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Abstract: Total knee replacement (TKA) is a frequent modality performed in patients with osteoarthri-
tis. Specific circumstances can make it much more difficult to execute successfully, and additional
procedures such as osteotomy may be required. The aim of this study was to perform a meta-analysis
and systematic review of osteotomies combined with TKA. Methods: In June 2022, a search PubMed,
Embase, Cochrane, and Clinicaltrials was undertaken, adhering to PRISMA guidelines. The search
included the terms “osteotomy” and “total knee arthroplasty”. Results: Two subgroups (tibial
tubercle osteotomy and medial femoral condyle osteotomy) were included in the meta-analysis.
Further subgroups were described as a narrative review. The primary outcome showed no significant
difference in favor to TTO. Secondary outcomes showed improved results in all presented subgroups
compared to preoperative status. Conclusion: This study showed a significant deficit of randomized
control trials treated with osteotomies, in addition to TKA, and a lack of evidence-based surgical
guidelines for the treatment of patients with OA in special conditions: posttraumatic deformities,
stiff knee, severe varus, and valgus axis or patella disorders.
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1. Introduction

The concept of deformity correction has been known since the time of Hippocrates and
has evolved through the centuries from osteoclasia—the breaking of a deformed bone—to
the first surgical osteotomy performed by John Rhea Barton in the USA in 1835 [1-3].
Extra-articular deformity is defined by mechanical axis deviation (MAD), joint orienta-
tion angles (MPTA—medial proximal tibial angle, LDFA—lateral distal femoral angle,
PPTA—posterior proximal tibial angle, and PDFA—posterior distal femoral angle), and
joint line convergence angle (JLCA). The center of rotation of angulation (CORA) indicates
the point of angular deformity. Importantly, intra-articular deformities are often presented
by joint incongruency [4,5]. The CORA point should be determined before any osteotomy
for proper surgery planning, because it determines the distance of the deformity from the
joint [6]. Nowadays, osteotomies around the knee are widely used for the treatment of
knee osteoarthritis, posttraumatic malalignment, or congenital deformities. A surgeon can
perform an osteotomy as a single procedure, as well as with concomitant soft tissue surgery,
articular cartilage regenerative procedure, or ligament reconstruction [7,8]. The principles
of osteotomies were described by Paley, who defined standard lower limb alignment and
joint orientation, as well as malalignment and malorientation in different planes. He de-
scribed radiographic assessment of deformities and referred to each joint, as well as total
knee arthroplasty (TKA), associated with malalignment [5]. The mechanical and anatomical
principles of osteotomy are of great concern in order to achieve appropriate alignment
and joint congruency after surgery [8,9]. The most frequently performed osteotomy is
the medial open-wedge high tibial osteotomy (HTO), which is for the treatment of early
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stage osteoarthritis [10], and the tibial tubercle osteotomy (TTO), which is for recurrent
patella dislocation or patellofemoral arthritis [11]. Additionally, osteotomies are of common
use during total knee arthroplasty (TKA): TTO as an approach for revision surgery or
epicondylar osteotomy for TKA balancing [12].

To our knowledge, this is the first systematic review and meta-analysis that considers
all osteotomies, in addition to TKA. Every study performed prior was concerned with a
specific type of osteotomy (tibial tubercle and medial/lateral sliding osteotomy) or clinical
problem (varus/valgus malalignment, patellofemoral disorders, and tibial malunion). In
our study, we would like to summarize the outcomes and indications for all osteotomies
concomitant with TKA. This review could lead to future prospective studies and expand
our knowledge concerning those types of surgeries.

2. Materials and Methods
2.1. Search Strategy

This systematic review and meta-analysis was constructed according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-analyses—the 2020 PRISMA
statement [13]—and was registered in the PROSPERO International prospective register of
systematic reviews (ID 310946). In June 2022, a comprehensive published literature search
through PubMed, Embase, Cochrane Database of Systematic Reviews, and Clinicatrials.gov
was performed. The references to the investigations found in this search were cross-
referenced to identify additional pertinent studies not identified in the original searches.
All searches were performed for studies concerning osteotomy performed around the knee
joint. The searches were performed by combining the following keywords: “osteotomy”
and “total knee arthroplasty”. The search was restricted to the English language.

2.2. Inclusion and Exclusion Criteria

This review included all clinical trials concerning osteotomies on the distal femur or
proximal tibia. All types of clinical trials meeting the following criteria were included in the
analysis: English language, human subjects, paper published in a peer-reviewed journal,
and full text available. Due to the small number of randomized clinical trials identified,
we included in the review a comparative retrospective or non-randomized studies. The
exclusion criteria included all animal studies, basic scientific investigations, case reports,
review articles, expert opinions, letters to editor, studies without control groups, technical
notes, papers not peer-reviewed, papers not in English, and trials evaluating osteotomy
unrelated to TKA. We excluded 12 articles in French, German, and Chinese due to the
possibility of “Tower of Babel bias”. The investigations included in this study were inde-
pendently reviewed by two orthopedic surgeon authors for inclusion and exclusion criteria.
Studies included in the analysis were divided into the following subgroups: tibial tubercle
osteotomy and medial femoral condyle osteotomy. Studies which did not meet those
criteria were included in our study as a narrative review in the following subgroups: tibial
tubercle osteotomy, medial femoral condyle osteotomy, lateral femoral condyle osteotomy;,
femoral osteotomy, and tibia osteotomy.

2.3. Selection and Data Collection

Two authors (K.K. and E.T.) independently searched databases, screened the result-
ing titles, and extracted the abstracts. The full-text articles were accessed for the articles,
which were adjustable by topic for the senior author (R.K.). Two reviewers (R.K. and E.T.)
extracted the data from the articles. At every search stage, the extracted data were
cross-checked, and any disagreements were discussed and settled by a third author. A
literature search through an electronic database identified a total of 1466 records according
to the search algorithm. One hundred and thirteen abstracts of the remaining articles were
assessed for the eligibility criteria. Thirty-five of them were excluded. Fifteen clinical
trials were included in this review and meta-analysis, and sixty-three were included as
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a narrative review due to the important overall results of the main topic. The literature
search flowchart is shown in Figure 1.

1466 citations identified
through primary
electronic and manual
search

1353 citations excluded as not
relevant according to the title
and/or abstract

113 potentially relevant citations
screened by 2 reviewers
(full text assesed for
eligibility)

35 citations excluded (not
relevant duplicates, other areas
not clinical trials, retrospective

analyses,

78 studies included in
quantitive synthesis

(_tncluded ) (_Eligibility ) (" Screening ) (Identification)

Figure 1. Flowchart of study inclusion.

2.4. Data Items

For each study included in the analysis, the following data were extracted by
two independent reviewers: authors, year of publication, type of knee lesions, details of
interventions in the study, sample size (randomized and analyzed), outcome measurements,
follow-up period, main results, and type of adverse events included in the publication.
Each study’s level of evidence was examined and evaluated based on criteria established by
OCEBM Levels of the evidence working group [14]. The measure of final stage treatment
effect was the mean together with the standard deviation for continuous outcome measures.
When studies reported other measures (e.g., median) and other dispersion measures,
such as the standard error (SE) of the mean or 95% confidence interval (CI) of the mean,
range, or interquartile range (IQR), we calculated the SD in order to perform the relevant
meta-analytical pooling according to References [15,16].

2.5. Types of Interventions
We compared TTO or epicondylar osteotomy with the following:
- Quadriceps snip approach;
- Anterior medial knee approach;
- Soft tissue release balancing.

2.6. Outcomes
The primary outcomes included the following:

- Pain—measured by a standard validated pain scale, e.g., Visual Analogue Score (VAS),
EQ-VAS score, or Numeric Rating Scale (NRS);

- Functional measurements by any standard validated scale, such as The Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC), Knee Society
Score (KSS), Hospital for Special Surgery knee rating scale (HSS), and Oxford Knee
Score (OKS);

- Range of motion (ROM);

- Limb alignment assessed as femorotibial angle;
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- Adverse events—if multiple time points were reported within our timeframes, we
extracted the last time point (e.g., if data were reported at six weeks, three months, six
months, and one year, we extracted outcomes at one year).

2.7. Study Risk of Bias Assessment

Revised Cochrane risk-of-bias tool was used to evaluate risk. Disagreement in the risk
of bias assessment was resolved by consensus and, if necessary, by the opinion of a third
reviewer. A study was deemed to be one of the following:

- “Low risk”—all items were scored as “low risk”;
- “Moderate risk”—up to two items were classified as “high risk” or “unclear risk”;
- “High risk”—if more than two items were scored as “high risk”.

We have presented our assessment of risk of bias by using two “Risk of Bias” summary
figures for every subsection of the manuscript.

2.8. Effect Measures and Synthesis Methods

The study weight was calculated by using the Mantel-Haenszel method. We assessed
statistical heterogeneity by using Tau? or Chi?, df, and I? statistics. The I? statistic describes
the percentage of total variation across trials that is due to heterogeneity. In the case of low
heterogeneity (I> < 40%), studies were pooled by using a fixed-effects model; otherwise, a
random-effects analysis was made.

2.9. Statistical Analysis

Qualitative statistical analysis and meta-analysis were performed by using R™ soft-
ware 4.2.0 and REVMAN 5.4.1 [17,18]. The p-values <0.05 were considered to be significant.

3. Results
3.1. Femoral Shaft Osteotomy

Eight case series included in our study concerned distal femoral osteotomy as an
additional procedure to TKA [19-26] (Table 1). Five of them presented one-stage total
knee arthroplasty with distal femoral osteotomy for the correction of extra-articular de-
formity with good results in the last follow-up (4 to 10 years of follow-up) [19-22,25].
Five of them included post-traumatic patients with femoral fractures malunion (in total,
19 patients) [19-22,25]: constitutional in three patients, secondary after femoral osteotomy
with overcorrection in three patients [22], and one with hypophosphatemic rickets [25].
Clinical and functional outcomes were shown in KSS [19,21,25,26], HSS [22], Kujala, and
Oxford Knee Score [23], with significant increases at the last follow-up. Six studies also
showed improvement in ROM post-surgery (range 85-107) [20,22,23,26,27]. The surgical
technique was different in every study. One study presented the case of a patient with
habitual patellar dislocation after TKA treated with biplanar closed wedge distal femoral
osteotomy with concomitant medial patellofemoral ligament reconstruction. The two-year
follow-up reported good outcomes [23]. The case presentation of a 19-year-old patient with
juvenile rheumatoid arthritis showed bilateral osteotomy with TKA for treatment of flexion
contractures. The first knee was treated with distal femoral resection, with conversion to
hinged arthroplasty, and the second by femoral shortening osteotomy, with resurfacing
TKA. Function outcomes as well as ROM showed notable improvements. Better results
were observed after a shortening femoral osteotomy than for distal femoral resection [27].
Walter et al. described the case of a patient with achondroplasia treated with a bilateral
rotating hinged implant with closed-wedge femoral osteotomy with good results—pain
relief and greater range of motion [26].
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Table 1. Distal femoral osteotomy around TKA.
Author Year Study Design No. of Patients Follow-Up Clinical Outcomes Radiological Outcomes Complications Fixation LOE
. .. Long uncemented
. KSS (21 to 77.5), KSF HKA (178-182), FMA 1 .deep vein th.rombos15, 1 extension stem -+
Catonne [19] 2019 prospective 6 10 years (25 to 83); ROM (95 stiffness—flexion 70 . o v
(89-93), TMA (89-91) . posterior-stabilized
to 107) (110 finally) :
implant
Fan [21] 2014 case 1 2 years Rom 0-110, KSF 80 X-ray none TKA +long Gamma 3 nail IV
1 patient with juvenile ROM improved to
Kitchen [27] 2015 case P VI Juver 2 years 20-75 X-ray none Cemented stem v
rheumatoid arthritis 18-85
1 nonfatal postoperative
KSS (10 to 87), KSF pulmonary embolism; 1 Press-fit stem /blade-
. . (22 to 81), ROM (56 . . L osteotomy did not heal; 2 plate/retrograde nail +
Lonner [25] 2000 retrospective 11 patients 46 months to 89), flexion Mechanical axis (2); union required improve ROM; 1 press-fit condy- v
contracture (19 to 2) required removal of lar/Legacy/Osteonics
TT screws
Revision stem NexGen
Xorav—Iloosening in the (Zimmer Biomet) + 4.5 mm
Rueda [20] 2016 case 1 hemophilic type A 8 years Rom (0-70 to 0-90) X-ray ray & locking-compression- v
tibial component -
plate-dynamic-
compression-plate
1 with patellar ROM 0-130, Kujala Patella tilt angle (40 to 20); Mpfl reconstruction +
Saito [23] 2020 case disloca}t)ion 24 months functional score (24 bisect offset (121 to 60); none biplanar closed wedge v
to 58), OKS (28 to 40)  FTA (172); HKA (2) distal femoral osteotomy
HSS (45 to 90), . . . 1 nonunion; 1
91 th lateral li ¢ Mechanical axis deviation int i lit
Sun [22] 2021 retrospective 7 months coratera’ igamen (MAD), mLDFA, intraoperaive sp 1 Long cemented stem v
(38-104 months) laxity, ROM fracture of distal femur; 1
mMPTA, JLCA .
(70 to 105) wound exudation
KSS (4-12 to 78-79), NexGen (Zimmer) +
Walter [26] 2017 case 1 with achondroplasia 12 months ROM (0-60/75 to X-ray EOS none v

0-75/85)

LC-plate with lag screws

LOE—Ilevel of evidence; ROM—range of movement, KSS—Knee Society Score, KSF—Knee Society Score functional score, OKS—Oxford knee scale, HSS—Hospital for Special Surgery
knee rating scale, FTA—femorotibial angle, HKA—hip-knee-ankle angle, Kujala—patellofemoral score, MAD—mechanical axis deviation, nLDFA—mechanical lateral distal femoral
angle, mMPTA—mechanical proximal tibial angle, JLCA—joint line convergence angle, TT—tibial tubercle.
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3.2. Lateral Aspect of a Knee
Lateral Femoral Condyle Osteotomy

Six studies presented outcomes after lateral femoral condyle osteotomy for the cor-
rection of severe valgus deformity in TKA (Table 2). All patients require specific ligament
balancing surgery to achieve proper correction and knee stability [28-32]. Preoperative val-
gus deformity ranged from 10 to >20 degrees, and it was reported in three articles [28,31-33]
and described as a fixed valgus deformity (the valgus deformity was not passively cor-
rectable) in two articles [29,30]. Four of the studies were prospective [28-30,32], and two
of them were retrospective [31,33], but none of them had a control group. All authors
decided to perform lateral femoral sliding osteotomy in one-stage surgery with TKA. Only
one accomplished the surgery without screw fixation—a lateral collateral ligament com-
plex was attached to a sliver of bone [33]. Other authors, after performing osteotomy,
used two or three screw (cannulated or cancellous) fixations. A total of 203 patients in-
cluded in all trials presented significantly improved outcomes in the last follow-up (median
1 to 5 years): OKS [32,33], KSS [28-32], KSF [31,32], WOMAC [29], HSS [29], and Stability
Score [28]. All studies after surgery had an X-ray for radiological measurements of cor-
rection. One case report also showed good results for a patient with progressive varus
deformity after lateral epicondylar osteotomy in the TKA procedure [34].

3.3. Medial Aspect of a Knee
3.3.1. Medial Femoral Condyle Osteotomy

Six studies described medial epicondyle osteotomy in TKA (Table 3) [35-40]. Three ran-
domized control trials (RCTs) were included in the meta-analysis [36-38]. Mirzatolooei et al.
evaluated outcomes in 14 patients with bilateral varus deformity in OA. They compared
osteotomy technique vs. medial collateral ligament (MCL) release by pie-crusting or subpe-
riosteally release in another leg. After the 12-month follow-up, they found non-significant
differences in ROM, VAS, WOMAC, Oxford scores, and flexion contracture when compar-
ing these two techniques [37]. Twenty patients included in another retrospective study
compared distal release of MCL and medial epicondylar osteotomy for ligament balancing
in TKA for medial contracture in varus knee. They found non-significant differences in func-
tional and clinical scores, as well as in flexion contracture. The only significant difference
was shown in valgus stress radiograms [38]. Mou et al. compared constrained arthroplasty
to posterior stabilized arthroplasty and medial femoral epicondyle up-sliding osteotomy
in patients with severe (>30 degree) valgus deformity. Fifty-three patients were enrolled
in this study, and they were monitored for more than 50 months. The KSS Function Score
and ROM significantly increased in both groups post-operatively but were non-significant
in the post-operative group compared to patients preoperatively. Only the Hospital for
Special Surgery knee rating scale showed significant difference in favor of the osteotomy
group (p < 0.05) [36].

Pooled estimated for these studies showed non-significant differences in favor of the
control group (p > 0.05) in ROM (Figure 2), unwanted events (Figure 3), and the femorotibial
angle (Figure 4) [36-38]. Two of them showed non-significant differences in favor of the
osteotomy group in regard to the KSS function score (Figure 5) (p = 0.12) [36,38]. Moreover,
similar outcomes were found in flexion contractures (p = 0.54) in favor of osteotomy
(Figure 6). Only medial joint opening showed significant differences for pooled estimated
studies in favor of the osteotomy group (p = 0.0003) [37,38] (Figure 7).
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Table 2. Lateral condyle femoral osteotomy around TKA.
Author Year Study Design No'. of Follow-Up Clinical Outcomes Radiological Complications Fixation LOE
Patients Outcomes
FTA (191 to 180); 4 deep-vein thrombosis,
. . KSS (32 to 88); patellar tilt, lateral 1 superficial wound problem,
Brilhault [30] 2002 prospective 13 S6months  yop (451 73) shift, Insall-Salvati; 1 pseudoarthrosis of sliding 35mmscrew IV
Caton-Dechamps osteotomy
Chen [34] 2015 case 1 1 year ROM 0-105 FTA 145 to 176 none 3 screws v
Egli 8(7) 't:g ggg’ Valgus (21 to 0.5); 2 lateral releases; 1 earl
Hadjicostas [28] 2008 prospective 15 28 months . e ! internal rotation . § y bicortical screw IV
instability score (12 to (95 t0 0.5) superficial hematoma
21.3); flexion (85 to 105) ’ ’
Valgus (21 to 0.5);
aHLI]<:)?3§?72476t;)018820 'f)) ” 1 transient numbness in the 3 cancellous
Li [31] 2018 retrospective 25 3.3 years KSS (36.5 to 89.1) aLPTA (82 '7 to 89 .6)’ peroneal nerve area, Screws v
FTEA (84.2 to 89.6), 1 wound exudation
1S (0.95 to 0.9),
. OKS 43; Arc of
Raut [33] 2018 retrospective 23 5 years movement (110) FTA (20 to 4) none none v
. FTA (149 to 6.4); 1 displacement; 1 infection,
. . OKS (412 to 21.'3)’ KSS HKA (189.7 to 179.4); 1 periprosthetic fracture, 1 aseptic 2 cannulated
Seior [32] 2018 prospective 98 4.5 years to (35.9 to 84.9); KSF (56 ADLF (76.4 to 83.7); loosening of tibial component, 4.5 mm screws v
to 83.1) MPTA (91.4 to 89.6) 1 instability; 2 capsule rapture
FTA (17.7 t0 7.2);
WOMAC (41.9 to 20); patellar tilt; patellar
AKSS (87.9 to 157.5); shift; ADFL (76.1 to 2 cannulated
Strauch [29] 2012 prospective 27 1 year patella score (12.5 to 83.0); MPTA (91 to none 45 mm Screws II
24.5); ROM 89.8); tibial slope (7.9 ’
(118.8 to 119.4) to 4); HKA (191 to

LOE—Ilevel of evidence; ROM—range of movement, WOMAC—Western Ontario and McMaster Universities Osteoarthritis Index, KSS—Knee Society Score, KSF—Knee Society Score
functional score, AKSS—Knee Society Score activity score, OKS—Oxford knee scale, FTA—femorotibial angle, HKA—hip—knee-ankle angle, mLDFA—mechanical lateral distal femoral
angle, mMPTA—mechanical proximal tibial angle, TT—tibial tubercle.
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Table 3. Medial condyle femoral osteotomy around TKA.
Author Year  Study Design NO'. of Follow-Up Clinical Outcomes Radiological Complications Fixation LOE
Patients Outcomes
ROM (80 to 103.6); flexion
Mihalko [39] 2013  retrospective 102 63.2 months contracture (21.8 to 2.2); Varus (11.8 to 6) none - v
KSS (29.4 to 94.5);
KSF (31.4 to 78.3)
ROM (98.9); WOMAC
Mirzatolooei [37] 2019  prospective 14 1 year (39.8); OKS (88.3); Flexion Varus (22.6 to 7.5) 1 nonunion 2 pins I
contracture (3.4); Vas 39.5
Wound problem,
peroneal nerve injury,
patellar tracking
KSF (33 to 94); VA (31.1to 7); dysfunction, infection, 45 mm
Mou [36] 2018  prospective 53 50 months HSS (30 to 91); HKA (179.9); pulmonary embolism; h.ollow Screws I
ROM (83 to 115) FTA (173) knee instability, recurrent
valgus deformity, implant
loosening, osteolysis,
motion deficit
HKA (203.5 to 179.9);
KSF (33 to 94); FTA (147.9 to 172.9); 1 periprosthetic femoral 4.5 mm
Mou [35] 2018  prospective 26 6 years HSS (30 to 91); CHA (106.8 to 89.8); frsctu};e' h‘ollow Screws v
ROM (84 to 116) PAA (95.4 t0 90.2); VA ’
(32.1t0 7.3)
KSS (35.9 to 91.1);
Sim [38] 2013 retrospective 9 465months  1OF (336 t0882);flexion b 4g 45 g 4 fibrous union Suture Ethibond I
contracture (11.8 to 0.8);
ROM (103 to 119)
KSS (35.3 to 89.1); 6.5 mm cancellous
Sim [40] 2018  retrospective 61 50.6 months KSF (487 to 88.6); flexion FTA (104 to 5.5); 22 fibrous union screw /non v
contracture (8.5 to 1); varus (16.7 to 1) bsorbable sutur
ROM (112 to 118.9) absorbabrle sutures

LOE—Ievel of evidence; ROM—range of movement, WOMAC—Western Ontario and McMaster Universities Osteoarthritis Index, KSS—Knee Society Score, KSF—Knee Society Score
functional score, OKS—Oxford knee scale, HSS—Hospital for Special Surgery knee rating scale, FTA—femorotibial angle, HKA—hip-knee—ankle angle, TT—tibial tubercle.
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Mirzatolooei F. etal. 989 9.4 14 1007 28 14 298% -1.80[-6.94,3.34] —
Mou P. et al. 15 7 27 112 6 26 641%  3.00[-0.51,6.51] —3—
Sim J.A. et al. 1191 13 11 1188 113 7 61% 0.30[-11.06, 11.66)
Total (95% Cl) 52 47 100.0%  1.40 [-1.40, 4.21] ’
Heterogeneity: Chiz = 2.33, df = 2 (P = 0.31); I = 14% o g . p s
Test for overall effect: Z = 0.98 (P =0.33) Favours [experimental] Favours [control]

Figure 2. Forest plot for range of movement (ROM) (CI, confidence interval; IV, inverse variance; and
SD, standard deviation).

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI
Sim J.A. et al. 4 11 0 7 13.5% 9.00[0.41,198.21] 2013 L
Mou P. et al. 1 27 2 26  70.4% 0.46 [0.04, 5.42] 2018 =
Mirzatolooei F. et al. 1 14 0 14 16.1% 3.22[0.12, 86.09] 2019 -
Total (95% Cl) 52 47 100.0%  2.06 [0.50, 8.47] —~a—
Total events 6 2
Toen 2 = = - -2 = 0, } } } }
?et(:;ogeneltyl.l Cfr;l t'.';.i.’lfi,1 (2;‘0 |2:(—P0 302.31), 2=15% 0005 01 1 10 200
est for overall effect: Z = 1.00 (P = 0.32) Favours [experimental] Favours [control]

Figure 3. Forest plot for adverse events (CI, confidence interval).

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Mirzatolooei F. et al. 86 29 14 75 23 14 28.5% 0.41[-0.34, 1.16] -
Mou P. et al. 7 24 271 7523 26 54.8% 0.21[-0.75, 0.33] —a T
Sim J.A. et al. 59 0.8 11 53 1 7 16.7% 0.65[-0.33, 1.63] .
Total (95% CI) 52 47 100.0% 0.11 [-0.29, 0.51] ’
Heterogeneity: Chiz = 3.12, df = 2 (P = 0.21); I = 36% 751 705 5 S 015 1
Test for overall effect: Z = 0.54 (P = 0.59) Favours [experirﬁental] Favours [control]

Figure 4. Forest plot for femorotibial angle (CI, confidence interval; IV, inverse variance; and SD,

standard deviation).

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Mou P. et al. 94 6 27 94 6 26 52.8% 0.00[-3.23,3.23]
Sim J.A. et al. 911 44 11 951 3 7 47.2% -4.00 [-7.42, -0.58] ——
Total (95% CI) 38 33 100.0% -1.89 [-4.24, 0.46]
Heterogeneity: Chi2=2.78, df = 1 (P = 0.10); 1> = 64% t t 1 t t
Test f Il effect: Z = 1.57 (P = 0.12 -10 5 0 5 10
estfor overall effect: 2=1.57 (P = 0.12) Favours [experimental] Favours [control]

Figure 5. Forest plot for KSS function (CI, confidence interval; IV, inverse variance; and SD, standard

deviation).

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
Mirzatolooei F. et al. 34 12 14 41 23 14 58.1% -0.70[-2.06, 0.66] ]
Sim J.A. etal. 08 15 11 06 1.8 7 419% -0.20[-1.40, 1.80] &
Total (95% ClI) 25 21 100.0% -0.32[-1.36,0.71] -’
Heterogeneity: Chiz = 0.71, df = 1 (P = 0.40); 1> = 0% 752 751 s ; é
Test foraucralleriect Z=081 (> =0.54) Favours [experimental] Favours [control]

Figure 6. Forest plot for flexion contracture (CI, confidence interval; IV, inverse variance; and SD,

standard deviation).
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Mirzatolooei F. et al. 27 042 14 3509 14 639% -1.11[-1.91,-0.30] —i—
Sim J.A. etal. 04 09 11 2116 7 361% -1.34[-2.41,-0.27] —_—
Total (95% CI) 25 21 100.0% -1.19 [-1.83, -0.55] i
Heterogeneity: Chiz=0.11, df = 1 (P = 0.73); 2= 0% 752 j1 . 1 2

Test for overall effect: Z = 3.63 (P = 0.0003)

Favours [experimental] Favours [control]

Figure 7. Forest plot for medial joint opening (CI, confidence interval; IV, inverse variance; and SD,
standard deviation).

Two further studies included in this review described medial femoral epicondyle up-
sliding osteotomy for correcting valgus deformity and to balance soft tissues. Mou et al.,
in a prospective study, described good outcomes in 26 patients in 54 +/— 18 months
follow-up, but with no control group. Valgus angles were measured over 20 degrees,
with knees belonging to the Krackow II classification, and outcomes were measured on
the Hospital for Special Surgery knee rating scale (HSS), knee society function score, and
range of motion [35]. Malhaiko et al. used 10 cadaver knees—>5 for standard MCL release
group after TKA and 5 for an epicondylar osteotomy group. They observed significantly
greater laxity at 60 and 90 degrees of flexion for the osteotomy group and also significantly
greater laxity at full extension, and 90 flexion included internal and external rotation. They
retrospectively analyzed 102 patients with a minimum 1-year follow-up, using the standard
medial parapatellar approach and subperiosteal release of MCL with increased clinical
and functional outcomes in all cases. They also stated that there is no need for this type of
exposure, and if this procedure is performed, it should be performed with extreme care,
PCL preservation and the use of a constrained implant [39]. Sim el al. described medial
epicondylar osteotomy for correcting varus TKA in a retrospective study of 54 patients in a
2-year follow-up. KSS, ROM, and radiological outcomes significantly improved compared
to preoperative. They also observed 39 osseous union and 22 fibrous union, with no
differences between the bone and fibrous groups [40].

3.3.2. Medial Tibial Reduction Osteotomy

Five studies described TKA with reduction osteotomy in medial side of tibia for
gap balancing in varus knee (Table 4) [41-45]. Two RTC designed by Ahn et al. showed
better results for the osteotomy group compared to the control group. The first trial
compared vertical osteotomy (bony resection of proximal medial tibia) to medial soft tissue
release. The most important finding showed reduced operation time (mean 96.9 min for
osteotomy vs. 116.2 min for control). There were no significant differences in ROM, HSS,
and mediolateral gap in 0 and 90 degrees. Only the 130 degree gap ratio was significantly
smaller for the osteotomy group (p = 0.0001) [42]. The second study compared reduction
osteotomy with pie-crusting for gap imbalance over 3 mm. They found better overall
success in the osteotomy group (p = 0.007)—five failures vs. seventeen failures in the
control group, and a significant difference in the change of medial gap in knee extension
balancing (p < 0.001). However, the change of the medial gap in knee flexion balancing was
significantly better for the pie-crusting group (p < 0.001) [41].

Three further studies showed a correlation between the mean correction and the size
of the bony resection [43-45]. Two of them were prospective [44,45], and in two, computer
navigation was used [43,44]. Mullaji et al. described a predictable 1 degree of correction for
every 2 mm of bone resected [44]; Krackow et al. showed similar results—mean correction
of 0.45 degree for every 1 mm. They also found improvement in KSS and KSF, as well as in
the lower extremity activity scale [43]. Niki et al. showed a 1.7-degree correction for 4 mm
and 2.8-degree correction for 8 mm bony resection. Additionally, KSS and KFS improved in
3.3 months of follow-up [45].
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Table 4. Medial tibia reduction osteotomy around TKA.

Author Year Study Design No. of Patients  Follow-Up Clinical Outcomes Radiological Outcomes Complications  Fixation LOE

. HSS (63 to 92.9); ROM Tibio-femoral
Ahn [42] 2013 prospective 27 6 months (123.75 to 134.45) medial-lateral gap ratio none ) I

. Flexion contracture (5.9); 5 Flexion gap
Ahn [41] 2016 prospective 106 1 month ROM (121.5) Varus (10.1 to 0.6) imbalance - II

. KSS (38 to 89.2); KSF (51.45 . . )
Krackow [43] 2014 retrospective 35 32.8 months to 76.55); LEAS (8 to 9.68) Varus (9.47 to 0.65) 1 infection v
Mullaji [44] 2013 prospective 71 - - Varus (14 to 3.5) - - v
9 trabecular

Niki [45] 2015 prospective 36 3.3 years KSS (91.8); KSF (78.3) FTA (5.9) metal - v

components

LOE—level of evidence; ROM—range of movement, KSS—Knee Society Score, KSF—Knee Society Score functional score, HSS—Hospital for Special Surgery knee rating scale,
FTA—femorotibial angle, HKA—hip-knee-ankle angle, TT—tibial tubercle.
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3.4. Tibial Tubercle Osteotomy

Twelve studies were included in the meta-analysis (Table 5) [46-57]. Follow-up ranged
from 1 to 15 years; all except three studies [54,56,57] were prospective and consider TTO in
both revision and primary TKA. Four of them compared quadriceps sniff with the tibial
tubercle osteotomy approach for TKA [47,48,55,58], two lateral subvastus approach with
TTO vs. medial parapatellar approach [49,51], and another six medial parapatellar vs.
lateral parapatellar approach with TTO [50,52-54,56,57]. Clinical and functional outcomes
improved in all studies when compared to preoperative data.

Barrack et al., in a multicenter study, showed equivalent results between groups in KSS
and patellofemoral questionnaires, a significantly greater arc of motion in the quadriceps
group and difficulty with kneeling and stooping in the TTO group [46]. Sun et al. showed
no significant differences in KSS, HSS, WOMAUC, flexion contracture, and maximal flexion
in second-stage revision for infected TKA [55]. Di Benedetto also showed no differences
in the ROM and KSS score between the groups [47]. On the other hand, Bruni et al., in
their randomized prospective study, showed significantly increased mean knee flexion
and KSS score and incidence of extension lag significantly lower for the TTO group in
infected knees (p < 0.05) [48]. TTO compared with the lateral subvastus approach also
showed no significant differences in the WOMAC, KSS, ROM [49,51], and VAS scale [49].
Four complications occurred in the TTO group—three tibial plateau fractures and one
wound discharge [51]. A significant increase in lateral patellar subluxation in the standard
medial parapatellar approach (p = 0.034) was observed [49]. Comparing the lateral with
the TTO and standard medial parapatellar approach, three studies showed non-significant
differences in outcomes: HSS [57], ROM, KSS [52,53,57], and VAS [52,53]. Schiapparelli
et al., in computer tomography measurements, showed no significant differences between
the groups in terms of the limb axis [54]. However, Hirschmann et al. showed better KSS
(p = 0.0009), VAS (p = 0.0001), and flexion (p = 0.027) in the TTO group [50]. Moreover,
Vandeputte et al., in a 2-year follow-up in patients after revision TKA with pseudopatella
baja, presented significantly increased clinical KSS (p = 0.03); however, functional KSS did
not increase significantly (p = 0.2) [56].

Most of the presented studies showed no significant differences between the con-
trol and experimental groups. However, pool estimates for studies in the follow-
ing subgroups showed significantly increased outcomes in favor of the TTO group:
ROM (p < 0.0001) [46-52,55,57] (Figure 8), KSS clinical score (p = 0.02) [46-52,55-57]
(Figure 9), and WOMAC (p = 0.04) (Figure 10) [49,51,55].

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight 1V, Fixed, 95% CI Year IV, Fixed, 95% CI
Barrack R. L. et al. 81 0 15 104 0 94 Not estimable 1998
Hirschmann M. T. et al. 118 10 76 114 10 67 17.2% 4.00[0.72, 7.28] 2010 —
Hay G.C. et al. 121.9 9.91 16 1121 11.32 16 3.4%  9.80[2.43,17.17] 2010
Nikolopoulos D. D. et al. 110 7.85 22 111.09 9.16 22 7.3% 1.09 [-6.13, 3.35] 2011 i
Bruni D. et.al. 113 151 39 94 153 42  4.2% 19.00[12.38, 25.62] 2013
Sun Z. et al. 941 227 21 95.9 28.3 27 0.9% -1.80[-16.23,12.63] 2014
Langen S et al. 116.27 6.67 106 113.7 16.07 474 50.2% 1.57 [-0.35, 3.49] 2015 HE-
ChunK.Cetal. . 103 6.9 31 101 8.1 35 14.2% 2.00 [-1.62, 5.62] 2019 B i
di Benedetto P. et al. 991 9.9 23 983 17.7 21 2.5% 0.80 [-7.78, 9.38] 2020 — =
Total (95% ClI) 349 798 100.0% 2.83 [1.46, 4.19] &
ity: Chiz = = ;12 =789 t } + y
Heterogeneity: Chi2 = 31.60, df = 7 (P < 0.0001); 1> = 78% 50 1'0 0 10 20

Test for overall effect: Z = 4.06 (P < 0.0001)

Favours [control] Favours [experimental]

Figure 8. Forest plot for ROM in TTO patients (CI, confidence interval; IV, inverse variance; and SD,

standard deviation).
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Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% CI Year 1V, Fixed, 95% CI
Barrack R. L. et al. 17 0 15 134 0 94 Not estimable
Hay G.C. et al. 95.4 9.8 16 87.85 8.65 12 3.0% 0.79[0.00, 1.57]
Hirschmann M. T. et al. 93 1" 76 88 13 67 16.6% 0.421[0.08, 0.75] - =
Nikolopoulos D. D. et al. 87.8 8.64 22 871 943 22 5.2% 0.08 [-0.52, 0.67] -
Bruni D. et.al. 88 43 70 70 41 42 12.2% 0.42[0.04, 0.81] -
Sun Z. et al. 126.2 146 21 1237 185 27 5.6% 0.15[-0.43, 0.72] -1
Langen S et al. 86.24 14.34 106 854 1939 474 412% 0.05[-0.17, 0.26] -
Vandeputte F. J. et al. 73.73 36.04 13 79.05 36.04 13 3.1% -0.14 [-0.91, 0.63]
ChunK.Cetal.. 85 5.39 31 86 6.125 35 7.8% 0.17 [-0.65, 0.31] - =1
di Benedetto P. et al. 86.4 36 23 865 2.8 21 52% -0.03 [-0.62, 0.56] - 7
Total (95% CI) 393 807 100.0% 0.16 [0.02, 0.29] ~

ity Chiz = = = .12 = 249 } + } +
Heterogeneity: Chi? = 10.51, df = 8 (P = 0.23); I* = 24% *'1 05 0 0-5 1

Test for overall effect: Z = 2.26 (P = 0.02)

Favours [control] Favours [experimental]

Figure 9. Forest plot for KSS clinical score (CI, confidence interval; IV, inverse variance; and SD,

standard deviation).

Experimental Control

Mean Difference

Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI Year IV, Fixed, 95% CI

Hay G.C. et al. 39 453 16 81 588 14 37.4% -4.20[-8.00,-0.40] 2010 DI

Sun Z. et al. 384 16.3 21 394 174 27  6.0% -1.00[-10.50, 8.50] 2014

Langen S et al. 13.58 13.37 106 15 19.39 474 56.6% —1.42[-4.51,1.67] 2015 —T—

Total (95% ClI) 143 515 100.0% -2.43 [-4.76,-0.11] -

Het ity: Chiz=1.33, df =2 (P = 0.51); 1= 09 t + } +
eterogeneity: Chi 33,d (P =0.51) 0% 10 5 0 c 10

Test for overall effect: Z=2.06 (P = 0.04)

Favours [experimental]

Favours [control]

Experimental

Figure 10. Forest plot for WOMAC (CI, confidence interval; IV, inverse variance; and SD, standard deviation).

Non-significant differences were observed for the HSS (p = 0.65) [55,57] (Figure 11), KSS
functional score (p = 0.76) (Figure 12) [49-53,56], and VAS score (p = 0.07) (Figure 13) [49,50,52],
as well as flexion contracture (p = 0,18) (Figure 14) [46,48,57] and extension lag (p = 0.13)
(Figure 15) [55,57]. The Insall-Salvati ratio (p < 0.0001) (Figure 16) [55,57] and femorotibial angle
(Figure 17) (p = 0.24) showed differences in favor of the TTO group. Unwanted events presented
a significant difference (p = 0.02) in favor of the control group (Figure 18) [46-48,50-53,55,57].
Mean Difference

Control Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI Year 1V, Fixed, 95% CI
SunZ. etal. 71 54 21 731 164 27 14.0% -2.10[-8.70, 4.50] 2014
Chun K. C etal. . 83 539 31 82 5635 35 86.0% 1.00[ 1.66,366]2019 ——
Total (95% CI 52 62 100.0% 0.57 [-1.90, 3.04
( % Cl) o [ A | l l ’ l ]

Heterogeneity: Chi? = 0.73, df =1 (P = 0.39); I>= 0% ! '5 0

10

Test for overall effect: Z = 0.45 (P = 0.65) 10

5
Favours [control Favours [experimental]

Figure 11. Forest plot for HSS (CI, confidence interval; IV, inverse variance; and SD, standard deviation).

Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% ClI IV, Fixed, 95% ClI
Hay G.C. et al. 8562 7.77 16 82.81 777 12 27% 0.35[-0.40, 1.11]
Hirschmann M. T. et al. 89 18 76 83 18 67 14.1% 0.33[0.00, 0.66] -
Langen S et al. 77.97 1422 106 76 20.5 474 347% 0.10[-0.11, 0.31] T
Nikolopoulos D. D. etal. 77.81 9.16 22 7717 1047 22 4.4% 0.06 [-0.53, 0.66]
Piedade S. R. et al. 74 24 113 78 24 1252 41.5% -0.17 [-0.36, 0.03] — &
Vandeputte F. J. et al. 53.46 18.67 13 57.46 18.67 13 26% -0.21[-0.98,0.56]
Total (95% CI) 346 1840 100.0% 0.02 [-0.10, 0.14] ?

Tiva 2 = - - 2 = 0y } : T : :
Heterogeneity: Chi* = 8.67, df =5 (P = 0.12); I? = 42% 7'1 05 0 05 1

Test for overall effect: Z =0.31 (P = 0.76)

Favours [control] Favours [ex.peri mental]

Figure 12. Forest plot for KSS functional score (CI, confidence interval; IV, inverse variance; and SD,

standard deviation).
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% ClI
Hay G.C. et al. 04 0.85 16 12 123 12 16.3% -0.80[-1.61,0.01] .
Hirschmann M. T. et al. 09 17 76 T4 .7 67 34.4% -0.50[-1.06, 0.06] . —
Nikolopoulos D. D. et al. 1.14 0.79 22 114 0.79 22 493% 0.00[-0.47,0.47] —
Total (95% CI) 114 101 100.0% -0.30[-0.63, 0.02] B
Heterogeneity: Chi2 = 3.54, df =2 (P = 0.17); I = 43% 7=1 7055 5 o!s 1
Test for overall effect: Z = 1.81 (P = 0.07) Favours [experirﬁental] Favours [control]

Figure 13. Forest plot for VAS (CI, confidence interval; IV, inverse variance; and SD, standard deviation).

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
ChunK.Cetal.. 4 147 31 5 49 35 87.8% -1.00[-2.70,0.70] —
Sun Z. et al. 38 77 21 56 84 27 12.2% -1.80[-6.37,2.77] -
Total (95% CI) 52 62 100.0% -1.10 [-2.69, 0.50] -l
Heterogeneity: Chiz = 0.10, df = 1 (P = 0.75); I = 0% 751 2 5 2 j‘
Test torguer|latiett. £=1.59 (P=0.18) Favours [experimental] Favours [control]

Figure 14. Forest plot for flexion contracture (CI, confidence interval; IV, inverse variance; and SD,

standard deviation).

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Barrack R. L. et al. 10 15 3 14 5.4% 7.33[1.38, 38.88]
Bruni D. etal. 5 39 19 42 826%  0.18[0.06, 0.54] ——
ChunK.Cetal.. 0 31 2 35 12.0% 0.21[0.01, 4.61] -
Total (95% Cl) 85 91 100.0% 0.57 [0.27, 1.19] e
Total events 15 24
o g 125 = - 92 = 0, ] ] 1 1
_II-_IetTr];ogenelty].l C:fl N 123._516,5cé)f P2_(I;’ 130.001), 12=85% 0.61 0:1 1'0 160
est for overall effect: Z = 1.50 (P = 0.13) Favours [experimental] Favours [control]

Figure 15. Forest plot for presence of extension lag (CI—confidence interval).

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
ChunK. Cetal. . 0.8 014 31 1034 35 57.0% -020[-0.32,-008 — ——
SunZ. et al. 0.8 0.14 21 1 0.34 27 430% -020[ 034, 006 — @& ————
Total (95% CI) 52 62 100.0% -0.20[-0.29, -0.11] —~l—
Heterogeneity: Chi2z = 0.00, df = 1 (P = 1.00); 12 = 0% 012 701 PR 0=1 012
Test for overall effect: Z = 4.22 (P < 0.0001) Favours [éxperimlental] Favours [control]

Figure 16. Forest plot for Insall-Salvati ratio (CI, confidence interval; IV, inverse variance; and SD,

standard deviation).

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI
Sun Z. et al. 01 29 21 06 33 27  7.0% -0.50[-2.26,1.26] 2014
Langen S et al. 53 27 106 555 246 474 69.0% -0.25[-0.81,0.31] 2015 ——
Schiapparelli F.F. et al. 004 35 38 02 34 162 14.3% -016[-1.39, 1.07] 2017 -
ChunK.Cetal. . 01 29 31 06 3.3 35 9.7% -0.50[-2.00, 1.00] 2019
Total (95% Cl) 196 698 100.0% -0.28 [-0.74,0.19] q»
Heterogeneity: Chi? = 0.19, df = 3 (P = 0.98); I = 0% _=2 jq 5 1 2
Testioroverall effect: 7.51.18 (P =.0.24) Favours [experimental] Favours [control]

Figure 17. Forest plot for femorotibial angle (CI, confidence interval; IV, inverse variance; and SD,

standard deviation).
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Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI
Barrack R. L. et al. g 15 7 94 4.7% 3.11[0.71, 13.66] 1998 |
Piedade S. R. et al. 4 113 105 1252 51.2% 0.40[0.14, 1.11] 2008 ——
Hirschmann M. T. et al. 21 76 1 67 2.3% 25.20[3.28, 193.37] 2010
Nikolopoulos D. D. et al. 9 22 3 22 54%  4.38[0.99, 19.36] 2011
Bruni D. et.al. 1 39 4 42 11.5% 0.25[0.03, 2.34] 2013 - 1
Sun Z. et al. 3 21 7 27 16.0% 0.48[0.11,2.12] 2014 I
Langen S et al. 4 106 0 474 0.5% 41.66[2.23,779.89] 2015
ChunK.Cetal. . 2 31 2 35 5.4% 1.14[0.15, 8.60] 2019 I
di Benedetto P. et al. 2 23 1 21 2.9% 1.90[0.16, 22.68] 2020 I
Total (95% Cl) 446 2034 100.0% 1.63 [1.07, 2.46] L 2
Total events 49 130

Heterogeneity: Chi? = 26.80, df = 8 (P = 0.0008); I = 70%
Test for overall effect: Z=2.30 (P =

0.001 0.1 1 10 1000

0.02) Favours [experimental] Favours [control]

Figure 18. Forest plot for adverse events (CI, confidence interval).

Twenty-one articles were excluded from the meta-analysis of TTO because they
did not include a control group (Table 5) [5,58-78]. For reattachment osteotomy, most
authors used cerclage wires [56,64,67-70,73-75,77], the second most common type of
fixation were screws [62,63,65,66,70,71,76] and only two studies reported suture re-
pair [72,78]. TTO approach was applied in both primary TKA, for knees with severe
valgus deformity [69,73,76,77], patella disease [62,65,74] or revision surgery (aseptic or
septic) [63-68,70-73,75,78]. Eight studies presented 100% bone healing after osteotomy at
the last follow-up [62,65,66,70,71,77,78], another nine reported cases of malunion, how-
ever single cases were mentioned (1-4 patients) [64,67-69,72-76]. Clinical and functional
outcomes presented in articles improved significantly from baseline scores.

Abbas et al., in a study that included 159 patients, observed no complication of extensor
mechanism after revision TKA [78]. Young et al., in both revision and primary TKA,
showed improvement in KSS (p < 0.0001) and ROM. However, six patients had persistent
extensor lag, and two sustained extensor mechanism disruption [73]. Moreover, Le Moulec
showed a significantly increased ROM (p < 0.0001) after Chevron osteotomy in revision
TKA [75]. Furthermore, Chalidis et al. (p < 0.001) [70] and Biggi et al. (p < 0.0001) reported
increases in KSS and the VAS scale. There was also one extension lag and three cases with
flexion lag [71]. Another retrospective study of non-correctable valgus deformity presented
significant improvements in knee extension (p = 0.002), flexion (p = 0.006), KSS (p = 0.001),
and WOMAC (p = 0.001) [70]. In a study with two-stage revision of periprosthetic infection,
KSS and ROM significantly increased, but there were 10 reinfections [68]. Punwar et al.,
after two-stage revision, showed 14 of 16 infections eradicated with no extensor lag and
improvement in the ROM and Oxford Knee Score [66]. Apostopoulos et al. showed
improvement in the International Knee Society Score (p < 0.05) and correction of axis
deviation (average 23 degree). The post-operation angle between the mechanical and
anatomical axis ranged from 2 to 7 degrees in 22 patients [77]. Eid et al. presented a
correction of valgus deformity and knee stiffness in patients with rheumatoid arthritis,
with improvement in their HSS score (p < 0.0001) [76]. Vives-Barquiel performed TTO
for treatment stiffness after TKA with patella baja. A significant improvement in KSS,
WOMAC, and VAS was noted [74]. Price et al. performed Fulkerson osteotomy due to
chronic patella dislocation after TKA, with an improvement in KSS and ROM in a 2-year
follow-up [62]. Moreover, Ries et al. used TTO for extensor mechanism patella realignment
for patella instability in TKA, with an increased ROM [65,67].

Another series of four cases analyzed tibial tubercle osteotomy in TKA; three of
them, as an approach in revision or primary total knee arthroplasty [58,59], presented
with severe intra-articular contracture [60]. Bruce et al. used three cerclage wires for
reattachment of osteotomy and observed fixed flexion deformity in three cases. No severe
complications were noted; however, there was one instance of radiographic evidence
of proximal migration of osteotomy, but with no symptoms [58]. Moreover, Maruyama
reported no complications in a 2-year follow-up after surgery. Cortical or cancellous
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screws were used to reattach the osteotomy [59]. One patient was treated with TTO after
multifocal limb reconstruction with 45 degrees of varus deformity. Fibular and closing-
wedge osteotomies were also performed [60]. On the other hand, Nakajima et al. described
TTO for the treatment of patellar subluxation after TKA. After Elmslie-Trillat procedures
and extensive lateral release after a 1-year follow-up, they observed good outcomes (no
complaints regarding the knee pain, and a ROM of 0-120), along with no further patellar
dislocations (no maltracking or subluxation) [61].

3.5. Tibial Shaft Osteotomy

Five case studies, including two prospective [79,80] and two retrospective [81,82]
studies, presented TKA with tibia shaft osteotomy (Table 6) [79-87]. Three cases presented
closing-wedge osteotomy [83,84,86], and two cases presented open-wedge osteotomy [85,87].
Grzelecki et al. described osteotomy in patients with multiaxial deformity in the course
of multiple hereditary osteochondromas. They used semi-constrained condylar knee
prosthesis with long stems, presenting a significant increase in KSS clinical and functional
scores after 1 year of follow-up [83]. Shibano et al. showed significant improvement
in KSS clinical and functional scores in a 2-year follow-up after semi-constrained TKA
with long stems for treatment of a patient with valgus knee deformity after HTO [86].
Hosokawa et al. had a patient with malunion after tibial plateau fractures. A long-stem
tibia TKA implant with a one-third tubular plate was used for the correction. The plate
had to be removed at 17 months due to infection, but with no further complications. After
2 years, they observed no pain, full bone union, and a ROM of 0-125° [84]. Ucan et al.
presented a case of spontaneous osteonecrosis of the varus knee treated by unicondylar
knee replacement with biplanar ascending proximal osteotomy. At the 5-year follow-
up, the Oxford scale, as well as the IKDC, increased significantly [87]. The final case
presented complications after an input press-fit extension stem in a patient with a varus
knee after closed fracture. After 5 months, osteomyelitis occurred, and the patient needed
two-stage reimplantation with the Illizarov technique. After 2 years, a callus bridge was
observed [85]. Three studies of 48 patients showed good results for treated patients with
tibia deformity [79-81]. Catonne et al., in a 9-year follow-up, observed a significantly
increased IKS score (p < 0.0001) and ROM. They used a long-stemmed posterior stabilized
tibial implant with a screw, plate, or staple for osteotomy fixation for 13 and 10 cases of
open- and closed-wedge osteotomy, respectively [79]. Two studies showed a significant
increase in the clinical and functional knee score (p < 0.05) after TKA with HTO [80,81].
One study presented seven patients with recurrent patellar dislocation and severe external
tibial torsion (>45 degrees). Ramaswamy et al. used a posterior stabilized, stemmed tibial
component and two AO cancellous screws and washers. In a 47-month follow-up, they
showed significant improvement in the KSS clinical and functional score (p = 0.0001),
Q-angle (p = 0.002), and mean arc of flexion (p < 0.0001) [82].

3.6. Risk of Bias

A majority of the studies had a high risk of bias overall. The odds ratio, test for overall
effect, and heterogeneity were not estimable for pooled studies. Only one study was in
low risk of bias for all applicable domains [48]; two studies had only one high risk of
bias [49,52]. In another seven studies, we saw increased risk of bias: they had two in the
low-risk domain and four with a high risk of bias [37,38,47,51,54,55,57]. One study had
an equal risk of bias, 3 in high and 3 in low risk [36]; and some studies had a high risk of
bias [46,50,53,56,88-94] (Figure 19).
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Table 5. Tibial tubercle osteotomy around TKA.
Author Year  Study Design No'. of Follow-Up Clinical Outcomes Radiological Complications Fixation LOE
Patients Outcomes
. } Time to union (11 6 proximal migration, .
Abbas [78] 2016  retrospective 159 22 months weeks) 100% 11 fragmentation Ethibond suture v
KSS (44 to 91); 1 proximal migration, 1 3 wire loops
Apostolopoulos [77] 2010  prospective 24 11.5 years / Valgus (23 to 5.5) deep venous thrombosis, (2 patients v
ROM (96 to 110); .
7 hematoma 2 cortical screw)
. KSS (77 to 117); arc of motion Luque
Barrack [46] 1998  prospective 15 30 months (73 to 81) X-ray none wires,/screws I
Full-length
Di Benedetto [47] 2020  prospective 23 21.5months  KSS (86.4); ROM (99.1) weightbearing 1 reinfection; AO laces I
radiographs
KSS (40.7t0 75); Bone healin 45?11;2;};;?:‘;;;2”;0? “ 3.5mm
Biggi [71] 2018  retrospective 79 7.4 years ROM (78.7 to 95); & peripros S v
2.4 months 1 extension lag, cortical screws
VAS (7.9 to 3.8) .
3 flexion lag
Union (8 weeks . . . .
. HSS (43.6 to 79.2); . 3 fixed flexion deformity; 3 cerclage wires
Bruce [58] 2000 prospective ? 3 years ROM (59.5 to 78) proximal; 2 proximal migration (1 patient 3 screws) v
’ 24 weeks distal) P & p
two stage Revision
Bruni [48] 2013  prospective 81 12 years KSS (1.1 to 88), ROM (113), X-ray 1 Deep venous TKA, fixation I
extension lag (5 to 0) thrombosis . .
with wires
Union 15 weeke) 3 ybien promalpart
ROM (80 to 95); arc of motion ~ Healing ‘P 5 ) ’ . .
(60 to 95); extensor lag extramedullary 1 displacement; Bicortical
Chalidis [70] 2009  retrospective 74 49 months L 1 skin necrosis; screws/Luque v
(10 to 5); flexion contracture 12 weeks, ; .
. 10 post-operation wires
(10 to 2.5) intramedullary . .
manipulation;
21 weeks

5 screws removal
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Table 5. Cont.
Author Year  Study Design NO'. of Follow-Up Clinical Outcomes Radiological Complications Fixation LOE
Patients Outcomes
Flexion-extension (7-85.6 to Poor wound healing,
1.87-106.75); ROM (78.8 to FTA (11t0 3.75); all ~ subsequent breakdown,
Chalidis [69] 2014  retrospective 53 39 months 104.88); KSS (40 to 80.4); but one united 1 non-union; 1 infection; Wire fixation v
KSF (35 to 65); 16.7 weeks 1 proximal tibia
WOMAC (43.54 to 17.52) stress fracture
1 non-union of avulsion
Union 11 weeks Ist g?gg’zr;ﬁip;\?:llgjﬁl 3-5 wires
Choi [68] 2012  retorspective 36 57 months ROM (40 to 92); KSS (47 to stage, 21 weeks ch.l fracture; 2 arthrofibrosis; (3 patients 2 wires + IV
82); KSF (9 to 72) stage; Insall-Salvati i
1 tibial shaft 2 cancellous screws)
(1.18 to 1.08)
fracture;10 recurrent
infections
. KSS (85); HSS (83); ROM Union 11.8 weeks; 3.5 mm
Chun [57] 2019 retrospective 31 5.2 years (101); flexion contracture (4) FTA (0.1); IS (0.8) none half-threated screws 1
. . Union 21/23 in 4.5 1 deep venous . .
Eid [76] 2016  prospective 20 2.5 years HSS (46 to 85) months thrombosis; 2 nonunion 3 bicortical screws v
Fletcher [60] 2015  case 1 3 months ROM (0/5/105) Union 3 months none screw v
VAS (9.6), WOMAC (47.2 to .
Hay [49] 2010  prospective 32 2 years 3.9), KSS (~80); X-ray :ﬂ;iilslp tl a;efler;t od 2 >;ti3.51mrrn I
flexion (110.7 to 121.9) al tubeteuie, cortical screws
Total knee
KSS (50 to 93), KSF (53 to 89); igzgiozfst};a hic 1 tibial plateau fracture, 2
Hirschmann [50] 2010  prospective 76 2 years VAS (6.9 to 0.9); evalui tiongan}zl secondarily displaced 2 screws I
ROM (112 to 118) . tibial tubercule
scoring system
(TKA-RESS)
WOMAC 55 1.5, 15 ol e
Langen [51] 2015  retrospective 106 12 months (45.3 to0 90), KSF (58.6 t077.2); TFA (165.7 to 174.3) anterior tibial plateat 2 screws I
ROM (111.9 to 115.9) P ’

soft tissue revision
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Table 5. Cont.
Author Year  Study Design NO'. of Follow-Up Clinical Outcomes Radiological Complications Fixation LOE
Patients Outcomes
Maruyama [59] 1996  case 3 2 years ROM Union (6 months) none sC(jizac:I/cancellous v
Mendes [67] 2004  retrospective 64 30 months  KSS (86) Union (62/67) 2 nonunion; 2 extensor  Wires/wires + v
lag, 1 tibial fracture Screws
. KSS (49.5 to 76.9); KSF (40.1 Union 59/63 (16.9 L .
Le Moulec [75] 2014 retrospective 65 27.8 months to 58.6); ROM (87.8 to 103.7) months) 4 fragment migration Cable wire v
.. ) FTA (179 to 171); Q
Nakajima [61] 2010  case 1 1 year angle (7.5 to 3.8); None 2 cancellous srews v
KSS (38.5 to 89.5), Anatomical axis 1 migration of tibial 2 wires loop. in
Nikolopoulos [52] 2011  prospective 22 7 years KSF (37.5 to 80); VAS (4 t0 9), (23.5 to 5) tubercule, 1 deep venus 2 patients 2p ;CI'EWS
ROM (75 to 110) : thrombosis P
. . KSS (44 to 91); KSF (54 to 74), Blackburne-Peel 2 deep infection, 11 tibial
Piedade [53] 2008  prospective 126 31.8 months ROM (114 to 118) (0.8t00.7) plateau fractures, 2 screws v
. . KSS (70.5 to 85); .
Price [62] 2009  retrospective 5 29.7 months ROM (93 to 101) X-ray cellulitis 4.5 lag screws v
. ROM (85 to 95), 3 2 proximal migration, 2 . .
Punwar [66] 2016  retrospective 38 2 years OKS (16 to 29) X-ray reinfection Bicortical screw v
Ries [65] 1996  retrospective 29 18 months - X-ray ! t.1b1a1 t u.berFIe frac.ture; ! Titanium screws v
spiral tibia dipahysis
Schiapparelli [54] 2017  prospective 38 ~3 years none FT axis (0.04) Not reported - I
KSS (59 to 78); KSF (51 to 70); 2 non-union: Stainless steel
Segur [64] 2014  retrospective 26 3.4 years WOMAC (55 to 88); Union 22/26 . - wires/ethinbond v
3 reinfections
ROM (90 to 95) suture
KSS (93.4 to 126.2); HSS (42.2 .
2 partial patellar tendon
. to 71); WOMAC (56.3 to 38.4); FTA (0.7 to 0.1); . . .
Sun [55] 2014  prospective 27 50.9 months flexion contracture 1S (0.62 to 0.8) avulsion; 1 periprosthetic 2 screws I

(13.2 to 3.8); ROM (94.1)

deep infection
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Table 5. Cont.
Author Year  Study Design NO'. of Follow-Up Clinical Outcomes Radiological Complications Fixation LOE
Patients Outcomes
KSS (57.5 to 84); Jacquot index 1 nondisplaced tibia
Tabutin [63] 2011 retrospective 20 54 months KSF (42.6 to 65); © 1C18 t0 0.33) fracture; 2 stress fracture; 2 screws v
ROM (73 to 88) ’ ’ 1 stiffness; 1 skin necrosis
Vandeputte [56] 2017  retrospective 13 2 years KSS (73.73); KSF (53.46) IS, BP ratio none Screws/wire v
ROM (70 to 100); BP (0.3 to 0.4);
Vives-Barquiel [74] 2015  retrospective 21 35 months KSS (40 to 80); KSF (58 to 88); Portner angle 3 lack of consolidation Cerclage wire v
WOMAC (60 to 31) (9to 12)
. KSS (73 to 124) . .
Young [73] 2008  retrospective 42 8 years ROM (8-74 to 4-91) Union 14 weeks 2 patella fracture Luque wires v
. KSS (52.1); KSF (47.3); . 1 TTO fracture; 5 tibial
Zonnenberg [72] 2014  retrospective 23 16.1 months SF-36 (38) Union plateau fractures Absorbable sutures IV

LOE—Ievel of evidence; ROM—range of movement; VAS—visual analog scale, WOMAC—Western Ontario and McMaster Universities Osteoarthritis Index, KSS—Knee Society Score,
KSF—Knee Society Score functional score, OKS—Oxford knee scale, HSS—Hospital for Special Surgery knee rating scale, FTA—femorotibial angle, HKA—hip—knee-ankle angle,

Kujala—patellofemoral score, MAD—mechanical axis deviation, TT—tibial tubercle.
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Table 6. Tibial shaft osteotomy around TKA.
Author Year  Study Design NO'. of Follow-Up Clinical Outcomes Radiological Complications Fixation LOE
Patients Outcomes
1 deep vein thrombosis;
. KSS (28.5 to 84); HKA (180); 4 secondary fracture line;
Catonne [79] 2019 prospective 25 9 years ROM (98 to 107) TMA (74 to 89) 2 haematoma; 1 necrosis and Screw/staple/plate IV
infection; 1 extension lag
. KSS (80); KSF (75); . )

Grzelecki [83] 2020  case 1 1 year ROM (0-110) union none v

Hosokawa [84] 2017  case 1 2 years ROM (0-125) union none - v

Ishida [85] 2011 case 1 2 years - X-ray Thermal necrosis - v

. . KSS (47.1 to 60.7); mFTA (161.7 to 4 tibial plateau fractures; _
Madelaine [81] 2014  retrospective 12 78 months KSF (45.1 to 72.3) 175.8) 2 nonunion Tibial base palte v
. KSS (28 to 80.6); KSF

Radke [80] 2002  prospective 10 2.5 years (46,5 to 76) 1S (1.3) none screw v

Ramaswam KSS(29.7t0 71.4); Q angle Cancellous screws

[82] y 2009  retrospective 8 47.2 months KSF (41.5 to 73.5); 29 6gto 17.1) 1 flexion cantracture and washers v
ROM (76.5 to 104.5) ’ ’
KSS (13 to 73);

Shibano [86] 2020  case 1 2 years KSF (30 to 65); FTA (135 to 178) none - v
ROM (0-90)

Ucan [87] 2021  case 1 5 years OKS (18 to 38); X-ray none tomofix v

IKDC (19.2 to 52.9);

LOE—Ievel of evidence; ROM—range of movement, KSS—Knee Society Score, KSF—Knee Society Score functional score, OKS—oxford knee scale, FTA—femorotibial angle,

HKA—hip-knee-ankle angle, TT—tibial tubercle.
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Figure 19. Risk of bias analysis for osteotomy around a knee.

4. Discussion

The purpose of our systematic review and meta-analysis was to evaluate the clinical,
functional, and radiological results, as well as complication rates in TKA with the use of
osteotomy simultaneously to optimize treatment effect. Osteotomies performed around
the knee are technically challenging, but, in some cases, they are worthy procedures to
consider. It may be the only option for treatment of extra-articular deformities and restoring
proper alignment during TKA. The most important finding in this review is the utility of
osteotomies in TKA. Every subgroup showed increases in functional and clinical outcomes.
These outcomes were presented on various scales and scores (Table 7). Many authors used
KSS/KSF and ROM. These scores are well-known, validated, and popular, especially for
patients after TKA. ROM is a good reflection of post-surgery knee function. There is still a
lack of RCTs in this topic, so the included studies are of low quality. Most of them have no
control group, are retrospective, or are case series in nature.

Table 7. Quantity of scores in subgroups.

Flexion

KSS KSF ROM C VAS Kujala IKDC OKS HSS WOMAC
ontracture

Distal femoral osteotomy 3 3 8 1 1 1 1

Lateral condyle femoral osteotomy | 5 3 3 2 1

Medial condyle femoral osteotomy | 3 5 6 4 1 2 1

Medial tibial reduction osteotomy | 2 2 1 1 1

Tibial tubercle osteotomy 23 12 24 3 4 1 4 6

Tibial shaft osteotomy 6 5 5 1 1

Total 42 30 47 9 4 1 1 6 8 8

ROM—range of movement, VAS—visual analog scale, WOMAC—Western Ontario and McMaster Universi-
ties Osteoarthritis Index, KSS—Knee Society Score, KSF—Knee Society Score functional score, AKSS—Knee
Society Score activity score, OKS—oxford knee scale, HSS—Hospital for Special Surgery knee rating scale,
Kujala—patellofemoral score.
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All articles were finally split into six subgroups of osteotomy—femoral or tibial shaft,
lateral or medial femoral condyle, medial tibial reduction, and tibial tubercule. The main
criterion was the type of osteotomy. The extracted data allowed for the performance of a
meta-analysis for only two—TTO and Medial femoral condyle osteotomy—among them.
The TTO subgroup in the meta-analysis consisted of 590 patients, with a mean of 49 patients
ranging from 13 to 126 patients. In every forest plot diagram, except one—VAS—the study
with the biggest number of patients in the presented outcomes had the most important
weighting. Langen et al. [51] had 106 patients included in the study in five main results
(ROM, KSS, WOMAUC, KSF, and FTA) with a mean weight of 50,34. Piedade et al. [53], who
compared 126 patients in two outcomes (KSF and adverse events), had a mean weight
of 46.35. Thus, in the future, we suggest performing more RCTs with a minimum of
100 patients in the control group in order to validate tibial tubercle osteotomy techniques in
TKA. Additionally, those studies should be well designed and consistent, with a minimum
of three scales or scores to effectively analyze the final results, according to the paper by
Langen et al. [51], which was the most valuable due to multiple outcomes. However, such
group sizes may not be possible in other subgroups. Medial and lateral side osteotomies
include around 250 patients in every subgroup: a mean of 29 for lateral epicondyle femoral
osteotomy, 44 for medial epicondyle femoral osteotomy, and 55 for medjial tibial reduction
osteotomy. We suggest a minimum sample size of 50 patients to validate those osteotomy
techniques and with a heterogeneity of scales for presenting outcomes. Most cases consist
of both tibial and femoral shaft osteotomies—five of eight in femoral osteotomy, and five of
nine in tibial osteotomy. In those subgroups, even smaller sample sizes and well-designed
RCTs could generate preliminary results. All studies were assessed by risk of bias. Further
research with lower risk of bias is needed.

The most frequent type of osteotomy around TKA was TTO. Our review included
33 studies with 1382 patients. The results are promising for the pooled studies in the
meta-analysis and the studies in the narrative review—increased from baseline clinical and
functional scores when compared with control groups for both primary and revision TKA.
Most of the studies described TTO as an approach for stiff knee or in revision TKA; only
a few were treated for patella dislocation. Various outcome scores were used, including
KSS, VAS, WOMAC, HSS, and OKS. None of the studies compared different types of
fixations. The complication rate was significantly higher for the TTO group compared with
the control group. In our opinion, more RCTs are needed. Future authors should consider
a comparison of different types of fixations and aim to define the method with the lowest
number of unwanted events—malunion, proximal distraction, reinfection, or fractures.
More studies are also needed for the management of patella dislocation in TKA, both in
primary and revision TKA.

Zonnenberg et al. performed a review of the literature in 2010 concerning TTO
in primary and revision TKA evaluating clinical results and complications rates. Meta-
analysis was not possible for them, because of different outcomes measures and inclusion
criteria, as well as varied definitions of complication between authors. Their study included
823 knees [95]. After over 10 years of publishing, this number has increased—our study
included 1382 knees, and the number of patients ranged from 1 to 159. They recommend
standardized surgical techniques: the use of osteotome, except oscillation saw, cerclage
wires rather than screws, and perform medial TTP with periosteal flap of 4-8 cm length [95].
In our opinion, there is still a strong need for RTC to clearly state recommendations in both
primary and revision procedures, as well as septic and aseptic TKA.

In a systematic review performed by Divano et al., the authors tried to find the
answer for two questions: How can TTO improve clinical outcomes? What is the safety
and the rate of complications of TTO? First of all, TTO achieves satisfactory clinical and
radiological results and improved exposure when it is not possible to retract the patella in
90 degrees. They suggest using TTO in primary TKA in two cases: rtheumatoid arthritis
and severe valgus deformity. The most common complications that should be considered
are instability, loosening, malalignment, wound healing problem, postoperative motion
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deficit, patella stress fracture, and patella tracking problems. They conclude that most
studies showed a reduction in the rate of these complications. They also noted that the use
of TTO in revision TKA did not statistically influence the outcomes. Moreover, in two-stage
revision, TKA provides superior clinical outcomes compared to other approaches. They
also concluded, 8 years later than the Zonnenberg review, that there is still a need for longer
studies with a larger group of patients [96]. Chalidis et al., in another review, considered
TTO union as the primary outcome. They reported a 98.1% union rate—only 9 from
593 TTOs included in the analysis were not healed. Another complication was proximal
migration—6.9%, 0.5% intraoperative tibial fracture, 1.7% proximal avulsion fracture, and
0.8% metaphyseal tibial fracture. Secondary outcomes were increased: ROM increased
from 73.4 to 97, and knee flexion increased from 82.9 to 100.1. Only 27 patients required
manipulation under anesthesia because of stiffness (4.6%). They recommend the usage of
TTO, but also concluded that there is a strong need for RCT to standardize the protocol of
performing TTO [97].

Our study confirmed all previous results, but there is still a lack of good-quality
randomized prospective trials comparing TTO with different control groups and trying
to find the proper answer about which technique is better. Screws, cerclage wires, or just
sutures? We still require guidelines for rehabilitation protocols. There are also only a few
studies concerning patella maltracking in primary and revision TKA.

On the other hand, Baldini et al., in their study review, analyzed deformities around
the knee in TKA: patients with many previous incisions, severe coronal deformity, genu
recurvatum, stiff knee, extraarticular deformities, post-tibial or -femoral osteotomy, and
neglected patellar dislocation. Some parts of the review also concerned osteotomies and
made similar conclusions to our review. Deformities of distal femur or proximal tibia may
require simultaneously corrective osteotomy with TKA to restore proper alignment. Before
the procedure, the surgeon should consider intra-articular or extra-articular correction, the
method of fixation (plate, intramedullary nail), and new techniques (computer assisted
surgery) [98]. Femoral or tibial shaft osteotomies, as an addition for TKA procedures, are
technically demanding but could be very useful, mostly for patients with extra-articular
deformities, to achieve better outcomes. Our study showed, both for tibia and femur, that
simultaneous correction of bone deformities leads to a significant increase in clinical and
functional outcomes; however, there is a lack of studies concerning this problem and RCT,
probably due to a low number of patients with severe extra-articular deformities. Besides
this, proper guidelines after well-designed studies will be useful in managing those patients
in the future.

Varus and valgus knees are very common, and surgeons should consider whether
a standard TKA procedure will be sufficient to restore alignment. Good preoperative
planning, including radiological and clinical tests, is necessary to assess collateral ligament
efficiency. Correcting valgus knee deformity >1st grade (>10 degrees) is a technically
challenging procedure because of stretch medial collateral structures and contracted lateral
complex (iliotibial band, posterolateral capsule, lateral collateral ligament, and popliteus
tendon). To achieve good clinical outcomes, well-balanced knee replacement is necessary.
Soft tissue balancing may be insufficient in severe deformity. If deformity cannot be cor-
rected, other procedures should be considered, such as correction osteotomies. Our review
showed that lateral femoral condyle osteotomy is a good option with improved outcomes
in the last follow-up. Moreover, medial epicondylar osteotomy is a good alternative method
for pathologic contracture of medial soft tissue for both varus and valgus deformities. This
procedure is technically simple and does not cause massive damage. However, differences
for studies included in meta-analysis were not significantly in favor of the experimental
group, but overall, prospective and retrospective studies about this type of osteotomy
presented improved clinical and functional outcomes compared to preoperative. In addi-
tion, medial tibial reduction could be applied for the correction of varus knee in TKA. We
conclude that there is also a strong need for more well-designed studies.
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Tibial or femoral shaft osteotomies are quite rare. They are performed only in severe
extra-articular deformities for proper correction and to restore alignment. Posttraumatic
malformation or complications after surgery, such as nonunion or overcorrection, are
the main causes of additional shaft osteotomy in TKA. As mentioned before, half of the
presented studies were cases, but still both subgroups presented improved outcomes. RCTs
with large groups of patients may be impossible to arrange. However, even retrospective
or prospective studies with a small group of patients could confirm the adequacy of
tibial /femoral shaft osteotomy with TKA.

Some studies also presented outcomes in X-rays, measuring specific angles after restor-
ing alignment and patella ratios. For future studies, we strongly recommend measuring
patients pre- and postoperatively, according to Paley et al. An analysis of those surveys and
comparison with control groups could provide additional information concerning what
advantages come from every kind of osteotomy and how even small corrections could
improve outcomes.

4.1. Strengths

Our major strength is the inclusion of all kinds of osteotomies performed around the
knee, in addition to TKA, as well as no timeframes for searching in databases. We also
summarized the main information from studies in tables in order to make it easy to find
any needed materials. Our study included more studies than any previous review. The
results are quite promising and give direction for future studies.

4.2. Limitations

The main limitation of this review is the insufficiency in the number of RCTs. Only
two subgroups could be included in the meta-analysis. Most of them also presented out-
comes on different scales and scores, and the studies included have low quality. There are
also many case series, and many trials had no control group, in addition to being retrospec-
tive. Twelve studies with a few domains at a high risk of bias could have influenced the
final results. We also included only English language articles; however, only 12 articles
were excluded due to this criterion.

5. Conclusions

Osteotomies performed around the knee simultaneously with TKA are useful and, in
some cases, indispensable to restore proper lower extremity alignment. They should be
well planned before surgery, according to the principles of deformity correction. Clinical,
functional, and radiological outcomes improve when compared to the baseline and control
groups; however, multiple RCTs should be performed before we are able to state a clear
indication for osteotomy concomitant with TKA. This is a procedure that would create a
significant difference in outcomes in favor of the osteotomy groups.

Author Contributions: Conceptualization, R.K,; data curation, E.T., K.K., and R K.; formal analysis,
R.K.; funding acquisition, R.K. and S.P;; investigation E.T. and K.K.; methodology, R.K. and S.P.;
project administration, E.T. and K.K.; resources, R.K.; software, R.K.; supervision, R.K. and S.P;
validation, R.K.; visualization, R K.; writing—original draft, E.T. and R.K.; writing—review and
editing, RK,, E.T.,, KK. and S.P. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by the Centre of Postgraduate Medical Education Grant, grant
number 501-1-007-18-22.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.



Life 2022, 12, 1120 26 of 29

References

1. Kehr, P. Lobenhoffer Philipp (Ed.): Osteotomies around the Knee. Indications: Planning: Surgical Techniques Using Plate Fixators.
Hardcover. Ur. |. Orthop. Surg. Traumatol. 2010, 20, 515. [CrossRef]

2. Griffiths, D.L.; Brockbank, W. Orthopaedic Surgery in the 16. and 17. Centuries; Traction Apparatus; the Vidian Pictures. |. Bone
Jt. Surg. Br. 1949, 31, 313-317. [CrossRef]

3. Ahlberg, A.; Scham, S.; Unander-Scharin, L. Osteotomy in Degenerative and Rheumatoid Arthritis of the Knee Joint. Acta Orthop.
Scand. 1968, 39, 379-386. [CrossRef] [PubMed]

4. Watanabe, Y.; Takenaka, N.; Kinugasa, K.; Matsushita, T.; Teramoto, T. Intra- and Extra-Articular Deformity of Lower Limb: Tibial
Condylar Valgus Osteotomy (TCVO) and Distal Tibial Oblique Osteotomy (DTOO) for Reconstruction of Joint Congruency. Adv.
Orthop. 2019, 2019, 1-9. [CrossRef] [PubMed]

5. Paley, D. Principles of Deformity Correction; Springer: Berlin/Heidelberg, Germany, 2002; ISBN 978-3-642-63953-1.

6.  Sculco, PK,; Kahlenberg, C.A.; Fragomen, A.T.; Rozbruch, S.R. Management of Extra-Articular Deformity in the Setting of Total
Knee Arthroplasty. ]. Am. Acad. Orthop. Surg. 2019, 27, e819-e830. [CrossRef]

7. Smith, ].O.; Wilson, A.J.; Thomas, N.P. Osteotomy around the Knee: Evolution, Principles and Results. Knee Surg. Sports Traumatol.
Arthrosc. 2013, 21, 3-22. [CrossRef]

8.  King, A.; Wall, O. Osteotomies around the Knee. Orthop. Trauma 2014, 28, 388-395. [CrossRef]

9.  Ogino, T.; Kumagai, K.; Yamada, S.; Akamatsu, T.; Nejima, S.; Sotozawa, M.; Inaba, Y. Relationship between the Bony Correction
Angle and Mechanical Axis Change and Their Differences between Closed and Open Wedge High Tibial Osteotomy. BMC
Musculoskelet. Disord. 2020, 21, 675. [CrossRef]

10. Dickschas, J.; Staubli, A.; Harrer, J. Kniegelenknahe Korrekturosteotomien. Z. Orthop. Unf. 2019, 157, 203-218. [CrossRef]
[PubMed]

11. Grimm, N.L.; Lazarides, A.L.; Amendola, A. Tibial Tubercle Osteotomies: A Review of a Treatment for Recurrent Patellar
Instability. Curr. Rev. Musculoskelet. Med. 2018, 11, 266-271. [CrossRef] [PubMed]

12.  Brinkman, J.-M.; Rutten, B.; van Heerwaarden, R. Total Knee Arthroplasty in Combination with Osteotomies around the Knee.
J. Knee Surg. 2017, 30, 774-783. [CrossRef] [PubMed]

13. Page, M.J.; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. The PRISMA 2020 Statement: An Updated Guideline for Reporting Systematic Reviews. BMJ 2021, 10, 1-11.
[CrossRef]

14. OCEBM Levels of Evidence Working Group Oxford Centre for Evidence-Based Medicine 2011 Levels of Evidence. Oxf. Cent.
Evid.-Based Med. Available online: https://www.cebm.net/index.aspx?0=5653 (accessed on 30 May 2022).

15. Luo, D.; Wan, X.; Liu, J.; Tong, T. Optimally Estimating the Sample Mean from the Sample Size, Median, Mid-Range, and/or
Mid-Quartile Range. Stat. Methods Med. Res. 2018, 27, 1785-1805. [CrossRef]

16. Wan, X.; Wang, W.; Liu, ].; Tong, T. Estimating the Sample Mean and Standard Deviation from the Sample Size, Median, Range
and/or Interquartile Range. BMC Med. Res. Methodol. 2014, 14, 135. [CrossRef]

17. Higgins, J.; Thomas, J.; Chandler, J.; Cumpston, M.; Li, T.; Page, M.; Welch, V. Cochrane Handbook for Systematic Reviews of In-
terventions Version 6.0 (Updated July 2019). Available online: www.training.cochrane.org/handbook (accessed on 27 May 2022).

18. R Core Team. A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria;
Available online: http://www.R-project.org/ (accessed on 30 May 2022).

19. Catonné, Y.; Khiami, F; Sariali, E.; Ettori, M.-A.; Delattre, O.; Tillie, B. Same-Stage Total Knee Arthroplasty and Osteotomy for
Osteoarthritis with Extra-Articular Deformity. Part II: Femoral Osteotomy, Prospective Study of 6 Cases. Orthop. Traumatol. Surg.
Res. 2019, 105, 1055-1060. [CrossRef]

20. Osma Rueda, J.L.; Oliveros Vargas, A.; Sosa, C.D. Supracondylar Femoral Osteotomy and Knee Joint Replacement during the
Same Surgical Procedure in a Type A Haemophiliac Patient with Knee Flexion Deformity and Ankylosis. Knee 2017, 24, 477-481.
[CrossRef] [PubMed]

21. Fan, C.H.J. One-Stage Femoral Osteotomy and Computer-Assisted Navigation Total Knee Arthroplasty for Osteoarthritis in a
Patient with Femoral Subtrochanteric Fracture Malunion. Case Rep. Orthop. 2014, 2014, 1-4. [CrossRef] [PubMed]

22.  Sun,].;Zhang, G.; Shen, ].; Du, Y,; Li, T.; Geng, Z.; Zhou, Y.; Wang, Y. Single-Stage Total Knee Arthroplasty and Femoral Osteotomy
for Osteoarthritis with Severe Supracondylar Deformity. J. Orthop. Surg. 2021, 16, 149. [CrossRef]

23. Saito, H.; Saito, K.; Shimada, Y.; Yamamura, T.; Sato, T.; Nozaka, K.; Kijima, H.; Fujii, M.; Kawano, T.; Miyakoshi, N. Successful
Treatment of a Habitual Patellar Dislocation after a Total Knee Arthroplasty with a Closing-Wedge Distal Femoral Varus
Osteotomy and Medial Patello-Femoral Ligament Reconstruction. J. Exp. Orthop. 2020, 7, 63. [CrossRef]

24. Merz, M.K,; Farid, Y.R. Anterior Distal Femoral Osteotomy for Removal of Long Femoral Stems in Revision Knee Arthroplasty.
J. Arthroplast. 2014, 29, 1423-1425. [CrossRef]

25.  Lonner, ].H,; Siliski, ].M.; Lotke, P.A. Simultaneous Femoral Osteotomy and Total Knee Arthroplasty for Treatment of Osteoarthritis
Associated with Severe Extra-Articular Deformity*. J. Bone Jt. Surg. Am. Vol. 2000, 82, 342-348. [CrossRef] [PubMed]

26. Walter, S.G.; Schwering, T.; Preiss, S. Two-Staged Bilateral, Femoral Alignment Osteotomy with Concomitant Total Knee
Arthroplasty in an Achondroplasia Patient—A Case Report. J. Orthop. Case Rep. 2017, 7, 33-36. [CrossRef] [PubMed]

27. Kitchen, B.; Sanchez, H.B.; Wagner, R.A. Shortening Femoral Osteotomy with Stemmed Resurfacing Total Knee Arthroplasty for

Severe Flexion Contracture in Juvenile Rheumatoid Arthritis. J. Orthop. 2015, 12, 118-121. [CrossRef] [PubMed]


http://doi.org/10.1007/s00590-010-0617-5
http://doi.org/10.1302/0301-620X.31B2.313
http://doi.org/10.3109/17453676808989473
http://www.ncbi.nlm.nih.gov/pubmed/5730315
http://doi.org/10.1155/2019/8605674
http://www.ncbi.nlm.nih.gov/pubmed/30906598
http://doi.org/10.5435/JAAOS-D-18-00361
http://doi.org/10.1007/s00167-012-2206-0
http://doi.org/10.1016/j.mporth.2014.07.003
http://doi.org/10.1186/s12891-020-03703-6
http://doi.org/10.1055/a-0582-8040
http://www.ncbi.nlm.nih.gov/pubmed/30986879
http://doi.org/10.1007/s12178-018-9482-3
http://www.ncbi.nlm.nih.gov/pubmed/29721692
http://doi.org/10.1055/s-0037-1606266
http://www.ncbi.nlm.nih.gov/pubmed/28854444
http://doi.org/10.1136/bmj.n71
https://www.cebm.net/index.aspx?o=5653
http://doi.org/10.1177/0962280216669183
http://doi.org/10.1186/1471-2288-14-135
www.training.cochrane.org/handbook
http://www.R-project.org/
http://doi.org/10.1016/j.otsr.2019.04.009
http://doi.org/10.1016/j.knee.2016.11.007
http://www.ncbi.nlm.nih.gov/pubmed/27919671
http://doi.org/10.1155/2014/645927
http://www.ncbi.nlm.nih.gov/pubmed/25276454
http://doi.org/10.1186/s13018-021-02293-w
http://doi.org/10.1186/s40634-020-00281-3
http://doi.org/10.1016/j.arth.2014.01.018
http://doi.org/10.2106/00004623-200003000-00005
http://www.ncbi.nlm.nih.gov/pubmed/10724226
http://doi.org/10.13107/jocr.2250-0685.738
http://www.ncbi.nlm.nih.gov/pubmed/28819598
http://doi.org/10.1016/j.jor.2014.05.002
http://www.ncbi.nlm.nih.gov/pubmed/25972704

Life 2022, 12, 1120 27 of 29

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Hadjicostas, P.T.; Soucacos, P.N.; Thielemann, EW. Computer-Assisted Osteotomy of the Lateral Femoral Condyle with
Non-Constrained Total Knee Replacement in Severe Valgus Knees. J. Bone Jt. Surg. Br. 2008, 90, 1441-1445. [CrossRef]

Strauch, M.; von Eisenhart Rothe, R.; Graichen, H. A New Navigation-Based Technique for Lateral Distalizing Condylar
Osteotomy in Patients Undergoing Total Knee Arthroplasty with Fixed Valgus Deformity. Knee Surg. Sports Traumatol. Arthrosc.
2013, 21, 2263-2270. [CrossRef]

Brilhault, J.; Lautman, S.; Favard, L.; Burdin, P. Lateral Femoral Sliding Osteotomy: Lateral release in total knee arthroplasty for a
fixed valgus deformity. J. Bone Jt. Surg. Br. 2002, 84, 1131-1137. [CrossRef]

Li, F; Liu, N.; Li, Z.; Wood, K.B.; Tian, H. Lateral Femoral Sliding Osteotomy in Total Knee Arthroplasty with Valgus Deformity
Greater than Twenty Degrees. Int. Orthop. 2019, 43, 2511-2517. [CrossRef] [PubMed]

Scior, W.; Hilber, F.; Hofstetter, M.; Graichen, H. Short-Term and Mid-Term Results of Lateral Condyle Sliding Osteotomy in the
Treatment of Valgus Total Knee Arthroplasty: A Successful Therapy Option in Grade 2 Valgus Total Knee Arthroplasty. Knee 2018,
25,466-472. [CrossRef]

Raut, V,; Matar, H.E.; Singh, A. Satisfactory Medium-Term Outcomes with Lateral Condylar Sliver Osteotomy to Correct Valgus
Deformity in Total Knee Replacements. Knee Surg. Sports Traumatol. Arthrosc. 2020, 28, 1394-1399. [CrossRef] [PubMed]

Chen, H,; Huang, W,; Liang, X.; Hu, N.; Xu, W.; Jiang, D. Lateral Epicondylar Osteotomy for Severe Varus Deformity during Total
Knee Arthroplasty. Chin. J. Traumatol. 2015, 18, 102-105. [CrossRef]

Mou, P; Zeng, Y.; Yang, ].; Zhong, H.; Yin, S.-].; Li, R.-B. The Effectiveness of Medial Femoral Epicondyle Up-Sliding Osteotomy
to Correct Severe Valgus Deformity in Primary Total Knee Arthroplasty. |. Arthroplast. 2018, 33, 2868-2874. [CrossRef] [PubMed]
Mou, P; Zeng, Y.; Pei, F.; Zhou, Z.; Shen, B.; Kang, P,; Yang, ]. Medial Femoral Epicondyle Upsliding Osteotomy with Posterior
Stabilized Arthroplasty Provided Good Clinical Outcomes Such as Constrained Arthroplasty in Primary Total Knee Arthroplasty
with Severe Valgus Deformity. Knee Surg. Sports Traumatol. Arthrosc. 2019, 27, 2266-2275. [CrossRef] [PubMed]

Mirzatolooei, F.; Tabrizi, A.; Taleb, H.; Hashemian, M.K,; Safari, M.B. Primary Results of Medial Epicondylar Osteotomy in
Patients with Severe Bilateral Varus Knee Candidate for Total Knee Replacement. . Knee Surg. 2021, 34, 142-146. [CrossRef]
[PubMed]

Sim, J.A.; Lee, Y.S.; Kwak, ].H.; Yang, S.H.; Kim, K.H.; Lee, B.K. Comparison of Complete Distal Release of the Medial Collateral
Ligament and Medial Epicondylar Osteotomy during Ligament Balancing in Varus Knee Total Knee Arthroplasty. Clin. Orthop.
Surg. 2013, 5, 287. [CrossRef]

Mihalko, WM.; Saeki, K.; Whiteside, L.A. Effect of Medial Epicondylar Osteotomy on Soft Tissue Balancing in Total Knee
Arthroplasty. Orthopedics 2013, 36, e1353—e1357. [CrossRef]

Sim, J.A.; Na, Y.G.; Go, ].Y,; Lee, B.K. Clinical and Radiologic Evaluation of Medial Epicondylar Osteotomy for Varus Total Knee
Arthroplasty. Knee 2018, 25, 177-184. [CrossRef]

Ahn, J.H; Yang, T.Y,; Lee, ].Y. Reduction Osteotomy vs. Pie-Crust Technique as Possible Alternatives for Medial Release in Total
Knee Arthroplasty and Compared in a Prospective Randomized Controlled Trial. J. Arthroplast. 2016, 31, 1470-1475. [CrossRef]
Ahn, J.H,; Back, Y.W. Comparative Study of Two Techniques for Ligament Balancing in Total Knee Arthroplasty for Severe Varus
Knee: Medial Soft Tissue Release vs. Bony Resection of Proximal Medial Tibia. Knee Surg. Relat. Res. 2013, 25, 13-18. [CrossRef]
Krackow, K.A.; Raju, S.; Puttaswamy, M.K. Medial Over-Resection of the Tibia in Total Knee Arthroplasty for Varus Deformity
Using Computer Navigation. J. Arthroplast. 2015, 30, 766-769. [CrossRef]

Mullaji, A.B.; Shetty, G.M. Correction of Varus Deformity During TKA with Reduction Osteotomy. Clin. Orthop. 2014,
472,126-132. [CrossRef]

Niki, Y.; Harato, K.; Nagai, K.; Suda, Y.; Nakamura, M.; Matsumoto, M. Effects of Reduction Osteotomy on Gap Balancing During
Total Knee Arthroplasty for Severe Varus Deformity. J. Arthroplast. 2015, 30, 2116-2120. [CrossRef] [PubMed]

Barrack, R.L.; Smith, P.; Munn, B.; Engh, G.; Rorabeck, C. Comparison of Surgical Approaches in Total Knee Arthroplasty. Clin.
Orthop. 1998, 356, 16-21. [CrossRef] [PubMed]

Di Benedetto, P; Buttironi, M.; Giardini, P.; Mancuso, E; Cainero, V.; Causero, A. Total Knee Revision Arthroplasty: Comparison
between Tibial Tubercle Osteotomy and Quadriceps Snip Approach. Complication Rate. Acta Bio. Med. Atenei Parm. 2020,
91, 146-151. [CrossRef]

Bruni, D.; Iacono, F; Sharma, B.; Zaffagnini, S.; Marcacci, M. Tibial Tubercle Osteotomy or Quadriceps Snip in Two-Stage Revision
for Prosthetic Knee Infection? A Randomized Prospective Study. Clin. Orthop. 2013, 471, 1305-1318. [CrossRef] [PubMed]

Hay, G.C.; Kampshoff, J.; Kuster, M.S. Lateral Subvastus Approach with Osteotomy of the Tibial Tubercle for Total Knee
Replacement: A two-year prospective, randomised, blinded controlled trial. J. Bone Jt. Surg. Br. 2010, 92, 862-866. [CrossRef]
Hirschmann, M.T.; Hoffmann, M.; Krause, R.; Jenabzadeh, R.-A.; Arnold, M.P; Friederich, N.F. Anterolateral Approach with Tibial
Tubercle Osteotomy versus Standard Medial Approach for Primary Total Knee Arthroplasty: Does It Matter? BMC Musculoskelet.
Disord. 2010, 11, 167. [CrossRef]

Langen, S.; Gaber, S.; Zdravkovic, V.; Giesinger, K.; Jost, B.; Behrend, H. Lateral Subvastus Approach with Tibial Tubercle
Osteotomy for Primary Total Knee Arthroplasty: Clinical Outcome and Complications Compared to Medial Parapatellar
Approach. Eur. . Orthop. Surg. Traumatol. 2016, 26, 215-222. [CrossRef]

Nikolopoulos, D.D.; Polyzois, I.; Apostolopoulos, A.P.; Rossas, C.; Moutsios-Rentzos, A.; Michos, I.V. Total Knee Arthroplasty
in Severe Valgus Knee Deformity: Comparison of a Standard Medial Parapatellar Approach Combined with Tibial Tubercle
Osteotomy. Knee Surg. Sports Traumatol. Arthrosc. 2011, 19, 1834-1842. [CrossRef]


http://doi.org/10.1302/0301-620X.90B11.20092
http://doi.org/10.1007/s00167-012-2112-5
http://doi.org/10.1302/0301-620X.84B8.0841131
http://doi.org/10.1007/s00264-019-04295-0
http://www.ncbi.nlm.nih.gov/pubmed/30659318
http://doi.org/10.1016/j.knee.2018.03.007
http://doi.org/10.1007/s00167-019-05488-1
http://www.ncbi.nlm.nih.gov/pubmed/30887065
http://doi.org/10.1016/j.cjtee.2015.07.004
http://doi.org/10.1016/j.arth.2018.04.045
http://www.ncbi.nlm.nih.gov/pubmed/29805102
http://doi.org/10.1007/s00167-018-5292-9
http://www.ncbi.nlm.nih.gov/pubmed/30430221
http://doi.org/10.1055/s-0039-1694047
http://www.ncbi.nlm.nih.gov/pubmed/31394583
http://doi.org/10.4055/cios.2013.5.4.287
http://doi.org/10.3928/01477447-20131021-14
http://doi.org/10.1016/j.knee.2017.11.004
http://doi.org/10.1016/j.arth.2016.01.018
http://doi.org/10.5792/ksrr.2013.25.1.13
http://doi.org/10.1016/j.arth.2014.11.034
http://doi.org/10.1007/s11999-013-3077-5
http://doi.org/10.1016/j.arth.2015.06.061
http://www.ncbi.nlm.nih.gov/pubmed/26239234
http://doi.org/10.1097/00003086-199811000-00004
http://www.ncbi.nlm.nih.gov/pubmed/9917662
http://doi.org/10.23750/abm.v91i4-S.9705
http://doi.org/10.1007/s11999-012-2763-z
http://www.ncbi.nlm.nih.gov/pubmed/23283675
http://doi.org/10.1302/0301-620X.92B6.24027
http://doi.org/10.1186/1471-2474-11-167
http://doi.org/10.1007/s00590-015-1718-y
http://doi.org/10.1007/s00167-011-1474-4

Life 2022, 12, 1120 28 of 29

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Piedade, S.R.; Pinaroli, A ; Servien, E.; Neyret, P. Tibial Tubercle Osteotomy in Primary Total Knee Arthroplasty: A Safe Procedure
or Not? Knee 2008, 15, 439-446. [CrossRef]

Schiapparelli, E-F.; Amsler, F.; Hirschmann, M.T. Medial Parapatellar Approach Leads to Internal Rotation of Tibial Component
in Total Knee Arthroplasty. Knee Surg. Sports Traumatol. Arthrosc. 2018, 26, 1564-1570. [CrossRef]

Sun, Z.; Patil, A.; Song, E.-K.; Kim, H.-T.; Seon, ].-K. Comparison of Quadriceps Snip and Tibial Tubercle Osteotomy in Revision
for Infected Total Knee Arthroplasty. Int. Orthop. 2015, 39, 879-885. [CrossRef] [PubMed]

Vandeputte, F-J.; Vandenneucker, H. Proximalisation of the Tibial Tubercle Gives a Good Outcome in Patients Undergoing
Revision Total Knee Arthroplasty Who Have Pseudo Patella Baja. Bone Jt. J. 2017, 99, 912-916. [CrossRef] [PubMed]

Chun, K.-C.; Kweon, S.-H.; Nam, D.-].; Kang, H.-T.; Chun, C.-H. Tibial Tubercle Osteotomy vs the Extensile Medial Parapatellar
Approach in Revision Total Knee Arthroplasty: Is Tibial Tubercle Osteotomy a Harmful Approach? |. Arthroplast. 2019, 34,
2999-3003. [CrossRef] [PubMed]

Bruce, W.J.; Rooney, J.; Hutabarat, S.R.; Atkinson, M.C.; Goldberg, J.A.; Walsh, W.R. Exposure in Difficult Total Knee Arthroplasty
Using Coronal Tibial Tubercle Osteotomy. J. Orthop. Surg. Hong Kong 2000, 8, 61-65. [CrossRef]

Maruyama, M. Tibial Tubercle Osteotomy in Revision Total Knee Arthroplasty. Arch. Orthop. Trauma Surg. 1997, 116, 400-403.
[CrossRef]

Fletcher, M.D. Single Stage Tibial Osteotomy and Long Stem Total Knee Arthroplasty to Correct Adverse Consequences of
Unequal Tibial Lengthening with an Ilizarov Circular Fixator. J. Orthop. Case Rep. 2015, 5, 9-11. [CrossRef] [PubMed]
Nakajima, A.; Watanabe, H.; Rokkaku, T.; Koda, M.; Yamada, T.; Murakami, M. The Elmslie-Trillat Procedure for Recurrent
Patellar Subluxation After Total Knee Arthroplasty. J. Arthroplast. 2010, 25, 1170.e1-1170.e5. [CrossRef]

Price, M.; Malkani, A.L.; Baker, D. Fulkerson Procedure for Chronic Patella Component Dislocation After Total Knee Arthroplasty.
J. Arthroplast. 2009, 24, 914-917. [CrossRef]

Tabutin, J.; Morin-Salvo, N.; Torga-Spak, R.; Cambas, P.-M.; Vogt, E. Tibial Tubercule Osteotomy during Medial Approach to
Difficult Knee Arthroplasties. Orthop. Traumatol. Surg. Res. 2011, 97, 276-286. [CrossRef]

Segur, ].M.; Vilchez-Cavazos, F.; Martinez-Pastor, ].C.; Macule, F.; Suso, S.; Acosta-Olivo, C. Tibial Tubercle Osteotomy in Septic
Revision Total Knee Arthroplasty. Arch. Orthop. Trauma Surg. 2014, 134, 1311-1315. [CrossRef]

Ries, M.D.; Richman, J.A. Extended Tibial Tubercle Osteotomy in Total Knee Arthroplasty. J. Arthroplast. 1996, 11, 964-967.
[CrossRef]

Punwar, S.A.; Fick, D.P,; Khan, R.J.K. Tibial Tubercle Osteotomy in Revision Knee Arthroplasty. J. Arthroplast. 2017, 32, 903-907.
[CrossRef] [PubMed]

Mendes, M.W.; Caldwell, P; Jiranek, W.A. The Results of Tibial Tubercle Osteotomy for Revision Total Knee Arthroplasty.
J. Arthroplast. 2004, 19, 167-174. [CrossRef] [PubMed]

Choi, H.-R.; Burke, D.; Malchau, H.; Kwon, Y.-M. Utility of Tibial Tubercle Osteotomy in the Setting of Periprosthetic Infection
after Total Knee Arthroplasty. Int. Orthop. 2012, 36, 1609-1613. [CrossRef]

Chalidis, B.E.; Ye, K.; Sachinis, N.P; Hawdon, G.; McMahon, S. Lateral Parapatellar Approach with Tibial Tubercle Osteotomy for
the Treatment of Non-Correctable Valgus Knee Osteoarthritis. Knee 2014, 21, 204-208. [CrossRef] [PubMed]

Chalidis, B.E.; Ries, M.D. Does Repeat Tibial Tubercle Osteotomy or Intramedullary Extension Affect the Union Rate in Revision
Total Knee Arthroplasty?: A Retrospective Study of 74 Patients. Acta Orthop. 2009, 80, 426-431. [CrossRef]

Biggi, S.; Divano, S.; Tedino, R.; Capuzzo, A.; Tornago, S.; Camera, A. Tibial Tubercle Osteotomy in Total Knee Arthroplasty:
Midterm Results Experience of a Monocentric Study. Joints 2018, 6, 95-99. [CrossRef] [PubMed]

Zonnenberg, C.B.L.; van den Bekerom, M.PJ.; de Jong, T.; Nolte, P.A. Tibial Tubercle Osteotomy with Absorbable Suture Fixation
in Revision Total Knee Arthroplasty: A Report of 23 Cases. Arch. Orthop. Trauma Surg. 2014, 134, 667-672. [CrossRef]

Young, C.E,; Bourne, R.B.; Rorabeck, C.H. Tibial Tubercle Osteotomy in Total Knee Arthroplasty Surgery. J. Arthroplast. 2008,
23,371-375. [CrossRef]

Vives-Barquiel, M.A.; Torrents, A.; Lozano, L.; Martinez-Pastor, ].C.; Maculé, F.; Segur, ] M.; Popescu, D. Proximalize Osteotomy
of Tibial Tuberosity (POTT) as a Treatment for Stiffness Secondary to Patella Baja in Total Knee Arthroplasty (TKA). Arch. Orthop.
Trauma Surg. 2015, 135, 1445-1451. [CrossRef]

Le Moulec, Y.P; Bauer, T.; Klouche, S.; Hardy, P. Tibial Tubercle Osteotomy Hinged on the Tibialis Anterior Muscle and Fixed by
Circumferential Cable Cerclage in Revision Total Knee Arthroplasty. Orthop. Traumatol. Surg. Res. 2014, 100, 539-544. [CrossRef]
Eid, A.S.; Nassar, W.A.M.; Fayyad, T.A.M. Total Knee Replacement with Tibial Tubercle Osteotomy in Rheumatoid Patients with
Stiff Knee. Int. Orthop. 2016, 40, 2289-2293. [CrossRef]

Apostolopoulos, A.P.; Nikolopoulos, D.D.; Polyzois, 1.; Nakos, A.; Liarokapis, S.; Stefanakis, G.; Michos, 1.V. Total Knee
Arthroplasty in Severe Valgus Deformity: Interest of Combining a Lateral Approach with a Tibial Tubercle Osteotomy. Orthop.
Traumatol. Surg. Res. 2010, 96, 777-784. [CrossRef] [PubMed]

Abbas, AM.L; Williams, R.L.L.; Khan, W.S.; Ghandour, A.; Morgan-Jones, R.L. Tibial Crest Osteotomy in Extensile Knee
Exposure—A Modified, Low-Energy, Suture Technique. J. Arthroplast. 2016, 31, 383-388. [CrossRef] [PubMed]

Catonné, Y.; Sariali, E.; Khiami, F; Rouvillain, J.-L.; Wajsfisz, A.; Pascal-Moussellard, H. Same-Stage Total Knee Arthroplasty and
Osteotomy for Osteoarthritis with Extra-Articular Deformity. Part I: Tibial Osteotomy, Prospective Study of 26 Cases. Orthop.
Traumatol. Surg. Res. 2019, 105, 1047-1054. [CrossRef]


http://doi.org/10.1016/j.knee.2008.06.006
http://doi.org/10.1007/s00167-017-4586-7
http://doi.org/10.1007/s00264-014-2546-0
http://www.ncbi.nlm.nih.gov/pubmed/25312056
http://doi.org/10.1302/0301-620X.99B7.BJJ-2016-1267.R1
http://www.ncbi.nlm.nih.gov/pubmed/28663396
http://doi.org/10.1016/j.arth.2019.07.015
http://www.ncbi.nlm.nih.gov/pubmed/31401038
http://doi.org/10.1177/230949900000800111
http://doi.org/10.1007/BF00433999
http://doi.org/10.13107/jocr.2250-0685.294
http://www.ncbi.nlm.nih.gov/pubmed/27299056
http://doi.org/10.1016/j.arth.2009.09.008
http://doi.org/10.1016/j.arth.2008.05.007
http://doi.org/10.1016/j.otsr.2011.01.007
http://doi.org/10.1007/s00402-014-2064-y
http://doi.org/10.1016/S0883-5403(96)80138-0
http://doi.org/10.1016/j.arth.2016.08.029
http://www.ncbi.nlm.nih.gov/pubmed/27692784
http://doi.org/10.1016/j.arth.2003.08.013
http://www.ncbi.nlm.nih.gov/pubmed/14973859
http://doi.org/10.1007/s00264-012-1541-6
http://doi.org/10.1016/j.knee.2013.05.008
http://www.ncbi.nlm.nih.gov/pubmed/23796619
http://doi.org/10.3109/17453670903110683
http://doi.org/10.1055/s-0038-1661338
http://www.ncbi.nlm.nih.gov/pubmed/30051105
http://doi.org/10.1007/s00402-014-1950-7
http://doi.org/10.1016/j.arth.2007.02.019
http://doi.org/10.1007/s00402-015-2312-9
http://doi.org/10.1016/j.otsr.2014.02.012
http://doi.org/10.1007/s00264-016-3167-6
http://doi.org/10.1016/j.otsr.2010.06.008
http://www.ncbi.nlm.nih.gov/pubmed/20934399
http://doi.org/10.1016/j.arth.2015.08.030
http://www.ncbi.nlm.nih.gov/pubmed/26427939
http://doi.org/10.1016/j.otsr.2019.04.010

Life 2022, 12, 1120 29 of 29

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Radke, S.; Radke, J. Total Knee Arthroplasty in Combination with a One-Stage Tibial Osteotomy: A Technique for Correction of a
Gonarthrosis with a Severe (>15°) Tibial Extra-Articular Deformity. J. Arthroplast. 2002, 17, 533-537. [CrossRef]

Madelaine, A; Villa, V.; Yela, C.; Lording, T.; Lustig, S.; Servien, E.; Neyret, P. Results and Complications of Single-Stage Total
Knee Arthroplasty and High Tibial Osteotomy. Int. Orthop. 2014, 38, 2091-2098. [CrossRef]

Ramaswamy, R.; Kosashvili, Y.; Cameron, H.U.; Cameron, ].C. Total Knee Replacement with Rotational Proximal Tibial Osteotomy
for Osteoarthritis with Severe External Tibial Torsion and Patellar Instability. ]. Bone Jt. Surg. Br. 2009, 91, 1466-1471. [CrossRef]
[PubMed]

Grzelecki, D.; Szneider, J.; Marczak, D.; Kowalczewski, J. Total Knee Arthroplasty with Simultaneous Tibial Shaft Osteotomy in
Patient with Multiple Hereditary Osteochondromas and Multiaxial Limb Deformity—A Case Report. BMC Musculoskelet. Disord.
2020, 21, 233. [CrossRef]

Hosokawa, T.; Arai, Y.; Nakagawa, S.; Kubo, T. Total Knee Arthroplasty with Corrective Osteotomy for Knee Osteoarthritis
Associated with Malunion after Tibial Plateau Fracture: A Case Report. BMC Res. Notes 2017, 10, 223. [CrossRef]

Ishida, K.; Tsumura, N.; Takayama, K.; Fukase, N.; Kitagawa, A.; Chin, T.; Iguchi, T.; Matsumoto, T.; Kubo, S.; Kurosaka, M.; et al.
Thermal Necrosis after Simultaneous Tibial Osteotomy and Total Knee Arthroplasty Using Press-Fit Extension-Stem. Knee Surg.
Sports Traumatol. Arthrosc. 2011, 19, 112-114. [CrossRef] [PubMed]

Shibano, K.; Kunugiza, Y.; Kawashima, K.; Tomita, T. Total Knee Arthroplasty with Concomitant Corrective Tibial Osteotomy
Using Patient-Specific Instrumentation and Computed Tomography—Based Navigation in Severe Post-High Tibial Osteotomy
Valgus Collapse. Arthroplast. Today 2020, 6, 742-746. [CrossRef] [PubMed]

Ucan, V.; Pulatkan, A.; Tuncay, I. Unicompartmental Knee Arthroplasty Combined with High Tibial Osteotomy in Anteromedial
Osteoarthritis: A Case Report. Int. ]. Surg. Case Rep. 2021, 81, 105746. [CrossRef]

Elik, H.; Dogu, B.; Yilmaz, F.; Begoglu, F.A.; Kuran, B. The Efficiency of Platelet-Rich Plasma Treatment in Patients with Knee
Osteoarthritis. J. Back Musculoskelet. Rehabil. 2020, 33, 127-138. [CrossRef] [PubMed]

Rayegani, S.M.; Raeissadat, S.A.; Sanei Taheri, M.; Babaee, M.; Bahrami, M.H.; Eliaspour, D.; Ghorbani, E. Does Intra Artic-
ular Platelet Rich Plasma Injection Improve Function, Pain and Quality of Life in Patients with Osteoarthritis of the Knee?
A Randomized Clinical Trial. Orthop. Rev. 2014, 6, 5405. [CrossRef]

Huang, G.; Hua, S.; Yang, T.; Ma, J.; Yu, W.; Chen, X. Platelet-rich Plasma Shows Beneficial Effects for Patients with Knee
Osteoarthritis by Suppressing Inflammatory Factors. Exp. Ther. Med. 2018, 15, 3096-3102. [CrossRef]

Raeissadat, S.A.; Rayegani, S.M.; Hassanabadi, H.; Fathi, M.; Ghorbani, E.; Babaee, M.; Azma, K. Knee Osteoarthritis Injection
Choices: Platelet- Rich Plasma (PRP) versus Hyaluronic Acid (A One-Year Randomized Clinical Trial). Clin. Med. Insights Arthritis
Musculoskelet. Disord. 2015, §, CMAMD-517894. [CrossRef]

Wu, Y.-T,; Hsu, K.-C,; Li, T.-Y.; Chang, C.-K.; Chen, L.-C. Effects of Platelet-Rich Plasma on Pain and Muscle Strength in Patients
With Knee Osteoarthritis. Am. J. Phys. Med. Rehabil. 2018, 97, 248-254. [CrossRef]

Tucker, ].D.; Goetz, L.L.; Duncan, M.B.; Gilman, J.B.; Elmore, LW.; Sell, S.A.; McClure, M.]J.; Quagliano, P.V.; Martin, C.C.
Randomized, Placebo-Controlled Analysis of the Knee Synovial Environment Following Platelet-Rich Plasma Treatment for Knee
Osteoarthritis. PM&R 2021, 13, 707-719. [CrossRef]

Raeissadat, S.A.; Ghazi Hosseini, P.; Bahrami, M.H.; Salman Roghani, R.; Fathi, M.; Gharooee Ahangar, A.; Darvish, M. The
Comparison Effects of Intra-Articular Injection of Platelet Rich Plasma (PRP), Plasma Rich in Growth Factor (PRGF), Hyaluronic
Acid (HA), and Ozone in Knee Osteoarthritis; a One Year Randomized Clinical Trial. BMC Musculoskelet. Disord. 2021, 22, 134.
[CrossRef]

Zonnenberg, C.; Lisowski, L.; van den Bekerom, M.; Nolte, P. Tuberositas Osteotomy for Total Knee Arthroplasty: A Review of
the Literature. J. Knee Surg. 2010, 23, 121-130. [CrossRef] [PubMed]

Divano, S.; Camera, A.; Biggi, S.; Tornago, S.; Formica, M.; Felli, L. Tibial Tubercle Osteotomy (TTO) in Total Knee Arthroplasty, Is
It Worth It? A Review of the Literature. Arch. Orthop. Trauma Surg. 2018, 138, 387-399. [CrossRef] [PubMed]

Chalidis, B.; Kitridis, D.; Givissis, P. Tibial Tubercle Osteotomy in Revision Total Knee Arthroplasty: A Systematic Review. World
J. Orthop. 2020, 11, 294-303. [CrossRef]

Baldini, A.; Castellani, L.; Traverso, F; Balatri, A.; Balato, G.; Franceschini, V. The Difficult Primary Total Knee Arthroplasty:
A Review. Bone Jt. . 2015, 97, 30-39. [CrossRef] [PubMed]


http://doi.org/10.1054/arth.2002.33269
http://doi.org/10.1007/s00264-014-2420-0
http://doi.org/10.1302/0301-620X.91B11.22658
http://www.ncbi.nlm.nih.gov/pubmed/19880891
http://doi.org/10.1186/s12891-020-03245-x
http://doi.org/10.1186/s13104-017-2553-5
http://doi.org/10.1007/s00167-010-1187-0
http://www.ncbi.nlm.nih.gov/pubmed/20532867
http://doi.org/10.1016/j.artd.2020.07.029
http://www.ncbi.nlm.nih.gov/pubmed/32923561
http://doi.org/10.1016/j.ijscr.2021.105746
http://doi.org/10.3233/BMR-181374
http://www.ncbi.nlm.nih.gov/pubmed/31127755
http://doi.org/10.4081/or.2014.5405
http://doi.org/10.3892/etm.2018.5794
http://doi.org/10.4137/CMAMD.S17894
http://doi.org/10.1097/PHM.0000000000000874
http://doi.org/10.1002/pmrj.12561
http://doi.org/10.1186/s12891-021-04017-x
http://doi.org/10.1055/s-0030-1267472
http://www.ncbi.nlm.nih.gov/pubmed/21329253
http://doi.org/10.1007/s00402-018-2888-y
http://www.ncbi.nlm.nih.gov/pubmed/29359256
http://doi.org/10.5312/wjo.v11.i6.294
http://doi.org/10.1302/0301-620X.97B10.36920
http://www.ncbi.nlm.nih.gov/pubmed/26430084

	Introduction 
	Materials and Methods 
	Search Strategy 
	Inclusion and Exclusion Criteria 
	Selection and Data Collection 
	Data Items 
	Types of Interventions 
	Outcomes 
	Study Risk of Bias Assessment 
	Effect Measures and Synthesis Methods 
	Statistical Analysis 

	Results 
	Femoral Shaft Osteotomy 
	Lateral Aspect of a Knee 
	Medial Aspect of a Knee 
	Medial Femoral Condyle Osteotomy 
	Medial Tibial Reduction Osteotomy 

	Tibial Tubercle Osteotomy 
	Tibial Shaft Osteotomy 
	Risk of Bias 

	Discussion 
	Strengths 
	Limitations 

	Conclusions 
	References

