8.8 years. On average,
men comprised 46.7% = 22.3% of the included patients.
The average follow-up was 5.5 £ 1.9 years. Five studies
reported RTS rates with a mean age of 33.8 *= 11.3 years
and men comprising 39.5% = 14.4% of study samples
[1,2,11,41,55]. Four studies used the lateral opening-wedge
technique [1,2,41,42], 1 study used the wedgeless V-shaped
technique [11], and 2 studies used a combination of both the
lateral opening-wedge and medial closing-wedge technique
[43,55]. No studies reported the use of navigation. Three
studies reported RTW rates with a mean age of 36.4 + 8.5
years and men comprising 48.4% * 25.4% of study sam-
ples [11,42,43]. Notably, 1 of the studies included in this
analysis reported both RTS and RTW rates [11]. Three stud-
ies were included despite being derived from a single-
patient database due to mutually exclusive patient eligibility
criteria and reported outcomes [1,41,42]. Specifically, only
1 of these studies reported RTW rates [42], whereas the
other 2 studies reported RTS rates for patient populations
either undergoing isolated lateral opening-wedge DFVO or
DFVO with lateral meniscal allograft transplant, 2 mutually
exclusive procedures [1,41].

Only 2 studies reported explicit OA thresholds as an
indication for DFVO [1,11]. Three studies stated that
“symptomatic osteoarthritis” was an indication for DFVO
[11,42,55], and 2 studies reported symptoms specific for
concurrent meniscal allograft transplantation [41,42]. Two
studies reported minimum thresholds for valgus malalign-
ment requiring DFVO [41,42]. Study-specific eligibility
criteria can be found in Supplemental Table 2.

Six studies reported details regarding rehabilitation pro-
tocols [1,2,11,41,42,55]. All of these studies reported a
6-week period of either nonweightbearing [2,11,41,42] or
limited weightbearing [1,55]. The use of a hinged knee
brace was reported in the same 6 studies [1,2,11,41,42,55].
Full weightbearing as tolerated was initiated between 6 and
8 weeks postoperatively [1,2,11,41,42,55]. Formal physio-
therapy initiation was reported by 2 studies [2,41], with 1 of
these studies explicitly reporting a standardized physiother-
apy start date of 10 days postoperatively [41].

Five studies reported RTS rates (Supplemental Table 3)
[1,2,11,41,55]. The mean RTS rate irrespective of returning
to preoperative activity levels was 87.2% = 10.7% with an
average RTS time of 12.3 = 3.4 months [1,2,11,41,55].
Four studies reported details regarding activity intensity
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Fig. |. Preferred reporting items for systematic reviews and meta-analyses flow diagram.

relative to preoperative levels with a mean RTS rate to pre-
operative levels or better of 65.4% * 26.8% [1,2,11,41].
Three studies included a combination of collegiate, high
school, and recreational athletes [1,41,55], 1 study included
only elite level athletes at the collegiate level [2], and 1
study included patients participating in an unspecified level
of sporting activity [11].

Of the 3 studies that reported RTW rates (Supplemental
Table 3), 2 studies specified activity levels at work [42,43]
and 1 study only provided details regarding work responsi-
bility relative to preoperative levels [11]. The mean RTW
rate irrespective of preoperative activity level was 81.8% =
23.3%. The mean RTW rate to preoperative activity levels
or better was 72.8% = 18.1% (95% CI, 52.3%-93.3%).
One study reported a mean RTW time of 6.0 = 13.2 months
[42]. Five studies reported preoperative and postoperative
validated pain-related outcome scores [11,41,43,55]
(Supplemental Table 4). All of these reported statistically
significant improvements from preoperative to postopera-
tive states (P < .05).

Four studies reported a mean preoperative valgus align-
ment 0f 9.1° = 2.7° (95% CI, 6.5°-11.7°) [2,11,41,55]. Two
studies reported a mean postoperative alignment of 0° £ 0°
[11,55]. Study-specific details can be found in Supplemental
Table 4.

All included studies reported rates of concomitant proce-
dures and reoperations following the index DFVO surgery,
with the exception of 1 study that only reported concomi-
tant procedures [11]. The mean number of concomitant pro-
cedures per knee was 0.7 £ 0.6 (95% CI, 0.3—1.1) with
details provided in Supplemental Table 5. The mean postop-
erative reoperation rate was 35.6% * 18.8% (95% CI,
20.6%—50.7%) with details provided in Supplemental Table
6. The mean conversion to TKA rate was 4.0% *= 2.9%
(95% CI, 1.6%—-6.3%) at 4.9 = 2.4 years postoperatively.

Discussion

This study’s primary finding is that RTS and RTW rates fol-
lowing DFVO were similar, although moderately variable
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at 87.2% = 10.7 and 81.8% = 23.3%, respectively. The
average time to RTS and RTW was also heterogenous.
Despite the variability, DFVO is effective at reducing pain
secondary to valgus malalignment of the knee. We also
found a low rate of conversion to TKA of 4.0% = 2.9% at
approximately 5 years postoperatively.

This study was not without its limitations. First, all
included studies were level IV noncomparative case series.
Although the studies’ quality was moderate based on the
MINORS quality assessment tool, they consistently lacked
a prospective study design and prospective calculation of
study size. Second, while we attempted to adjust for age
when comparing RTS and RTW rates across DFVO and
TKA, our review’s mean age remained significantly lower
than that of the available TKA literature. Third, although 1
of the often-cited clinical benefits of DFVO is that it enables
young patients to return to activity and work, this study
found very limited literature explicitly reporting either
RTW or RTS rates. Fourth, among studies that did report
RTS and RTW rates, there were highly variable popula-
tions, outcomes, indications for surgery, and surgical tech-
niques used. This rendered it challenging to ascertain which
factors most affected postoperative outcomes. Therefore,
not only should future studies evaluating the efficacy of
DFVOs explicitly report RTS and RTW rates, a standard-
ized reporting methodology should be adopted to strengthen
the generalizability of the findings.

The DFVO for valgus malalignment of the knee in
young, active patients has some advantages over TKA as it
enables patients to return to high-impact activities while
also delaying any long-term implant complications associ-
ated with TKA [50]. This review found that RTW and RTS
rates following DFVO were relatively higher compared
with reported rates following TKA, even when adjusting for
age. A recent prospective study by Scott et al [49] demon-
strated that in a working population with a mean age of 59
years, 40% of patients returned to work following TKA.
This is considerably lower than our study’s post-DFVO
RTW rate of 81.8%. Furthermore, a systematic review by
Witjes et al [58] found that RTS rates following TKA in all
comers (ie, not specifically valgus or young patients) ranged
from 36% to 89%, which is appreciably lower relative to
our review’s post-DFVO RTS rates ranging from 70.6% to
100%. In the 3 studies in Witjes et al [58] that analyzed RTS
rates [4,22,27] in those less than 65 years [36], RTS rates
ranged from 57% to 89%, lower than our study’s rates.
Although Witjes et al did not specify if patients returned to
preoperative activity levels, previous literature has demon-
strated that following TKA, patients often return to
decreased frequency [22] and intensity [5] of activity. Our
study found a similar trend in the DFVO population with
mean RTS rate to preoperative activity levels or better being
65.4% = 26.8% compared with an absolute mean RTS rate

of 87.2% = 10.7%. Overall, it seems likely that both RTS
and RTW rates are better for patients undergoing DFVO
compared with TKA, although patients undergoing DFVO
are generally younger than those undergoing TKA, which is
likely a confounding factor.

With the exception of 1 study that reported RTW rates
in young active military personnel [43], we found RTW
rates that were comparable with the entire TKA population
[16]. Two included studies reported RTW rates to preop-
erative activity levels or better of 78.2% and 88.5%
[11,42], which is comparable with reported RTW rates in
the TKA population of 81.5% to 89% [16,31,48]. We did
find that mean RTW rate to preoperative activity levels
was lower than the absolute RTW rate (72.8% = 18.1% vs
81.8% = 23.3%). Therefore, while DFVO is an effective
intervention at allowing patients to RTW while also delay-
ing TKA, it may not reliably return patients back to rigor-
ous professions. Similar to HTO for varus knee deformity
[21], it is not uncommon for patients to return to a
decreased level of activity following DFVO [1,41,42].
Considering the promising RTW rates following DFVO,
this intervention can effectively delay the need for TKA in
younger patients with valgus malalignment of the knee
while also allowing them to stay active and employed in
the interim.

A notable trend in both of our review’s RTS and RTW
rates is that not all patients were able to return to their pre-
operative activity levels. Based on this review’s findings,
approximately 25% and 11% of patients returning to sport
or work, respectively, may not be able to return to their pre-
operative intensity levels. This is not unique to the DFVO
population. A systematic review by Ekhtiari et al [13] exam-
ining RTS and RTW rates following HTO for varus
malalignment of the knee suggests that 10% and 22% of
patients returning to sport or work will not be able to return
to their preoperative activity levels, respectively. Limitations
to returning to preoperative activity levels, or better, persist
in the TKA population with 3% [20] and 9% to 16%
[28,31,49] of patients returning to sport and work, respec-
tively, being unable to do so at their preoperative intensity
levels. The mean age of patients followed in the studies
evaluating RTS and RTW rates in the TKA population was
considerably higher than the mean age of patients in our
included studies, which limits the comparability of these
findings [20,28,31,49]. Patients undergoing DFVO should
be counseled regarding the probability of being unable to
return to their preoperative activity levels. Future studies
are warranted to further delineate the impact of preopera-
tive activity levels and patient characteristics on RTS and
RTW rates following DFVO.

This study found a total reoperation rate of 34.6% and a
lesser reoperation rate of 25.7% when excluding hardware
removal procedures (an often-planned reoperation follow-
ing DFVO). A previous systematic review by Wylie et al
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[60] found pooled reoperation rates of 35% and 44% fol-
lowing medial closing-wedge and lateral opening-wedge
DFVOs, respectively. While largely comparable with pre-
viously reported rates in the literature, we did find that our
included retrospective review by Rensing et al [43] had a
uniquely high reoperation rate of 54.5%. Considering this
patient cohort comprised active military personnel, it is
possible that increased levels of postoperative activity may
be associated with increased reoperation rates. Furthermore,
this systematic review found that the rate of conversion to
TKA following DFVO was 4.0% = 2.9% within follow-up
periods ranging from 3 to 7.5 years. Although comparable
with the literature, it has been demonstrated that DFVO
survival rates are inversely proportional to time since the
index surgery [7]. Therefore, future DFVO studies should
implement long-term follow-up periods to elucidate the

Appendix. Search strings.

effect various activity levels have on reoperation and con-
version rates.

In conclusion, our systematic review of low-level studies
found DFVO to be a safe and effective procedure for the
management of genu valgum in young, active populations.
The rates of RTW and RTS have been demonstrated to be
slightly favorable to those of TKA, in addition to maintain-
ing native joint mechanics and preserving bone stock. The
DFVO for genu valgum is also effective at reducing associ-
ated pain. Future studies should implement strong research
methodology including a prospective study design, explicit
patient selection criteria, and a thorough definition of RTS
and RTW to better ascertain the efficacy of DFVO on activ-
ity levels in young active patients. Future studies should also
consider the effect of novel surgical techniques such as navi-
gation assistance on radiographic and clinical outcomes.

MEDLINE

EMBASE

Web of Science

. Genu Valgum/su [Surgery]

. distal femur osteotom*.mp.

. distal femoral osteotom*.mp.

. distal femur varus osteotom*.mp.

. distal femoral varus osteotom*.mp.

. (distal femur adj|0 osteotom™).mp.

. (distal femoral adjl0 osteotom™).mp.
. (osteotom™ adjl 0 (valgus adj5 knee*)).mp.
.lor2or3or4or5oréor7or8
. limit 9 to humans

. limit 10 to English language

. limit 9 to human

— O VXNV AWN —
— O VONOOUAWN —

. distal femur osteotom*.mp.

. distal femoral osteotom*.mp.

. distal femur varus osteotom™*.mp.

. distal femoral varus osteotom*.mp.

. (distal femur adj10 osteotom™*).mp.

. (distal femoral adj|0 osteotom™).mp.

. valgus knee/su [Surgery]

(osteotom™* adjl0 (valgus adj5 knee*)).mp.
.lor2or3or4or5oréor7or8

TS=(distal femoral osteotom*) OR
TS=(distal femur osteotom*) OR
TS=(distal femoral NEAR/10 osteotom*)
OR TS=(distal femur NEAR/10
osteotom*) OR TS=(distal femur varus
osteotom*) OR TS=(distal femoral
varus osteotom*) OR TS=(osteotom*
NEAR/10 (valgus NEAR/5 knee*))

. limit 10 to English language

MEDLINE Medical Literature Analysis and Retrieval System Online, EMBASE Excerpta Medica Database.
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