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femoral torsion to determine whether combine 
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Abstract 

Background Previous view is that femoral anteversion angle (FAA) is equivalent to femoral torsion (FT) and as an 
indication for derotational distal femoral osteotomy (DDFO) combined with medial patellofemoral ligament recon-
struction (MPFLR), but posterior femoral condylar deformity affects FAA. Therefore, FAA is not accurate in assessing 
FT. Whether the femoral inherent torsion (FIT), which avoids the influence of the posterior condyle, can better reflect 
FT during surgery remains unknown. Meanwhile, the impact of the posterior femoral condyle on surgical outcomes 
remains unclear.

Methods Twenty-five patellar dislocation (PD) patients from 2017 to 2021 were conducted. All patients underwent 
both preoperative and postoperative computed tomography scans. Categorized by posterior condylar angle (PCA), 
they were divided into Group A (PCA ≤ 6.4°) and Group B (PCA > 6.4°). Radiographic measurements included FAA, 
femoral inherent torsion (FIT), patellar tilt angle, congruence angle and tibial tubercle–trochlear groove distance. 
For clinical outcomes, the Kujula score, Lysholm score, IKDC score to reflect the knee function. The Tegner activity 
score was used to assess the activity level. The VAS score was used to assess the pain control.

Results In both groups, the postoperative radiographic outcomes demonstrated a statistically significant improve-
ment. Preoperatively, the FAA was similar in the two groups, but the FIT was greater in the Group A (21.7° ± 1.2° vs 
18.4° ± 1 .3°, P < 0.001). However, there was no statistically significant difference between them in the postoperative 
period (7.4° ± 1.5° vs 7.1° ± 1.8°). In terms of clinical outcomes, both groups demonstrated a significant improvement 
in the postoperative period. However, the scores of the Group A significantly better (Kujula: 85.7 ± 5.0 vs 79.6 ± 4.8, 
P = 0.005; Lysholm: 86.8 ± 5.3 vs 80.2 ± 5.7, P = 0.006; IKDC: 86.1 ± 8.8 vs 75.5 ± 7.6, P = 0.004).

Conclusion FIT may be a more reliable indicator than FAA for evaluating FT in PD to determine whether combine 
DDFO or not, especially in the presence of posterior femoral condylar deformity. Posterior femoral condylar deform-
ity appeared to result in a pseudo-increase in FAA. Simultaneous evaluation of FIT and FAA to identify true posterior 
condylar deformity offers the potential to prevent enlargement of DDFO and enable precision treatment.
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Introduction
Patellar dislocation (PD) is a knee disorder that occurs 
in adolescents and young adults between the ages of 
15–19 years, with a higher incidence in females [1]. As 
a risk factor for PD, femoral torsion (FT) needs to be 
corrected [2, 3]. At this point, the consideration of per-
forming derotational distal femoral osteotomy (DDFO) 
becomes necessary [4–7]. The procedure involves the 
interception of a portion of the femur and subsequent 
rotation, which increases the medial pressure on the 
patellofemoral joint, reduces the lateral force, bal-
ances the uneven force on both sides caused by FT [8, 
9]. Additionally, some studies have indicated that when 
combined with medial patellofemoral ligament recon-
struction (MPFLR), satisfactory clinical outcomes can 
be achieved [10, 11].

Previous studies have predominantly equated the 
femoral anteversion angle (FAA) with FT [7, 12–15]. 
Moreover, excessive increased FAA is an indication 
for DDFO, although the FAA cutoff value is controver-
sial [6, 11, 16–18]. However, some studies suggested 
the morphology of the posterior condyle of the femur 
similarly affects FAA, and further confirmed that FAA 
is distinct from FT [19, 20]. A previous study observed 
that a shorter posterior lateral condyle than medial 
condyle was associated with increased FAA, and used 
the posterior condylar angle (PCA) to assess posterior 
condylar deformity [15].Therefore, abnormal posterior 
condyle morphology does affect FAA [21–23].

The majority of studies have focused on the effect 
of DDFO with the increased FAA alone, there is 
no research on whether posterior femoral condylar 
deformity has an impact [13, 24]. Therefore, this study 
was conducted to evaluate the efficacy of DDFO com-
bined with MPFLR for patients under the condition 
of meeting surgical indications. Furthermore, there 
have been studies proposing a redefinition of femoral 
intrinsic torsion (FIT) as FT unaffected by the pos-
terior femoral condyles [19, 25]. However, the objec-
tive of these studies has been limited to distinguishing 
FIT from FAA, without further exploring the potential 
applications of FIT in surgery. Based on this, an inves-
tigation was undertaken to determine whether FIT can 
better evaluate FT than FAA, especially in surgery. The 
findings of this study are expected to provide insights 
for the clinical application of DDFO combined with 
MPFLR.

Methods
This was a case–control study, approved by our hospi-
tal ethics committee (approval no. Ke2023-002–1) and 
informed consent was obtained from all study patients.

Participants
Patients who underwent DDFO combined with 
MPFLR for PD from 2017 to 2021 were retrospectively 
reviewed. The inclusion criteria were as follows: (1) two 
or more documented episodes of PD; (2) femoral ante-
version angle (FAA) at least 25°; (3) a history of DDFO 
combined with MPFLR; (4) a minimum follow-up 
period of 24 months. The exclusion criteria were as fol-
lows: (1) acute first PD, including traumatic or habitual 
PD; (2) previous knee surgery; (3) distal femur or prox-
imal tibia fracture; (4) knee varus or valgus (> 5°); (5) 
generalized joint laxity (Beighton score > 5/9) because 
it could adversely affect the final clinical outcome; (6) 
severe patellofemoral osteoarthritis; (7) missing clinical 
data (medical records, radiologic data, follow-up data, 
etc.); (8) deformed proximal femoral anatomy, includ-
ing proximal femoral fracture, Perthes disease, SCFE.

A total of 28 patients were enrolled based on the 
inclusion criteria, of which two patients had knee val-
gus and one had missing data according to the exclu-
sion criteria, yielding 25 final cases. According to the 
studies of J. Murgier et al. and Matsuda et al., the cut-
off of PCA was set to 6.4° [26, 27]. The patients were 
divided into two groups, Group A consisted of 12 
patients with PCA ≤ 6.4°, while Group B consisted of 13 
patients with PCA > 6.4° (Fig. 1). Patient demographics, 
including gender, age, height and weight were extracted 
from the medical records, and a body mass index (BMI) 
was calculated for each patient.

Computed tomography (CT) protocol
All imaging was acquired using a 16-detector-row CT 
scanner (SOMATOM Sensation 16; Siemens Medi-
cal Solutions) with standardized parameters: 512 × 512 
image matrix, X-ray tube voltage of 120  kV, tube cur-
rent of 100 mAs, rotation time of 1 s, slice thickness of 
1  mm, slice skip of 0  mm, field of view of 14  cm and 
bone kernel. The scanning range extended from the 
ilium to the toes. Patients were instructed to maintain 
full extension of the hip and knee joints and a neutral 
position of the feet throughout the scan.
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Measurements
Measurements of PCA, FAA and FIT
At the most obvious level of the ‘Roman Arch’, the fem-
oral talus and condylar pattern were clearly visible. The 
line passing through the prominences of the medial and 
lateral epicondyles was defined as the clinical transepi-
condylar axis (c-TEA, Fig. 2a), the tangent line passing 
through the last point of the medial and lateral poste-
rior condyles was defined as the posterior condylar line 
(PCL, Fig. 2a), and the angle formed by these two lines 
was PCA (Fig.  2b). As described by Chen et  al., the 
FAA was determined in the plane perpendicular to the 
femoral anatomical axis by a modified method based on 
Lee et al. [14, 19, 28]. The FAA was the angle between 
the line connecting the center of the femoral head and 

the midpoint of the femoral neck (PFA, Fig. 2b) and the 
PCL. The FIT was defined as the angle between the PFA 
and c-TEA (Fig. 2c).

Measurements of the patellar tilt angle (PTA), con-
gruence angle (CA) and tibial tubercle–trochlear 
groove distance (TT-TG).

The PTA was the angle formed by the line pass-
ing through the long axis of the patella and the PCL 
(Fig.  3a). The CA was defined as the angle formed by 
the angular bisector of the trochlear groove angle and 
the line of the lower pole of the patella (Fig.  3b). The 
TT-TG distance was measured between the lowest 
point of the femoral trochlear and the midpoint of the 
tibial tuberosity, both projected onto PCL reference 
line (Fig. 3c).

Fig. 1 Flowchart of the patient selection

Fig. 2 Measurements of PCA, FAA and FIT. a The posterior condylar line (PCL) was tangent to the medial and lateral posterior condyles of the distal 
femur. The clinical epicondylar axis (c-TEA) connected the prominences of the medial and lateral epicondyles. The angle between PCL and c-TEA 
was the posterior condylar angle (PCA). b The proximal femur axis (PFA) passed through center of the femoral head and the midpoint of the femoral 
neck. c The femoral anteversion angle (FAA) was the angle between the PFA and the PCL. The femoral inherent torsion (FIT) was defined 
as the angle between the PFA and c-TEA



Page 4 of 9Ni et al. BMC Musculoskeletal Disorders          (2025) 26:284 

All radiologic measurements were independently 
performed by two senior orthopaedic surgeons. Meas-
urements were conducted using the RadiAnt-DICOM 
software (Medixant Co., Ltd., Poznan, Poland), which 
automatically displays angles and distances with an accu-
racy of 0.1° and 0.1 mm, respectively. The intraobserver 
reliability was assessed by measuring twice from the same 
observer every 2 weeks. To ensure the interobserver and 
intraobserver reliability, the intragroup correlation coef-
ficient (ICC) was calculated. An ICC > 0.8 was considered 
to indicate excellent reliability (Table 1).

Surgical technique
All surgeries were conducted by a senior orthopedic sur-
geon with extensive experience in the treatment of patel-
lofemoral disorders.

DDFO
All patients underwent arthroscopy to evaluate cartilage 
and patellar tracking before DDFO. A lateral incision was 
made in the distal thigh, through which two Kirschner 
wires were vertically inserted into the femoral bone along 

the mechanical axis of the lower limb extremity to deter-
mine the osteotomy plane. Two more Kirschner wires 
were then inserted proximal to this plane to mark the 
rotation angle. Following completion of the osteotomy 
and rotation, a lateral femoral plate was positioned and 
fixed with screws. Final plate positioning was confirmed 
through fluoroscopic verification.

MPFLR
A double-bundle MPFLR was performed using an autol-
ogous semitendinosus graft. The femoral tunnel was 
positioned using osseous landmarks between the medial 
femoral epicondyle and the adductor tubercle, with 
intraoperative fluoroscopy according to Schöttle et  al.’s 
method [29]. Two patellar tunnels were drilled at the 
upper corner and central portion of the medial patellar 
border. The three ends of the graft were finally secured 
with absorbable screws.

Postoperative rehabilitation
All patients were enrolled in a standardized rehabilita-
tion protocol. Postoperatively, patients were instructed 
to wear protective lower extremity braces and perform 
rehabilitation exercises. Isometric quadriceps muscle 
training was initiated on the first day after surgery, with 
progressive range of motion (ROM) exercises being sys-
tematically introduced. Then, active and passive knee 
flexion and extension exercises as well as straight leg 
raising exercises were performed on a daily basis. Dur-
ing the initial recovery phase, protected weight-bearing 
with crutch assistance was recommended. Thereafter, 
full weightbearing was allowed as tolerated. Typically, 
six to eight weeks after surgery, the patient will be dis-
charged from crutches and will have regained full ROM. 

Fig. 3 Measurements of PTA, CA, TT-TG. a The patellar tilt angle (PTA) was defined as the angle between the patellar long axis line and the PCL. 
b The congruence angle (CA) was measured as the angle between the trochlear groove bisector and the patellar lower pole axis. c The tibial 
tubercle–trochlear groove (TT–TG) distance was the measurement between the lowest point of the femoral trochlear and tibial tuberosity midpoint 
projected onto the PCL reference line

Table 1 Interobserver and intraobserver reliability of radiological 
measurements

Interobserver ICC Intraobserver 
ICC

PCA 0.86 0.91

FAA 0.89 0.93

FIT 0.88 0.89

PFA 0.85 0.90

CA 0.84 0.88

TT-TG 0.87 0.89
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Resumption of previous sports activities was permitted 
gradually around 6 months after surgery.

Clinical assessment
All patients underwent standardized preoperative assess-
ment protocols, with a minimum 24 months of postop-
erative follow-up established through office visit and 
survey questionnaires. Knee function was reflected by 
patient-reported outcomes measure (PROM), including 
the Kujula score, Lysholm score, International Knee Doc-
umentation Committee (IKDC) subjective evaluation 
score, and activity level was assessed by the Tegner activ-
ity score [7, 10, 30–36]. Additionally, the visual analog 
scale (VAS) score was employed to assess pain control 
[18, 36, 37].

Statistical analysis
All data were analyzed using SPSS Statistics version 27 
(IBM, Armonk, NY, USA). Continuous variables were 
expressed as means with standard deviations or medians 
with interquartile ranges, while categorical variables were 
presented as numbers and percentages. To ascertain the 
normality of the data, the Kolmogorov–Smirnov test was 
applied. The independent sample t-test and paired t-test 
were employed for data that exhibited a normal distri-
bution, while the Mann–Whitney U test and Wilcoxon 
signed-rank test were used for non-parametric data. 
Fisher’s test was utilized to compare categorical variables. 
Statistical significance was defined as P < 0.05.

A post hoc power calculation was conducted using 
G-Power software version 3.1.9.7 (Heinrich-Heine-Uni-
versitat Dusseldorf, Dusseldorf, Germany). Under the 
conditions of two-tailed, effect size (d) = 0.8, α = 0.05, the 
sample size consisting of 12 patients in Group A and 13 
patients in Group B was found to yield a statistical power 
of 0.80.

Results
The demographic characteristics and PCA results for the 
total cohort of 25 patients across both groups were pre-
sented in Table  2, with an average follow-up period of 
28.5 ± 4.1  months. No statistically significant differences 
were detected in demographic characteristics between 
the two groups.

Radiographic outcomes
There was no significant difference in FAA between 
Group A and B preoperatively, and both were reduced 
postoperatively with no difference between two groups 
(Table  3). However, preoperative FIT measurements 
demonstrated a significant intergroup difference (Group 
A: 21.7° ± 1.2° vs Group B: 18.4° ± 1.3°), with greater FIT 
observed in the group possessing PCA. Postoperative 

FIT measurements (Group A: 7.4° ± 1.5° vs Group B: 
7.1° ± 1.8°) showed no statistically significant intergroup 
difference. Other imaging findings such as PTA, CA and 
TT-TG were also significantly improved postoperatively, 
with no significant difference between the two groups.

Clinical outcomes
Preoperatively, no significant differences were observed 
in PROM (Kujula score, Lysholm score, IKDC score), 
Tegner activity score and VAS score between the two 

Table 2 Patient demographic and PCA data

Group A Group B p value

Knee (n) 12 13 -

Sex (n) n.s

 Male 0 0

 Female 12 13

Age (year) 21.4 ± 6.4 21.2 ± 5.1 n.s

BMI (kg/m2) 25.2 ± 3.4 24.4 ± 3.7 n.s

Follow-up time (month) 28.8 ± 4.3 28.2 ± 3.9 n.s

Side (n) n.s

 Left 9 6

 Right 3 7

PCA (°) 5.6 ± 0.8 8.8 ± 1.6 0.001

Table 3 Comparison of radiological outcomes between Group 
A and B

Group A Group B P value

FAA (°)

 Preoperative 27.3 ± 1.5 27.7 ± 2.4 n.s

 Postoperative 13.6 ± 1.9 14.9 ± 2.3 n.s

 P value  < 0.05  < 0.05

FIT (°)

 Preoperative 21.7 ± 1.2 18.4 ± 1.3 0.001

 Postoperative 7.4 ± 1.5 7.1 ± 1.8 n.s

 P value  < 0.05  < 0.05

PTA (°)

 Preoperative 32.2 ± 6.3 33.2 ± 9.1 n.s

 Postoperative 17.8 ± 3.2 16.6 ± 7.0 n.s

 P value  < 0.05  < 0.05

CA (°)

 Preoperative 37.4 ± 9.3 36.8 ± 8.9 n.s

 Postoperative 16.1 ± 3.0 15.3 ± 2.6 n.s

 P value  < 0.05  < 0.05

TT-TG (mm)

 Preoperative 18.7 ± 2.3 19.2 ± 2.6 n.s

 Postoperative 15.8 ± 2.5 16.0 ± 2.1 n.s

 P value  < 0.05  < 0.05
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groups, whereas all of them showed significant improve-
ment after MPFLR combined with DFFO (Table 4). Sig-
nificantly higher values of Kujula, Lysholm, and IKDC 
scores were recorded in Group A compared to Group B. 
In contrast, no statistically significant differences were 
identified in Tegner activity and VAS score.

Discussion
The most important findings of this study were that FAA 
may be a less accurate method for determining FT and 
FIT is a better indicator, especially when considering per-
forming DFFO combined with MPFLR. Since eliminating 
interference from posterior femoral condylar deformity, 
the degree of FT should be based on the c-TEA rather 
than the PCL.

The PCA, defined as the angular measurement between 
the PCL and either the clinical transepicondylar axis 
(c-TEA) or the surgical transepicondylar axis (s-TEA), 
has been consistently referenced in prior anatomical 
studies [38, 39]. Comparative analyses have further estab-
lished the superior reliability of the c-TEA as a reference 
axis, due to the most prominent point on the medial epi-
condyle in the c-TEA is more easily recognizable than the 
medial epicondylar groove in the s-TEA [39, 40]. Within 
this context, the PCA has alternatively been character-
ized as the condylar torsional angle (CTA) [41]. In knee 
surgery, intraoperative PCA determination using 3° of 

external rotation relative to the c-TEA to achieve rota-
tional alignment [42, 43]. Consequently, it is believed that 
the normal PCA should be 3°. Even if there is a 2° dis-
crepancy between s-TEA and c-TEA, the typical value of 
trans-s-TEA is approximately 5° [26, 44]. However, recent 
studies have shown that the PCA is greater in Chinese 
[45]. A cohort study by J.Murgier et al. reported a mean 
PCA of 6.4°in Chinese [26]. The finding also corrobo-
rated by Matsuda et al. through MRI scans of the knee in 
the axial direction [27]. Based on these studies, we set the 
critical value of the PCA at 6.4°.

In some studies, posterior femoral condylar deformity 
has been described as a longer posterior medial condyle 
and a shorter posterior lateral condyle in PD patients [23, 
46]. It might result in an internal rotation of the PCL with 
respect to the transepicondylar axis (TEA). This anatomi-
cal configuration may increase PCA, with potentially an 
internal rotation of the PCL relative to the transepicon-
dylar axis (TEA), and a correlation between PCA and PD 
was also found by Roger et al. [22, 41]. However, it should 
be noted that posterior condylar deformity may not be 
the only factor. Rougereau et  al. found that an increase 
in PCA was also observed in patients with knee valgus 
in the absence of lateral condylar hypoplasia, which sug-
gests that knee valgus is also an important influencing 
factor [47]. In the present study, this phenomenon was 
not observed as we excluded patients with knee valgus 
due to the focus on posterior condylar deformity.

The FAA has conventionally used to determine the 
degree of rotation of the femur. However, it is worth not-
ing that FAA is affected by the measurement method, and 
different measurement methods will result in different 
sizes [48]. So using FAA as an indication for DDFO for 
FT may be inadequate. Meanwhile, Yang et al. observed 
that PCA was correlated with FAA in PD patients [15]. 
This finding challenges the conventional view that FAA 
and FT are directly equivalent, as the posterior femoral 
condylar deformity may also influence FAA. This issue 
was further highlighted by Chen et  al., who proposed 
that the angle between c-TEA and the PFA should be 
used as a novel FIT measurement metric independent of 
posterior condylar morphology [19]. Furthermore, pos-
terior condylar deformity might be as significant as the 
FIT in the increase of FA. In this study, it was observed 
that although the FIT was significantly smaller in patients 
with abnormal posterior condyles (21.7° ± 1.2° vs 18.4° ± 1 
0.3°, P < 0.001), the FAA was comparable in both groups 
(27.3° ± 1.5° vs 27.7° ± 2.4°). These results provided radio-
graphic evidence that posterior condylar abnormalities 
could lead to an increase in FAA.

MPFLR and DDFO are currently considered effec-
tive treatments for PD [6, 49–52]. While the involve-
ment of DDFO is necessitated by excessive increases in 

Table 4 Comparison of clinical outcomes between group A and 
B

Group A Group B P value

Kujula score

 Preoperative 54.4 ± 8.6 53.4 ± 9.2 n.s

 Postoperative 85.7 ± 5.0 79.6 ± 4.8 0.005

 P value  < 0.05  < 0.05

Lysholm score

 Preoperative 56.3 ± 6.8 55.3 ± 6.5 n.s

 Postoperative 86.8 ± 5.3 80.2 ± 5.7 0.006

 P value  < 0.05  < 0.05

IKDC score

 Preoperative 54.8 ± 6.4 54.2 ± 8.0 n.s

 Postoperative 86.1 ± 8.8 75.5 ± 7.6 0.004

 P value  < 0.05  < 0.05

Tegner activity score

 Preoperative 3.0 (3.0,4.0) 3.0 (2.0,4.0) n.s

 Postoperative 4.0 (4.0,5.0) 4.0 (3.0,5.0) n.s

 P value  < 0.05  < 0.05

VAS score

 Preoperative 4.6 ± 1.2 4.8 ± 1.1 n.s

 Postoperative 2.1 ± 1.0 2.2 ± 0.9 n.s

 P value  < 0.05  < 0.05
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FAA, its surgical indications remain controversial among 
researchers [16–18]. The threshold for FAA has not been 
definitively established at either 25° or 30° [6, 11]. In the 
present study, FAA measurements of 27.3° ± 1.5° and 
27.7° ± 2.4° were recorded for the two groups, which were 
also within this range. It is believed that this discrepancy 
may be related to the influence of PCA in PD patients. 
Based on the above, a new measurement method of 
femoral anteversion (S-FA) through the s-TEA was 
developed by Chen et al. to eliminate posterior condylar 
interference and better characterize femoral rotational 
deformity [25]. The authors further contended that FAA 
could not be considered as an independent risk factor 
for PD, while S-FA should be regarded as the real inde-
pendent risk factor. Additionally, FAA measured by the 
s-TEA is more effective than the TT-TG in evaluating PD 
[53]. Subsequent investigations by both Chen et al. and Li 
et al. proposed that FAA may not be a reliable indicator 
for patients with posterior condylar deformity [19, 34]. In 
our study, the FIT was measured in a manner analogous 
to S-FA by c-TEA, free from the influence of the poste-
rior femoral condyles. These findings suggest that FAA 
may not provide accurate determination of FT, whereas 
FIT appears to constitute a more reliable indicator.

In the study of Hao et  al. and Zhou et  al. [10, 35], 
DDFO combined with MPFLR was found to be more 
efficacious, particularly in patients with increased FAA. 
Wang et  al. revealed a significant improvement in the 
recurrence rate of re-dislocations as well as a better patel-
lar trajectory [18, 54]. The study also demonstrated that 
the combined surgery achieved favorable outcomes, 
showing significant improvement compared to preop-
erative baselines. However, differential efficacies were 
identified between patient subgroups, with normal pos-
terior condyle was significantly better (Kujula: 85.7 ± 5.0 
vs 79.6 ± 4.8, P = 0.005; Lysholm: 86.8 ± 5.3 vs 80.2 ± 5.7, 
P = 0.006; IKDC: 86.1 ± 8.8 vs 75.5 ± 7.6, P = 0.004).

The lateral patellofemoral joint was subjected to greater 
stress in PD patients, with this biomechanical imbalance 
having been predominantly attributed to attributed to 
the femur’s intrinsic torsion [8]. Further biomechanical 
analysis revealed that DDFO could alter the force dis-
tribution in the patellofemoral joint, characterized by 
elevated medial facet joint pressure concomitant with 
reduced lateral pressure. Although the axial torsion of 
the femoral condyles could be corrected, persistent mor-
phological anomalies were found in the posterior con-
dyles, specifically the longer posterior medial condyle 
and shorter posterior lateral condyle. Similarly, in cases 
of posterior condylar deformity, it was found that FAA 
has been influenced by the posterior condyle, resulting 
in a mere pseudo-increase, while maintaining relatively 
low actual FIT. These findings collectively support the 

hypothesis that surgical efficacy is principally mediated 
through FIT correction. Consequently, the evaluation of 
FT correction may be more accurately achieved through 
FIT measurements than through FAA.

Since smaller FIT values were observed in patients 
with posterior femoral condylar deformity, we purposed 
that DDFO may not constitute an essential intervention 
in this population, and that MPFLR alone may be effec-
tive. A biomechanical analysis of a normal human body 
conducted by Kasier et.al have established that additional 
DDFO was necessary only when internal femoral torsion 
exceeded 20° [24]. Importantly, MPFLR alone was found 
to provide adequate correction at 10° torsion. Fan et  al. 
evaluated the efficacy of MPFLR in combined DDFO by 
grouping torsions in different parts of the femur [36]. 
They similarly concluded that DDFO might not be nec-
essary for distal femoral torsions affected by the femo-
ral condyles, although satisfactory postoperative clinical 
outcomes were observed in the combined surgery.

Limitations
This study is subject to several limitations. First, the 
number of patients was limited, with a small sample size 
and a relatively short follow-up time. Second, this study 
was a retrospective analysis, and additional prospective 
studies are essential to corroborate the findings. Third, 
we have only studied the clinical aspects of posterior 
femoral condylar deformity, further biomechanical stud-
ies are required to assess the impact of posterior condy-
lar developmental abnormalities on the outcomes. Forth, 
this study only included patients who underwent MPFLR 
combined with DDFO, which could affect the generali-
zation of our results. Fifth, since the study population is 
Chinese, due to the racial differences in PCA, it is not 
representative of all populations. Finally, this retrospec-
tive study was a single-center study with potential selec-
tion bias, and the generalizability of the findings will be 
further verified in the future through multicenter collab-
oration with long-term follow-up.

Conclusion
FAA may be a less accurate method of evaluating FT in 
PD when performing DDFO combined with MPFLR. 
Our preliminary findings suggest that FIT might be a 
better indicator to determine whether combine DDFO 
or not. Posterior femoral condylar deformity appeared 
to result in a pseudo-increase in FAA, and DDFO com-
bined with MPFLR might primarily correct an over-
sized FIT. The combined surgery is effective in PD 
patients with posterior condylar deformity, although 
not as effective as in patients with normal posterior 
condyles. Therefore, we suggest considering both FIT 
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and FAA together in order to detect true posterior 
condylar deformity, offering the possibility for precise 
treatment by surgeons to selectively avoid enlargement 
of DDFO.

Abbreviations
PD  Patellar dislocation
FT  Femoral torsion
DDFO  Derotational distal femoral osteotomy
MPFLR  Medial patellofemoral ligament reconstruction
FAA  Femoral anteversion angle
PCA  Posterior condylar angle
FIT  Femoral inherent torsion
BMI  Body mass index
CT  Computed tomography
TT-TG  Tibial tubercle–trochlear groove distance
c-TEA  Clinical transepicondylar axis
PCL  Posterior condylar line
PFA  Proximal femur axis
PTA  Patellar tilt angle
CA  Congruence angle
ICC  Intragroup correlation coefficient
ROM  Range of motion
PROM  Patient-reported outcomes measure
IKDC  International Knee Documentation Committee
VAS  Visual analog scale
s-TEA  Surgical transepicondylar axis
CTA   Condylar torsion angle
TEA  Transepicondylar axis
S-FA  The femoral anteversion measured by SEA, the angle between the 

SEA and PFA

Acknowledgements
We thank all colleagues in the Third Hospital of Hebei Medical University.

Clinical trial number
Not applicable.

Authors’ contributions
ZN: The first author, project design, material preparation, paper writing. KL: The 
co-first author, theoretical support, data analysis. XC: The co-author, patient 
selection, data collection. YH: The co-author, drawing graph. JZ: The co-author, 
data collection. FW: Corresponding author, The primary investigator, project 
design, theoretical support, manuscript review and revision.

Funding
This research is supported by the Natural Science Foundation of Hebei Prov-
ince (H2022206534).

Data availability
The data sets used or analysed during the current study are available from the 
corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
All procedures performed were in accordance with the ethical standards of 
the institutional review board and with the 1964 Helsinki Declaration and its 
later amendments or comparable ethical standards. The study was approved 
by the Ethics Review Committee of the Third Hospital of Hebei Medical 
University before study commencement (approval no. Ke2023-002–1). Written 
informed consent was obtained from all patients for enrollment in this study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Orthopaedic Surgery, Hebei Medical University Third Hospital, 
Shijiazhuang, Hebei 050051, China. 2 Hebei Medical University, Shijiazhuang, 
Hebei 050017, China. 

Received: 20 October 2024   Accepted: 12 March 2025

References
 1. DeFroda SF, Hodax JD, Cruz AI Jr. Patellar Instability. J Pediatr. 

2016;173:258-258.e251.
 2. Qiao Y, Zhang X, Xu J, Xu C, Zhao S, Zhao J. Internal Torsion of the Knee: 

An Embodiment of Lower-Extremity Malrotation in Patients with Patellar 
Instability. J Bone Joint Surg Am. 2022;104(13):1179–87.

 3. Kaiser P, Schmoelz W, Schoettle P, Zwierzina M, Heinrichs C, Attal R. 
Increased internal femoral torsion can be regarded as a risk factor for 
patellar instability - A biomechanical study. Clin Biomech (Bristol, Avon). 
2017;47:103–9.

 4. Hinz M, Cotic M, Diermeier T, Imhoff FB, Feuerriegel GC, Woertler K, 
Themessl A, Imhoff AB, Achtnich A. Derotational distal femoral osteotomy 
for patients with recurrent patellar instability and increased femoral 
antetorsion improves knee function and adequately treats both tor-
sional and valgus malalignment. Knee Surg Sports Traumatol Arthrosc. 
2023;31(8):3091–7.

 5. Cao Y, Zhang Z, Shen J, Song G, Ni Q, Li Y, Zheng T, Zhang H. Derota-
tional distal femoral osteotomy yields satisfactory clinical outcomes in 
pathological femoral rotation with failed medial patellofemoral ligament 
reconstruction. Knee Surg Sports Traumatol Arthrosc. 2022;30(5):1809–17.

 6. Ribeiro R, Gomes E, Ferreira B, Figueiredo I, Valente C, Delgado D, 
Sánchez M, Andrade R, Espregueira-Mendes J. Derotational distal femoral 
osteotomy corrects excessive femoral anteversion in patients with patel-
lofemoral instability: A systematic review. Knee Surg Sports Traumatol 
Arthrosc. 2024;32(3):713–24.

 7. Zhang Z, Wang D, Di M, Zheng T, Zhang H. Surgical treatment for recur-
rent patellar dislocation with severe torsional deformities: Double-level 
derotational osteotomy may not have a clear advantage over single-level 
derotational osteotomy in improving clinical and radiological outcomes. 
Knee Surg Sports Traumatol Arthrosc. 2024;32(9):2248–57.

 8. Liska F, von Deimling C, Otto A, Willinger L, Kellner R, Imhoff AB, Burgkart 
R, Voss A. Distal femoral torsional osteotomy increases the contact pres-
sure of the medial patellofemoral joint in biomechanical analysis. Knee 
Surg Sports Traumatol Arthrosc. 2019;27(7):2328–33.

 9. Kaiser P, Konschake M, Loth F, Plaikner M, Attal R, Liebensteiner M, 
Schlumberger M. Derotational femoral osteotomy changes patella tilt, 
patella engagement and tibial tuberosity trochlear groove distance. Knee 
Surg Sports Traumatol Arthrosc. 2020;28(3):926–33.

 10. Hao K, Niu Y, Kong L, Wang F. Medial patellofemoral ligament recon-
struction combined with derotational distal femoral osteotomy yields 
better outcomes than isolated procedures in patellar dislocation with 
increased femoral anteversion. Knee Surg Sports Traumatol Arthrosc. 
2023;31(7):2888–96.

 11. Zhang Z, Song G, Li Y, Zheng T, Ni Q, Feng H, Zhang H. Medial Patel-
lofemoral Ligament Reconstruction With or Without Derotational Distal 
Femoral Osteotomy in Treating Recurrent Patellar Dislocation With 
Increased Femoral Anteversion: A Retrospective Comparative Study. Am J 
Sports Med. 2021;49(1):200–6.

 12. Georgiadis AG, Siegal DS, Scher CE, Zaltz I. Can femoral rotation be local-
ized and quantified using standard CT measures? Clin Orthop Relat Res. 
2015;473(4):1309–14.

 13. Hatem M, Khoury AN, Erickson LR, Jones AL, Martin HD. Femoral Derota-
tion Osteotomy Improves Hip and Spine Function in Patients With 
Increased or Decreased Femoral Torsion. Arthroscopy. 2021;37(1):111–23.

 14. Schmaranzer F, Kallini JR, Miller PE, Kim YJ, Bixby SD, Novais EN. The Effect 
of Modality and Landmark Selection on MRI and CT Femoral Torsion 
Angles. Radiology. 2020;296(2):381–90.



Page 9 of 9Ni et al. BMC Musculoskeletal Disorders          (2025) 26:284  

 15. Yang G, Dai Y, Dong C, Kang H, Niu J, Lin W, Wang F. Distal femoral 
morphological dysplasia is correlated with increased femoral torsion in 
patients with trochlear dysplasia and patellar instability. Bone Joint J. 
2020;102-b(7):868–73.

 16. Hao K, Niu Y, Feng A, Wang F. Outcomes After Derotational Distal Femoral 
Osteotomy for Recurrent Patellar Dislocations With Increased Femoral 
Anteversion: A Systematic Review and Meta-analysis. Orthop J Sports 
Med. 2023;11(7):23259671231181600.

 17. Nelitz M, Dreyhaupt J, Williams SR, Dornacher D. Combined supra-
condylar femoral derotation osteotomy and patellofemoral ligament 
reconstruction for recurrent patellar dislocation and severe femoral ante-
version syndrome: surgical technique and clinical outcome. Int Orthop. 
2015;39(12):2355–62.

 18. Wang D, Zheng T, Cao Y, Zhang Z, Di M, Fu Q, Sun J, Zhang H. Derota-
tional distal femoral osteotomy improves subjective function and patellar 
tracking after medial patellofemoral ligament reconstruction in recurrent 
patellar dislocation patients with increased femoral anteversion: A sys-
tematic review and meta-analysis. Knee Surg Sports Traumatol Arthrosc. 
2024;32(1):151–66.

 19. Chen X, Li K, Wang L, Wang F. Axial orientation of the femoral trochlea is 
superior to femoral anteversion for predicting patellar instability. Knee 
Surg Sports Traumatol Arthrosc. 2023;31(7):2861–9.

 20. Fan C, Niu Y, Wang F. Local torsion of distal femur is a risk factor for patel-
lar dislocation. J Orthop Surg Res. 2023;18(1):163.

 21. Gillespie D, Mandziak D, Howie C. Influence of posterior lateral femoral 
condyle geometry on patellar dislocation. Arch Orthop Trauma Surg. 
2015;135(11):1503–9.

 22. Roger J, Lustig S, Cerciello S, Bruno CF, Neyret P, Servien E. Short lateral 
posterior condyle is associated with trochlea dysplasia and patellar dislo-
cation. Knee Surg Sports Traumatol Arthrosc. 2019;27(3):731–9.

 23. Chen X, Ji G, Xu C, Wang F. Association Between Femoral Ante-
version and Distal Femoral Morphology in Patients With Patel-
lar Dislocation and Trochlear Dysplasia. Orthop J Sports Med. 
2023;11(8):23259671231181936.

 24. Kaiser P, Schmoelz W, Schöttle PB, Heinrichs C, Zwierzina M, Attal R. Iso-
lated medial patellofemoral ligament reconstruction for patella instability 
is insufficient for higher degrees of internal femoral torsion. Knee Surg 
Sports Traumatol Arthrosc. 2019;27(3):758–65.

 25. Chen J, Yin B, Yao J, Zhou Y, Zhang H, Zhang J, Zhou A. Femoral antever-
sion measured by the surgical transepicondylar axis is a reliable param-
eter for evaluating femoral rotational deformities in patients with patellar 
dislocation. Knee Surg Sports Traumatol Arthrosc. 2023;31(8):3061–9.

 26. Murgier J, Chantalat É, Li K, Chiron P, Telmon N, Huang W, Berard E, 
Cavaignac E. Distal femoral torsion: Differences between caucasians and 
asians. A multicentre computed tomography study of 515 distal femurs. 
Orthop Traumatol Surg Res. 2018;104(7):997–1001.

 27. Matsuda S, Miura H, Nagamine R, Mawatari T, Tokunaga M, Nabeyama 
R, Iwamoto Y. Anatomical analysis of the femoral condyle in normal and 
osteoarthritic knees. J Orthop Res. 2004;22(1):104–9.

 28. Lee YS, Oh SH, Seon JK, Song EK, Yoon TR. 3D femoral neck anteversion 
measurements based on the posterior femoral plane in ORTHODOC 
system. Med Biol Eng Comput. 2006;44(10):895–906.

 29. Schöttle PB, Schmeling A, Rosenstiel N, Weiler A. Radiographic landmarks 
for femoral tunnel placement in medial patellofemoral ligament recon-
struction. Am J Sports Med. 2007;35(5):801–4.

 30. Kujala UM, Jaakkola LH, Koskinen SK, Taimela S, Hurme M, Nelimarkka O. 
Scoring of patellofemoral disorders. Arthroscopy. 1993;9(2):159–63.

 31. Hefti F, Müller W, Jakob RP, Stäubli HU. Evaluation of knee ligament 
injuries with the IKDC form. Knee Surg Sports Traumatol Arthrosc. 
1993;1(3–4):226–34.

 32. Lysholm J, Gillquist J. Evaluation of knee ligament surgery results 
with special emphasis on use of a scoring scale. Am J Sports Med. 
1982;10(3):150–4.

 33. Tegner Y, Lysholm J. Rating systems in the evaluation of knee ligament 
injuries. Clin Orthop Relat Res. 1985;198:43–9.

 34. Li K, Chen X, Huo Z, Kang H, Wang B, Wang F. Decreased femoral trochlea 
axial orientation corrected by derotational distal femur osteotomy in 
patients with patellar dislocation yields satisfactory outcomes. Knee Surg 
Sports Traumatol Arthrosc. 2024;32(8):1938–45.

 35. Zhou K, Sun Z, Feng A, Guo H, Sun R, Niu Y, Liu L, Wang X. Derotational 
distal femur osteotomy combined with medial patellofemoral ligament 

reconstruction yields satisfactory results in recurrent patellar dislocation 
with excessive femoral anteversion angle and trochlear dysplasia. Knee 
Surg Sports Traumatol Arthrosc. 2023;31(10):4347–54.

 36. Fan C, Niu Y, Hao K, Kong L, Huo Z, Lin W, Wang F. Clinical outcomes 
of derotational femoral osteotomy combined with medial patel-
lofemoral ligament reconstruction in patients with patellar disloca-
tion and increased femoral anteversion unaffected by the pattern of 
distribution of femoral torsion. Knee Surg Sports Traumatol Arthrosc. 
2024;32(1):19–28.

 37. Flandry F, Hunt JP, Terry GC, Hughston JC. Analysis of subjec-
tive knee complaints using visual analog scales. Am J Sports Med. 
1991;19(2):112–8.

 38. Viel T, Casin C, Ducellier F, Steiger V, Bigorre N, Bizot P. Is radiographic 
measurement of distal femoral torsion reliable? Orthop Traumatol Surg 
Res. 2013;99(5):517–22.

 39. Akagi M, Yamashita E, Nakagawa T, Asano T, Nakamura T. Relationship 
between frontal knee alignment and reference axes in the distal femur. 
Clin Orthop Relat Res. 2001;388:147–56.

 40. Suter T, Zanetti M, Schmid M, Romero J. Reproducibility of measure-
ment of femoral component rotation after total knee arthroplasty using 
computer tomography. J Arthroplasty. 2006;21(5):744–8.

 41. Chang MJ, Jeong HJ, Kang SB, Chang CB, Yoon C, Shin JY. Relationship 
Between Coronal Alignment and Rotational Profile of Lower Extremity in 
Patients With Knee Osteoarthritis. J Arthroplasty. 2018;33(12):3773–7.

 42. Griffin FM, Insall JN, Scuderi GR. The posterior condylar angle in osteoar-
thritic knees. J Arthroplasty. 1998;13(7):812–5.

 43. Kobayashi H, Akamatsu Y, Kumagai K, Kusayama Y, Ishigatsubo R, Mura-
matsu S, Saito T. The surgical epicondylar axis is a consistent reference 
of the distal femur in the coronal and axial planes. Knee Surg Sports 
Traumatol Arthrosc. 2014;22(12):2947–53.

 44. Victor J. Rotational alignment of the distal femur: a literature review. 
Orthop Traumatol Surg Res. 2009;95(5):365–72.

 45. Yip DK, Zhu YH, Chiu KY, Ng TP. Distal rotational alignment of the Chi-
nese femur and its relevance in total knee arthroplasty. J Arthroplasty. 
2004;19(5):613–9.

 46. Liu X, Ji G, Wang X, Kang H, Wang F. CT-based morphological analysis of 
the posterior femoral condyle in patients with trochlear dysplasia. Knee. 
2017;24(2):231–6.

 47. Rougereau G, Pujol N, Langlais T, Boisrenoult P. Is lateral femoral condyle 
hypoplasia a feature of genu valgum? A morphological computed 
tomography study of 200 knees. Orthop Traumatol Surg Res. 2023;109(4): 
103582.

 48. Kaiser P, Attal R, Kammerer M, Thauerer M, Hamberger L, Mayr R, 
Schmoelz W. Significant differences in femoral torsion values depend-
ing on the CT measurement technique. Arch Orthop Trauma Surg. 
2016;136(9):1259–64.

 49. Tian G, Yang G, Zuo L, Li F, Wang F. Femoral derotation oste-
otomy for recurrent patellar dislocation. Arch Orthop Trauma Surg. 
2020;140(12):2077–84.

 50. Imhoff FB, Cotic M, Liska F, Dyrna FGE, Beitzel K, Imhoff AB, Herbst 
E. Derotational osteotomy at the distal femur is effective to treat 
patients with patellar instability. Knee Surg Sports Traumatol Arthrosc. 
2019;27(2):652–8.

 51. Swarup I, Elattar O, Rozbruch SR. Patellar instability treated with distal 
femoral osteotomy. Knee. 2017;24(3):608–14.

 52. Drapeau-Zgoralski V, Swift B, Caines A, Kerrigan A, Carsen S, Pickell M. 
Lateral Patellar Instability. J Bone Joint Surg Am. 2023;105(5):397–409.

 53. Chen J, Ma X, Ma J, Zhang S, Wang Y, Bai H, Lu B, Wu Y, Dai J: Femoral 
anteversion angle is more advantageous than TT-TG distance in evaluat-
ing patellar dislocation: A retrospective cohort study. Knee Surg Sports 
Traumatol Arthrosc 2024. https:// doi. org/ 10. 1002/ ksa. 12475.

 54. Wang D, Zhang Z, Cao Y, Song G, Zheng T, Di M, Sun J, Fu Q, Wang X, 
Zhang H. Recurrent patellar dislocation patients with high-grade J-sign 
have multiple structural bone abnormalities in the lower limbs. Knee 
Surg Sports Traumatol Arthrosc. 2024;32(7):1650–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1002/ksa.12475

	Femoral inherent torsion is more accurate than femoral anteversion angle in evaluating femoral torsion to determine whether combine derotational distal femoral osteotomy or not
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Participants
	Computed tomography (CT) protocol
	Measurements
	Measurements of PCA, FAA and FIT

	Surgical technique
	DDFO
	MPFLR

	Postoperative rehabilitation
	Clinical assessment
	Statistical analysis

	Results
	Radiographic outcomes
	Clinical outcomes

	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


