
This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License

DOUBLE-LEVEL FEMORAL 
AND TIBIAL DEROTATIONAL OSTEOTOMY
 FOR RECURRENT PATELLAR INSTABILITY: 

A SYSTEMATIC REVIEW

2026; 4: e2191

DOI: 10.26355/joints_202610_2191

Category: Systematic Review
e-ISSN: 2512-9090

1

ABSTRACT – Objective: Recurrent patellar instability complicated by combined femoral and tibial torsional 
deformities presents a complex therapeutic challenge. Although double-level derotational osteotomy has been 
proposed as an effective surgical option, evidence remains limited. This systematic review aimed to evaluate clin-
ical, radiological, and functional outcomes of combined femoral and tibial derotational osteotomies in patients 
with recurrent patellar instability.

Materials and Methods: A systematic search of PubMed, Scopus, Embase, MEDLINE and Cochrane was per-
formed according to PRISMA 2020 guidelines. Studies published from 1996 to April 2025 reporting double-level 
derotational osteotomy for patellar instability, with a minimum individual follow-up of at least 24 months and 
Level of Evidence I-IV, were included. Data extraction included demographic characteristics, radiographic torsion-
al parameters, clinical outcome scores, recurrent patellar instability, complications, and fixation methods. Demo-
graphic variables were summarized using weighted means when appropriate, whereas clinical and radiographic 
outcomes were summarized descriptively due to methodological heterogeneity across studies. Risk of bias was 
assessed using the Risk Of Bias In Non-randomized Studies of Interventions (ROBINS-I) tool, while complications 
were graded according to the Clavien–Dindo classification.

Results: Seven retrospective studies comprising 64 patients (79 limbs) were included. The weighted mean 
patient age was 19.3 years, with a weighted mean follow-up of 45.2 months. Femoral and tibial rotational cor-
rections demonstrated substantial improvements in rotational alignment. Significant radiographic improvements 
were also reported for patellar tilt and torsional parameters. Clinical and functional outcomes generally improved 
postoperatively; however, in some studies including both single- and double-level procedures, subgroup-specific 
outcomes were unavailable and were reported only for the overall mixed cohort. Complication rates were low, 
with isolated cases of nonunion, fixation failure, postoperative stiffness, and one recurrent patellar dislocation 
reported at long-term follow-up.
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INTRODUCTION

Recurrent patellar instability is a complex, multifactorial condition that predominantly affects adoles-
cents and young adults, especially females, with recurrence rates up to 50% after an initial dislocation 
in the presence of anatomical risk factors such as trochlear dysplasia, patella alta, and elevated tibial 
tubercle–trochlear groove (TT–TG) distance1. Additionally, increased femoral anteversion and external 
tibial torsion have been identified as significant contributors to abnormal patellar tracking and recurrent 
instability2,3.

Soft-tissue reconstructions, such as medial patellofemoral ligament (MPFL) repair, may be insufficient 
when torsional deformities exceed 20-25°, resulting in suboptimal outcomes2,4. Advanced preoperative 
imaging, including low-dose computed tomography (CT) and EOS systems, has improved diagnostic ac-
curacy and enabled more precise surgical planning5.

Derotational osteotomies at the femoral and tibial levels have emerged as important interventions. 
Derotational distal femoral osteotomy (D-DFO), with or without concomitant procedures, has shown 
significant improvements in pain and functional scores in patients with femoral anteversion >20°6,7. Re-
cent evidence suggests that combined femoral and tibial derotational osteotomies provide superior 
functional outcomes and greater reduction in anterior knee pain compared with tibial tubercle transfer 
(TTT) combined with medial patellofemoral ligament (MPFL) reconstruction in patients with severe tor-
sional deformities1-3.

Nevertheless, evidence remains limited; most available studies are retrospective case series or co-
hort trials. Key parameters, such as optimal correction thresholds, complication rates, and long-term 
outcomes, have not been definitively established8,9. Furthermore, technical complexity and potential 
morbidity demand improved selection criteria and operative consistency.

Despite the increasing use of double-level derotational osteotomy, the available evidence remains 
fragmented, consisting predominantly of small retrospective case series with heterogeneous patient 
selection, surgical indications, radiological assessment methods, and outcome reporting. To date, no 
systematic review has specifically synthesized the evidence regarding the clinical, radiological, and func-
tional outcomes of this procedure in patients with recurrent patellar instability.

This systematic review aims to summarize current clinical, radiologic, and functional outcomes of 
double-level femoral and tibial derotational osteotomies in recurrent patellar instability, to define clear 
surgical indications, evaluate effectiveness, and identify areas for future research.

MATERIALS AND METHODS

Research Question 

This systematic review was conducted in accordance with the 2020 PRISMA guidelines to identify and 
select relevant studies10. To minimize bias, two independent reviewers (RGV and FB) conducted the 
search and selection, and uncertainties were resolved by consulting a third author (MC).

Inclusion and Exclusion Criteria 

Eligible studies concerned patients undergoing double-level osteotomy for patellar instability. To be 
considered eligible, studies had to involve human subjects, be published between 1996 and April 2025, 
report a minimum follow-up of at least 24 months for the included patients, and provide a level of evi-

Conclusions: Double-level derotational osteotomy appears to be a safe and effective option for carefully se-
lected patients with recurrent patellar instability and severe combined torsional deformities. However, current 
evidence is limited by methodological heterogeneity and small retrospective cohorts, highlighting the need for 
standardized diagnostic criteria and prospective multicenter studies.

KEYWORDS: Patellar instability, Derotational osteotomy, Femoral anteversion, Tibial torsion, Clinical outcomes.
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dence (LoE) between I and IV. Studies were excluded if they were biochemical or in vitro investigations, 
case reports, editorials, book chapters, technical notes, preclinical studies, or Level V evidence, in order 
to include only studies providing clinically relevant evidence.

Search Strategy and Study Screening

A thorough search of five large databases (PubMed, Scopus, Embase, MEDLINE and Cochrane) was car-
ried out using the following MeSH terms: ((patellar instability) OR (recurrent patellar dislocation) OR 
(patellar dislocation) OR (patellofemoral instability)) AND ((derotational osteotomy) OR (torsional oste-
otomy) OR (femoral derotation) OR (tibial derotation) OR (derotation osteotomy)) AND ((outcome*) OR 
(result*) OR (surgical treatment) OR (surgical technique)). This search generated 375 articles. After delet-
ing duplicates, 184 articles remained. Screening of titles and abstracts led to the exclusion of 155 stud-
ies. Full-text reviews were conducted for the remaining 29 articles; ultimately, seven studies3,11-16 met 
the inclusion criteria for the qualitative analysis. These selected studies provided epidemiological data, 
radiographic data on femoral and tibial torsion before and after surgery, functional outcomes, range of 
motion, and complication rates. The selection process is illustrated in the PRISMA flow chart (Figure 1).

Figure 1. PRISMA flow chart. (n: number)
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Assessment of Methodological Quality

The level of evidence of each study was classified according to the Oxford Center for Evidence-Based 
Medicine 2011 framework17. Risk of bias was independently assessed by two reviewers using the Risk 
Of Bias In Non-randomized Studies of Interventions (ROBINS-I) tool, which evaluates seven domains of 
bias: confounding, selection of participants, classification of interventions, deviations from intended 
interventions, missing data, measurement of outcomes, and selection of the reported result18. Disagree-
ments were resolved through discussion with a third reviewer. Complications were classified according 
to the Clavien–Dindo system19. This systematic review was prospectively registered in the International 
Prospective Register of Systematic Reviews (PROSPERO; registration number: CRD420251038762)20.

Data Extraction

The data extracted from the included articles were systematically recorded using a standardized data 
extraction template, which included the following variables: author and year of publication, study design, 
patient sample size, average age of participants, body mass index (when available), duration of follow-up, 
surgical site of correction, pre- and postoperative radiographic measurements, pre- and postoperative 
clinical outcome scores, complications, and details of the fixation system used for osteotomy stabilization. 
For studies reporting both single-level and double-level osteotomies, data from patients who underwent 
double-level derotational osteotomy were extracted whenever these data were reported separately. 
When subgroup-specific clinical outcomes were unavailable, outcomes reported for the overall mixed co-
hort were identified as such and were not considered specifically attributable to double-level osteotomy.

Data Analysis

Data analyses were performed using R software (2022, version 4.1.3; R Core Team, Vienna, Austria). De-
scriptive statistics were used to analyze the collected data. When appropriate, weighted means for de-
mographic variables were calculated using the number of patients included in each study as the weight-
ing factor. Continuous variables were summarized as weighted means whenever sufficient study-level 
data were available; otherwise, they were reported descriptively using means and ranges as provided in 
the original studies. Standard deviations (SDs) were reported only when available in the original publica-
tions. Absolute numbers and frequency distributions were calculated for categorical data.

RESULTS

Study Characteristics

In line with PRISMA guidelines, seven retrospective studies3,11-16 were included in the final analysis, com-
prising 64 patients and 79 operated limbs. The cohorts were predominantly female, with over 60% fe-
male representation. The weighted mean patient age across the included studies was 19.3 years, while 
the weighted mean follow-up was 45.2 months. Detailed demographic characteristics are summarized 
in Table 1. Risk-of-bias assessment using the ROBINS-I tool demonstrated variable methodological qual-
ity across the included studies. One study3 was judged to have an overall low risk of bias, two studies11,13 
showed a moderate risk of bias, and four studies12,14-16 were considered at serious risk of bias, mainly be-
cause of confounding, participant selection, outcome measurement, and selective reporting (Figure 2). 
Reported complications were predominantly low grade according to the Clavien–Dindo classification19, 
with most events managed without long-term sequelae.

Surgical Indications and Techniques

The surgical site of correction varied among the included studies and involved distal femoral, proximal tibial, 
supramalleolar tibial, or combined femoral and tibial derotational osteotomies, depending on the underlying 
deformity and surgical indication. Across the included studies, the indication for double-level derotational os-
teotomy was recurrent patellar instability associated with combined femoral and tibial torsional deformities. 
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Table 1. Demographic and clinical characteristics of the included studies.
	
Author	 Year	 Study design	 Number	 Number		  Laterality		  Laterality	                  Gender		  Age	 BMI, kg/m2	 Follow-up, 
			     of patients	   of limbs				    (R/L/Bil)			   Mean (Range)	 Mean (Range)	   months

					     Right (n/%)	 Left (n/%)	 Bilateral (n/%)		  Male (n/%)	 Female (n/%)			 
Mean (Range)	

Bruce and Stevens16	 2004	 Retrospective	 14	 27	 NA	 NA	 13 (92.9%)	 — / — / 13	 1 (7.1%)	 13 (92.9%)	 14.9 (11.75-18)	 NA	 62.4 (24-144)

Hinz et al14	 2023	 Retrospective	 2	 2	 NA	 NA	 0 (0%)	 — / — / 0	 NA	 NA	 23.5 (19.8-29.0)	 24.3 (19.6-29.0)	 38 (31.8-52.5)

Stevens et al15	 2014	 Retrospective	 8	 8	 4 (50.0%)	 4 (50%)	 0 (0%)	 4 / 4 / 0	 3 (37.5%)	 5 (62.5%)	 17.5 (9-24)	 NA	 55.1 (17-113)

Dickschas et al11	 2012	 Retrospective	 2	 2	 2 (100.0%)	 0 (0%)	 0 (0%)	 2 / 0 / 0	 1 (50.0%)	 1 (50.0%)	 19.5 (15-24)	 24.9	 NA

Qiao et al3	 2024	 Retrospective	 18	 18	 7 (38.9%)	 11 (61.1%)	 0 (0%)	 7 / 11 / 0	 3 (16.7%)	 15 (83.3%)	 20.7 (16-30)	 NA	 29 (17.9-31.6)

Delgado et al12	 1996	 Retrospective	 5	 7	 2 (28.6%)	 1 (14.3%)	 2 (40%)	 2 / 1 / 2	 3 (60.0%)	 2 (40.0%)	 14.4 (11-18)	 NA	 33.6 (24-48)

Zhang et al13	 2024	 Retrospective	 15	 15	 NA	 NA	 0 (0%)	 — / — / 0	 1 (6.7%)	 14 (93.3%)	 23.8 (17.2-30.4)	 NA	 48 (27.6-68.4)

R = right; L = left; Bil = bilateral; NA = not available; n/% = number (percentage); BMI = body mass index.
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Although the threshold values varied among studies, surgical indication was generally based on the 
presence of clinically relevant combined femoral and tibial torsional deformities, supported by com-
prehensive clinical evaluation and CT-based assessment of rotational alignment. The primary objective 
of double-level derotational osteotomy was to restore physiological lower-limb rotational alignment, 
improve patellar tracking and stability, and reduce anterior knee pain. Femoral correction was most 
commonly performed at the distal femur, whereas tibial correction was carried out at either the proxi-
mal tibia or the supramalleolar level according to the underlying deformity.

Radiographic Outcomes

Radiographic parameters were reported heterogeneously across the included studies. Radiological 
assessment of torsional deformities was also heterogeneous. Most studies used computed tomogra-
phy (CT) to quantify femoral anteversion and external tibial torsion; however, different measurement 
protocols and anatomical reference axes were adopted across studies, limiting direct comparison 
of absolute rotational values. Femoral and tibial rotational correction angles were available in four 
studies3,11-13 and demonstrated substantial correction following surgery (Table 2). In Dickschas et al11, 
only two patients underwent bifocal osteotomy. The reported femoral corrections were 12° and 23°, 
while the corresponding tibial corrections were 10° and 12°, respectively. Patellar tilt angles were re-
ported in two studies3,13, both of which demonstrated significant postoperative correction. Qiao et al3 
observed a reduction from 37.1° (32.7-41.6) preoperatively to 2.3° (-1.7 to 6.2) postoperatively, while 
Zhang et al13 reported a decrease from 37° (9-65) to 11° (1-21), corresponding to a mean correction 
of 26° to 34.8°.

Figure 2. Risk-of-bias assessment of the included studies according to the ROBINS-I tool. 
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Table 2. Radiographic measurements of femoral torsion, tibial torsion and patellar tilt before and after double-level derotational osteotomy.
	
Author	 Year		  Femoral Torsion, °			   Tibial Torsion, °			   Patellar tilt angle, °

		  Preoperative	 Postoperative	 Correction, °	 Preoperative	 Postoperative	 Correction, °	 Preoperative	 Postoperative	 Correction, °
		  Mean (range)	 Mean (range)		  Mean (range)	 Mean (range)		  Mean (range)	 Mean (range)	

Bruce and Stevens16	 2004			   29 (20-40)			   27 (20-35)			 

Hinz et al14	 2023									       

Stevens et al15	 2014			   25 (30-35)			   29.4 (20-40)			 

Dickschas et al11*	 2012			   12, 23			   10, 12			 

Qiao et al3	 2024	 31.9 (30.8 to 32.9)	 8.6 (6.3 to 11)	 23.3	 34.2 (32.7-35.6)	 9.6 (7.4-11.9)	 24.6	 37.1 (32.7-41.6)	 2.3 (-1.7 to 6.2)	 34.8

Delgado et al12	 1996			   35			   22			 

Zhang et al13	 2024				    37.2	 5.3	 31.9	 37 (9 to 65)	 11 (1 to 21)	 26

° = degree; * = Only the rotational corrections specifically reported for the two patients undergoing bifocal osteotomy are presented (femoral correction: 12° and 23°; tibial correction: 10° and 12°); subgroup-specific 
pre and postoperative torsional values were not available.
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Clinical Outcomes

Clinical outcomes were reported heterogeneously across the included studies (Table 3). Functional out-
comes were assessed using Kujala, Lysholm, International Knee Documentation Committee (IKDC), Teg-
ner, Knee injury and Osteoarthritis Outcome Score (KOOS), and Visual Analog Scale (VAS) scores, with 
postoperative improvements generally reported at short- to mid-term follow-up. However, in studies 
including both single- and double-level osteotomies, subgroup-specific clinical outcomes were not al-
ways available. Dickschas et al11 and Stevens et al15 reported clinical outcomes for the overall mixed 
cohort rather than separately for patients undergoing double-level osteotomy; therefore, these findings 
cannot be specifically attributed to the double-level procedure. Pain outcomes generally improved in 
the studies reporting VAS scores. Hinz et al14 observed a reduction from a median preoperative VAS of 
2 (1-5) to 0 (0-1), while Qiao et al3 reported a reduction from 4.8 (1.8-7.8) to 1.4 (-0.6 to 3.4). Stevens et 
al15 and Dickschas et al11 reported decreases from 8.6 to 3.3 and from 7.3 to 2.6, respectively; however, 
these values were derived from their overall mixed cohorts. Kujala scores were available in three stud-
ies3,13,14 and improved across all cases. Hinz et al14 noted a postoperative increase from 55.6 (28.4-82.8) 
to 80.3 (46.9-113.7), and Qiao et al3 reported an increase from 64 (33.4-94.6) to 86.8 (68.6-105). Zhang 
et al13 and Delgado et al12 also reported postoperative scores ≥80. Lysholm and IKDC scores followed a 
similar trend, with Qiao et al3 demonstrating improvements in Lysholm (from 62 to 84.3) and IKDC (from 
59.2 to 82.2), while Zhang et al13 and Delgado et al12 reported final scores exceeding 84. Tegner activi-
ty scores were reported in four studies3,11,13,14; however, the Tegner data reported by Dickschas et al11 

referred to the overall mixed cohort and were not available separately for the double-level subgroup.

Complications

Overall, only one recurrent patellar dislocation was reported across all included studies. Complications 
were uncommon and were generally minor or successfully managed without long-term sequelae. Three 
studies11,12,14 reported no adverse events. Bruce and Stevens16 documented the highest complication 
rate (11.1%), including one case each of tibial fixation loss, femoral fracture, and fibular nonunion. Ste-
vens et al15 and Qiao et al3 each reported one femoral nonunion (12.5% and 5.6%, respectively). Zhang 
et al13 reported one case of postoperative knee stiffness (6.7%) that resolved following rehabilitation. A 
comprehensive summary of clinical outcomes and complications is presented in Table 3.

DISCUSSION

The principal finding of this systematic review is that, although double-level derotational osteotomy 
appears to improve radiographic alignment and clinical outcomes in carefully selected patients, the 
currently available evidence is characterized by substantial methodological heterogeneity that lim-
its definitive conclusions. Considerable variability exists regarding patient selection, indications for 
surgery, radiological assessment of torsional deformities, surgical techniques, associated procedures, 
and reported outcome measures, making direct comparison between studies difficult and limiting the 
strength of the available evidence. Across the seven retrospective studies included3,11-16, double-level 
correction was associated with improvements in radiographic alignment and patellofemoral tracking, 
while generally favorable clinical outcomes were also reported. However, subgroup-specific clinical 
outcomes were not consistently available in studies including both single- and double-level proce-
dures, limiting the extent to which these improvements can be attributed specifically to combined fem-
oral and tibial correction. This heterogeneity likely reflects the broad spectrum of patellar instability 
phenotypes and the highly individualized nature of surgical planning. Importantly, this systematic re-
view identifies unresolved challenges in the diagnosis and surgical management of combined torsional 
deformities. Beyond the variability in correction thresholds, there is currently no universally accepted 
guideline regarding radiological assessment, measurement techniques, or surgical indications for dou-
ble-level derotational osteotomy. Consequently, comparisons across studies remain difficult, and the 
development of standardized diagnostic and therapeutic algorithms should be considered a priority for 
future research. Indications for derotational osteotomy varied among the included studies. Qiao et al3 

and Zhang et al13 recommended double-level correction when either femoral or tibial torsion exceed-
ed 30°. Hinz et al14 suggested a lower threshold, advocating femoral correction when anteversion ex-
ceeded 20°, reserving MPFL reconstruction for patients with persistent lateralization after osteotomy. 
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Table 3. Reported functional outcomes and complications in studies including double-level derotational osteotomy for recurrent patellar instability.
	
Author	 Year	 VAS score	 Kujala score	 Lysholm score	 IKDC score	 Tegner score	 Complications
												            N (%)
		  Preoperative	 Postoperative	 Preoperative	 Postoperative	 Preoperative	 Postoperative	 Preoperative	 Postoperative	 Preoperative	 Postoperative	
		  Mean (range)	 Mean (range)	 Mean (range)	 Mean (range)	 Mean (range)	 Mean (range)	 Mean (range)	 Mean (range)	 Mean (range)	 Mean (range)	

Bruce and Stevens16	 2004											           3 (11.1%)

Hinz et al14*	 2023	 2 (1-5)	 0 (0-1)	 55.6 (28.4-82.8)	 80.3 (46.9-113.7)	 58.6 (23.8-93.4)	 79.5 (46.3-112.7)	 54.6 (17.2-92)	 74.1 (44.1-104.1)	 3 (3-4)	 4 (3-5)	 0 (0%)

Stevens et al15*	 2014	 8.6 (7.9-9.4)	 3.3 (2-4.6)									         1 (12.5%)

Dickschas et al11* 	 2012	 7.3	 2.6			   56.7	 83.7			   3.6	 4.4	 0 (0%)

Qiao et al3	 2024	 4.8 (1.8-7.8)	 1.4 (-0.6-3.4)	 64 (33.4-94.6)	 86.8 (68.6-105)	 62 (31.8-92.2)	 84.3 (62.3-106.3)	 59.2 (33.8-84.6)	 82.2 (69.4-95)	 2.3 (0.7-3.9)	 4.1 (2.1-6.1)	 1 (5.6%)

Delgado et al12	 1996					     60	 82	 66	 84			   0 (0%)

Zhang et al13	 2024			   60 (42-78)	 82 (62-102)	 66 (40-92)	 84 (56-112)			   3 (1-5)	 3 (2-6)	 1 (6.7%)

VAS = Visual Analog Scale; IKDC = International Knee Documentation Committee; n/% = number (percentage); * = Clinical outcome scores were reported for the overall mixed cohort including both single- and double-
level osteotomies and were not available separately for the double-level subgroup.
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 Bruce and Stevens16 performed combined osteotomies in cases of severe miserable malalignment syn-
drome, while Delgado et al12 targeted patients with marked combined torsional deformity even in the 
absence of patellar dislocation. These differences highlight the lack of universally accepted criteria. 

Functional outcomes generally improved across the included studies3,11-16, with favorable changes re-
ported in patient-reported outcome measures (PROMs) including Kujala, Lysholm, IKDC, Tegner, and KOOS. 
However, subgroup-specific outcomes for double-level osteotomy were not consistently available. In par-
ticular, Dickschas et al11 and Stevens et al15 reported clinical outcomes for mixed cohorts including both 
single- and double-level procedures; therefore, the improvements observed in these studies cannot be 
specifically attributed to combined femoral and tibial correction. Studies3,11-16 providing outcomes appli-
cable to double-level cohorts nevertheless reported improvements in pain and functional scores. Overall, 
these findings are encouraging, but the magnitude of clinical benefit specifically attributable to double-lev-
el osteotomy cannot be determined with certainty from the available evidence.

Complication rates were generally low, and adverse events such as nonunion or fixation failure were 
infrequent and did not result in permanent sequelae3,11-16. However, current literature lacks consensus 
on precise indications, essentially because reference values for pathological torsion are not standard-
ized. As demonstrated by Schmaranzer et al21, substantial variability exists among measurement meth-
ods, driven primarily by differences in CT acquisition planes. Techniques based solely on axial slices (Lee, 
Reikerås, Tomczak, Murphy) yield different results from those of oblique axial methods, such as the Jar-
rett technique22-26. Values tend to increase when the proximal femoral neck axis is defined more distally, 
resulting in discrepancies of up to 17° that complicate the identification of pathological thresholds and 
surgical indications.

To reduce variability, several authors5,21 recommend adopting a single, reproducible measurement 
protocol for lower-limb torsion. For femoral anteversion, the Reikerås method – measuring the angle 
between an axis through the femoral head-neck and a tangent to the posterior condylar margins – is 
widely applied22. Tibial external torsion is commonly quantified as the angle between the posterior tibial 
plateau tangent and the bisector of the malleoli. Consistent use of standardized techniques may facil-
itate the definition of thresholds for surgical indication. Based on the thresholds most reported in the 
included studies3,11-16, severe combined torsional deformities may warrant consideration of double-level 
correction. However, no universally accepted radiological thresholds currently exist, and surgical deci-
sion-making should remain individualized according to clinical findings, imaging assessment, and pa-
tient-specific factors. While single-level osteotomy is sufficient for most patients, combined deformities 
that exceed normal ranges may require double-level realignment to achieve adequate biomechanical 
correction. Intraoperative adjustments should be guided by alignment and patellofemoral tracking, 
aiming to restore torsion within a safe physiological range. Nevertheless, before universally applicable 
correction thresholds can be recommended, an international consensus is needed regarding imaging 
acquisition protocols, measurement techniques, and the definition of pathological torsional values.

Fixation methods largely mirrored principles of trauma surgery. Locking plates were most frequently 
used3,11,13,14, whereas intramedullary nails and L-plates were reported for diaphyseal and supramalleolar 
osteotomies16. The increasing availability of dedicated locking plates has facilitated stable fixation and 
likely contributed to wider adoption of these procedures.

Overall, current evidence3,11-16  provides encouraging but incomplete information regarding post-
operative healing, follow-up duration and the influence of osteotomy location or fixation method on 
outcomes. In very selective cases, double-level derotational osteotomy represents a safe and effective 
strategy for recurrent patellar instability, with improvements in alignment, pain and functional out-
comes and low complication rates. Nonetheless, evidence3,11-16 is limited by small retrospective cohorts 
and heterogeneous methodologies. Prospective multicenter studies with standardized imaging proto-
cols and longer follow-up are needed to refine indications, establish correction thresholds and better 
evaluate long-term results.

A major strength of this review is its focused investigation of double-level osteotomy – a technique 
seldom analyzed in isolation in the current literature. Furthermore, this review emphasizes the current 
lack of standardized diagnostic pathways and highlights the principal challenges that continue to limit 
evidence-based surgical decision-making in this field. The study was conducted in accordance with the 
2020 PRISMA guidelines and was registered in PROSPERO, ensuring methodological transparency. The 
independent assessment of study quality, complication grading according to the Clavien-Dindo classi-
fication19, and use of validated scoring systems (e.g., Kujala, IKDC) contribute to the robustness of the 
analysis. Moreover, this is the first review to synthesize radiographic and functional outcomes of com-
bined rotational correction at both the femoral and tibial levels, providing valuable guidance for surgical 
decision-making in complex torsional malalignment.
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However, several limitations must be acknowledged. First, all included studies were retrospective 
case series (Level IV evidence), inherently subject to selection and reporting biases. The ROBINS-I as-
sessment further highlighted these methodological limitations, with four studies12,14-16 judged to be at 
serious overall risk of bias, two11,13 at moderate risk, and only one3 at low risk of bias, thereby reduc-
ing confidence in the estimated treatment effects. The sample sizes were small, averaging fewer than 
10 patients per study, thereby limiting statistical power and generalizability. There was considerable 
heterogeneity in radiographic measurement protocols and the reporting of rotational angles, which 
precluded quantitative synthesis through meta-analysis. This heterogeneity also extended to patient 
selection criteria, surgical indications, osteotomy level, fixation methods, concomitant procedures, re-
habilitation protocols, and clinical outcome measures, further limiting meaningful comparison across 
studies. Additionally, not all studies provided complete datasets for all outcome measures. In some 
studies11,15, including both single- and double-level osteotomies, clinical outcomes were reported only 
for the overall mixed cohort and could not be disaggregated for the double-level subgroup, limiting 
the ability to attribute the observed clinical improvements specifically to combined femoral and tibial 
correction. Mean follow-up durations across the included studies ranged from 29 to 62.4 months, and 
long-term data remain scarce, particularly regarding the durability of torsional correction and functional 
restoration, as well as the potential development of degenerative joint changes.

CONCLUSIONS

Double-level femoral and tibial derotational osteotomy appears to be a promising treatment option for 
carefully selected patients with recurrent patellar instability associated with severe combined torsion-
al deformities. However, the current evidence remains limited by the small number of available stud-
ies, retrospective study designs, heterogeneous patient selection, different radiological measurement 
methods, and variability in surgical techniques. Therefore, beyond summarizing the available clinical 
outcomes, this systematic review highlights the current challenges in diagnosing and managing these 
complex patients, particularly the lack of standardized guidelines for torsional assessment and surgical 
indications. Future prospective multicenter studies using standardized imaging protocols and uniform 
surgical indications are required before definitive recommendations can be established.
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