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Abstract
Purpose  Excessive femoral internal torsion is an important risk factor for patellar dislocation. The aim of the present study 
was to estimate the effect of derotational osteotomy of the femur on the tibial tubercle trochlear groove (TTTG) distance 
or patellar tilt angle (PTA) and to report our clinical outcomes of recurrent patellar dislocation after femoral derotation 
osteotomy.
Methods  A retrospective analysis of 16 patients (17 knees) with recurrent patellar dislocation treated by femoral derota-
tion osteotomy in our department from January 2016 to February 2019 was carried out. The procedure was performed with 
supracondylar femoral derotation. A few procedures were combined with soft tissue procedures. Knee function was evaluated 
by using the International Knee Documentation Committee (IKDC) score, Kujala score, Lysholm score, visual analog scale 
(VAS) score and patient satisfaction. Additionally, CT was used to assess the influence of femoral derotational osteotomy 
on TTTG distance and PTA.
Results  The average femoral antetorsion angle before surgery was 33° (SD ± 5°), and the intraoperative correction angle was 
23° (SD ± 4°). A total of 17 femoral derotation osteotomies in 16 patients with patellar instability [11 females, 5 males, aged 
20.8 (range 15–41) years] were included in the study. No dislocation occurred within 26.5 months after follow-up (range 
12–49 months). The IKDC score, Kujala score, Lysholm score and VAS score significantly improved. The preoperative TTTG 
distance was 15.63 mm (SD ± 2.07 mm), and it was 14.69 mm (SD ± 1.78 mm) at the follow-up. The PTA decreased from 
26.35° (SD ± 6.86°) to 11.65° (SD ± 2.85°). The powers of TTTG and PTA measurements are 0.78 and 1.00, respectively 
and all of these differences were statistically significant.
Conclusions  Derotational osteotomy of the femur for the treatment of recurrent patellar dislocation can achieve good clinical 
results, including improved TTTG distance and PTA and improved knee function.
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Introduction

In the clinical work of orthopedic surgeons, patellofemo-
ral problems are considered to be one of the most common 
diseases, with the highest incidence observed in adoles-
cents and active young adults. Increased femoral internal 
torsion is a known risk factor for patellofemoral disloca-
tion. Some studies [8, 10, 13] have found that patients with 
anterior knee pain or patellofemoral joint instability often 
have greater femoral internal torsion than healthy controls, 
and femoral derotation osteotomy is recommended as a 
treatment in cases of increased femoral antetorsion [13]. 
However, increased femoral internal torsion are often not 
detected in time; therefore, dislocation of the patella cannot 
be effectively treated [1, 14]. Derotation osteotomy for the 
treatment of patellar dislocation requires a combination of 
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clinical symptoms and detailed physical examination as well 
as a comprehensive multijoint radiological assessment.

In the normal adult population, the range of femoral 
internal torsion is generally between 5° and 15°. Nelitz et al. 
reported the angle of femoral internal torsion is greater than 
25° is considered a risk factor for patellar instability and 
recommended that the goal of the operation was to correct 
the excessive femoral internal torsion to 15° [16]. However, 
increased femoral internal torsion is common in children, 
but most cases can correct themselves as the skeletal sys-
tem grows and develops, and surgery correction may be 
needed if excessive femoral internal torsion continues into 
adolescence > 25° to 30° [17]. Furthermore, this femoral 
deformity can cause many clinical manifestations, includ-
ing anterior knee pain, patellar dislocation or subluxations, 
and abnormal gait [17, 19, 24, 25]. Previous studies have 
reported that derotational osteotomy of the femur has a good 
patient subjective effect for the treatment of patellar insta-
bility, and neglecting the treatment of patellar dislocation 
with torsional deformity of the femur will greatly affect the 
outcomes of other treatments [7, 11, 17]. However, few stud-
ies have objectively assessed patellofemoral alignment via 
imaging.

Our research objectives were as follows: (1) to estimate 
the effect of femoral derotational osteotomy on the TTTG 
distance and patellar tilt angle (PTA); (2) to report on the 

improvement of knee function and the degree of pain after 
derotational osteotomy in the distal femur; and (3) to assess 
the effect of the TTTG distance on clinical outcomes and 
after surgery by grouping.

Materials and methods

Patients

In our study, 17 femoral derotation osteotomies in 16 
patients with patellar instability [11 females, 5 males, aged 
20.8 (range 15–41) years], performed from January 2016 to 
February 2019 were included (Table 1). One of the patients 
underwent bilateral knee surgery within 2 years. For patients 
with patellofemoral instability, we performed a detailed clin-
ical examination and continuous CT scans of the hip, knee, 
and ankle and measured the PTA and the TTTG distance 
on axial CT.

The following inclusion criteria were defined for this 
study:

1.	 Excessive femoral internal torsion (≥ 25°) and
2.	 Physiologic trochlea and Dejour type A or B trochlear 

dysplasia [6] and
3.	 Patellar dislocations (≥ 2 times).

Table 1   Anonymized patient list

Patient M/F Age BMI Anterior 
knee pain

R/L knee Femoral 
antever-
sion

Surgery

1 F 17 27.00 Yes L 29 Derotational osteotomy at the distal femur
2 F 16 24.70 Yes R 25 Derotational osteotomy at the distal femur and medial retinaculum constriction
3 F 15 26.80 Yes L 36 Derotational osteotomy at the distal femur and medial retinaculum constriction
4 F 19 22.50 Yes R 27 Derotational osteotomy at the distal femur
5 F 28 26.70 Yes L 34 Derotational osteotomy at the distal femur
6 F 18 23.50 Yes L 30 Derotational osteotomy at the distal femur
7 M 17 27.80 Yes L 38 Derotational osteotomy at the distal femur and medial patellofemoral ligament 

reconstruction
8 F 16 28.10 Yes R 35 Derotational osteotomy at the distal femur
9 F 17 23.10 Yes R 41 Derotational osteotomy at the distal femur
10 M 16 20.00 Yes R 31 Derotational osteotomy at the distal femur
11 M 30 22.30 Yes L 33 Derotational osteotomy at the distal femur and medial retinaculum constriction
12 M 41 23.80 No L 34 Derotational osteotomy at the distal femur and medial retinaculum constriction
13 F 22 19.50 Yes R 34 Derotational osteotomy at the distal femur and medial patellofemoral ligament 

reconstruction
14 F 25 23.80 Yes R 43 Derotational osteotomy at the distal femur
15 F 20 26.80 Yes R 29 Derotational osteotomy at the distal femur and medial retinaculum constriction
16 M 17 21.40 Yes R 32 Derotational osteotomy at the distal femur and medial patellofemoral ligament 

reconstruction
17 F 20 23.10 Yes R 31 Derotational osteotomy at the distal femur and medial patellofemoral ligament 

reconstruction
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No patient had previously undergone orthopedic surgery. 
We also performed a comprehensive assessment of all other 
causes of anterior knee pain in all patients, including but not 
limited to lower extremity torsion deformities, neuropsychi-
atric systems, and hip, knee, and ankle joint arthropathy. The 
minimum follow-up time was 12 months.

The exclusion criteria were open epiphysis, lower extrem-
ity deformities after trauma, joint replacement of the lower 
limbs, severe knee valgus or varus (> 5°) deformities and 
severe trochlear dysplasia including Dejour type C and D 
dysplasia. Moreover, tibial torsional deformity was also 
excluded.

Clinical imaging investigation

In all patients, the degree of damage to soft tissue around 
the patella was assessed by magnetic resonance imaging 
(MRI) prior to surgery. Preoperative knee X-ray exami-
nations included a full-length anteroposterior view of the 
lower extremity with weight-bearing and a lateral view of 
the knee with 45° of flexion to evaluate lower extremity 
malalignment and the patella alta. CT images were taken 
of the hips, knees, and ankles preoperatively, and femoral 
internal torsion was determined by the techniques described 
by Waidelich et al. [29] femoral internal torsion was defined 
as the angle between two lines, one of which was the line 
connecting the center of an ellipse around the greater tro-
chanter on one slice and the center of the femoral head on 
another slice. The other line was a line tangent to the pos-
terior condyles on an axial image. The TTTG distance and 
PTA were also measured on axial CT scans in all patients. 
The TTTG distance was measured between two parallel lines 
perpendicular to the posterior condylar tangents: one line 
passed the foremost point of the tibial tubercle, and the other 
line passed the deepest point of the trochlear groove [6]. 
The PTA was defined as the angle between the line tangent 
to the posterior femoral condyles and the longest axis of the 
patella on a transverse image [13]. CT scans of the knee and 
hip joints and radiographic examinations of the knee joint 
including anteroposterior and lateral views were performed 
postoperatively.

For subjective scores, the Kujala Score [5], the IKDC 
score, the Lysholm score and VAS score were determined 
at the most recent postoperative follow-up and compared 
with preoperative records. Changes in the above scores 
reflect improvement or worsening of knee function and 
pain. Patient satisfaction after the surgery was carefully 
evaluated by asking the patients if they were satisfied, and 
the results were divided into very satisfied, satisfied, par-
tially satisfied, or dissatisfied. All the postoperative clinical 
assessments compared with preoperative assessments were 
collected at last follow-up. Furthermore, Studies reported 
that TTTG > 20 mm was often considered as a cause of 

patellar dislocation, we set up two groups of all patients 
(TTTG > 20 mm in group A, TTTG ≤ 20 mm in group B) 
to assess the influence of TTTG on PTA and knee function.

The review and measurement of the above data informa-
tion were done independently by two of us. In order to solve 
the disagreements or inconsistencies of the data collection, 
there would be a third author involved in the discussion and 
resolution.

Surgery

Patients typically suffered from patellar dislocation in both 
limbs. Considering the safety of the operation and the time 
of postoperative recovery, we chose to have surgery on a 
more painful leg. All patients underwent arthroscopy to 
evaluate the cartilage and patellar tracking before the tor-
sional osteotomy and to remove abnormal synovial tissue 
from the knee joint if necessary.

For torsional correction, the osteotomy level was deter-
mined by drilling two Kirschner wires (a) perpendicular to 
the mechanical axis of the lower extremity on the femur. 
The intraoperative torsion angle was controlled by using two 
other Kirschner wires that were parallel (b) to each other 
and placed at the ends of the osteotomy level, and the femur 
was fixed with a Tomofix distal femoral plate (DePuy Syn-
thes, Umkirch, Germany) with 10 screws after osteotomy. 
According to the patellar tracking and patellar glide test 
after temporary fixation of the joint capsule, intraarticular 
pathologies were treated with medial retinaculum reefing or 
MPFL reconstruction after the osteotomy. We chose MPFL 
reconstruction in the case where the medial patellofemoral 
ligament had been ruptured on the MRI image, otherwise 
we chose strengthening sutures of the medial retinaculum 
(Fig. 1).

On the second day after surgery, the patients could walk 
on the ground under partial load bearing (30 kg) with knee 
orthoses and double crutches and were recommended to per-
form quadriceps exercises, and knee flexion angle to reach 
90° in the first week and reach normal angle 3 months after 
surgery. Patients can give up crutches and orthoses 3 months 
after surgery.

Statistical analysis

At least 17 cases per group were needed to reach an effect 
size of 0.5, a power of 0.8, and an alpha of 0.05 using 
G*power v.3.1 (G*power, Dusseldorf, Germany). Statistical 
analysis was performed with SPSS 23.0 (SPSS Inc. Chicago, 
IL, USA). All the parametric data were analyzed by paired 
Student’s t test. Numeric data are shown as the mean ± stand-
ard deviation. A P value less than 0.05 was considered sta-
tistically significant. And G*power was used to do a power 
analysis for the TTTG and PTA measurements.
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Results

The average follow-up time of this study was 26.5 (range 
12–49) months. The follow-up examinations involved the 
imaging studies and functional scores mentioned above.

Angle of femoral internal torsion

The preoperative femoral internal torsion angle was 33° 
(SD ± 5°, range 25° to 43°). The angle of correction during 
surgery is 23° (SD ± 4°) and the femoral internal torsion 
angle was corrected to 10° (SD ± 3°) postoperatively. We 
illustrate a CT image with a calculation of the femur rota-
tional axis before and after surgery (Fig. 2).

Dislocation of the patella

Sixteen patients (17 knees) had experienced recurrent patel-
lar dislocation, and one of them had suffered recurrent dislo-
cation almost weekly before surgery. No patellar dislocation 
occurred after surgery.

TTTG distance and the PTA

The mean TTTG distance before surgery was 15.6 ± 2.1 mm, 
while it was 14.7 ± 1.8 mm after surgery. The mean PTA 
before and after surgery was 26.4° ± 6.9° and 11.7° ± 2.9°, 
respectively. The powers of TTTG and PTA measurements 
are 0.78 and 1.00, respectively. The above differences were 

statistically significant. (p < 0.05) (Table 2) However, no 
significant differences were found in the change in the PTA 
between the two groups after the operation (Table 3). It can 
be seen that the patellofemoral joint alignment was well 
improved after the operation according to CT of the knee 
joint (Fig. 3). Since medial patellar ligament reconstruction 
or medial retinaculum reefing can also improve PTA, we 
analyzed the changes of PTA in patients who underwent iso-
lated derotational femoral osteotomy. The mean PTA before 

Fig. 1   An intraoperative photograph of femoral derotational osteot-
omy (A); the osteotomy level was determined by two K wires (a). The 
derotational angle was controlled by another two K wires (b). Double 
bundle MPFL reconstruction (B): the MPFL insertion position on the 
femoral side is located behind the midpoint of the adductor tubercle 

and epicondylus medialis femoris. The insertion site of the patellar 
side is located at the midpoint of the inner edge of the patella and at 
a distance of about 7 mm from the upper pole of patella, respectively. 
Medial retinaculum reefing (C). Tighten the two sides of the incision 
on the medial retinaculum

Fig. 2   The preoperative femoral internal torsion angle was increased 
to 31° (a), and the postoperative angle was 14° (b). The dotted line 
in the picture is parallel to the connection between the center of the 
femoral neck and the center of the femoral head
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and after surgery was 22.50° ± 4.89° and 10.5° ± 2.32°, 
respectively. The difference was statistically significant 
(p < 0.05).

Subjective scores (Lysholm/IKDC/Kujala/VAS/patient 
satisfaction)

Compared with the preoperative Kujala score (59.9 ± 7.9), 
the postoperative Kujala score significantly increased to 
80.7 ± 7.2, while the IKDC score significantly increased 
from 48.0 ± 11.2 to 72.6 ± 9.3. The average Lysholm score 
was 56.7 ± 10.5 before osteotomy and 77.9 ± 7.7 upon re-
evaluation after the procedure. The postoperative VAS 
score was only 1.9, and the preoperative pain score was 4.6 
(Table 2). These results suggested a marked improvement in 
the stability of the patients’ patella after surgery. In addition, 
there were no significant differences in the change in the 
subjective scores postoperatively between the two groups 
(Table 3). The results of patient satisfaction with the proce-
dure were as follows: 8 (47%) patients were very satisfied 
results, 6 (35%) were satisfied, 2 (12%) were partially satis-
fied, and 1 (6%) was dissatisfied at the follow-up.

Complications

In terms of the postoperative complications in our study, 
2 patients had knee joint stiffness 2 months after surgery, 
and the stiffness improved after half a month of passive 
exercise enhancement. Furthermore, 2 patients reported 
pain around the knee joint 2 months after surgery, and the 
pain was gradually relieved during the follow-up. A previ-
ous study reported that supracondylar osteotomies of the 

distal femur can result in increased valgus angulation due to 
the decreased mLDFA [18]. Fortunately, the patients in our 
study were not found to have these complications.

Discussion

The main finding of our study was that supracondylar dero-
tation osteotomy of the femur could be an effective treatment 
for recurrent patellar dislocation induced by increased femo-
ral internal torsion, and good clinical results and improved 
patellofemoral congruence were obtained. In addition, femo-
ral supracondylar osteotomy is a safe method of surgery, and 
it can be combined with soft tissue surgery around the knee 
joint for the treatment of patellar dislocation.

Based on the aforementioned studies, increased femoral 
internal torsion is one of the major risk factors for malalign-
ment between patella and trochlea, and malalignment seen in 
all three planes has a great influence on patellar tracking and 
loading [7, 17, 26]. Excessive femoral internal torsion alters 
the normal relationship between the femoral neck and femo-
ral condyles, leading to patellofemoral instabilities. Surgi-
cal treatment for recurrent patellofemoral instability aims to 
decrease excessive femoral internal torsion to improve the 
relationship of the shaft of the femoral neck and the coronal 
plane of the femoral condyles. In addition, recent studies 
from Stambough et al. [23] and Nelitz et al. [16] showed 
that derotational osteotomy of the distal femur could be an 
excellent treatment for patellofemoral instabilities.

Table 2   Parameters with comparison between pre- and post-operative 
condition

Parameters Pre-operation Post-opera-
tion

Statistics 
value

P value

TTTG (mm) 15.63 ± 2.07 14.69 ± 1.78 t = 3.358 0.004
PTA (°) 26.35 ± 6.86 11.65 ± 2.85 t = 10.940 0.000
Kujala score 59.88 ± 7.89 80.70 ± 7.20 t = − 10.836 0.000
Lysholm 

score
56.65 ± 10.45 77.88 ± 7.70 t = − 13.601 0.000

IKDC score 48.00 ± 11.16 72.59 ± 9.27 t = − 10.916 0.000
VAS 4.59 ± 1.87 1.89 ± 1.22 t = 4.354 0.000

Table 3   Parameters change 
between pre- and post-operative 
condition

TTTG​ tibial tubercle trochlear groove distance

Parameter change PTA Kujala Score IKDC Score Lysholm Score VAS

Group A (TTTG > 20 mm) 17.80 ± 2.39 22.50 ± 2.59 25.33 ± 10.98 23.00 ± 8.90 4.17 ± 1.94
Group B (TTTG ≤ 20 mm) 13.41 ± 6.04 19.91 ± 9.72 24.18 ± 8.78 20.27 ± 4.88 2.45 ± 1.75
P value 0.14 0.54 0.82 0.42 0.08

Fig. 3   CT image demonstrating the improved congruence of the 
patellofemoral joint after femoral derotational osteotomy (b) com-
pared to the preoperative state (a)
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Previous studies have confirmed that the TTTG and the 
PTA are higher in the instability group than in the normal 
group without a history of patellofemoral instability [12]. 
The angle of the femoral internal torsion should be consid-
ered in patients with patellar dislocation with an increased 
TTTG distance. Single correction of the TTTG distance 
through tibial tubercle transfer surgery may not achieve sat-
isfactory results for patellar dislocation patients with severe 
femoral internal torsion. After derotational osteotomy, the 
excessive anteversion angle of the femur was corrected. Fur-
thermore, the TTTG distance and PTA decreased accord-
ingly, results that are similar to those of a previous study 
which suggested that changes in the tension of the lateral 
femoral soft tissues after surgery may led to a decrease in 
the TTTG distance, but more evidence is needed to prove 
this conclusion [13].

At present, MPFL reconstruction is the main method 
for the treatment of recurrent patellar dislocation [9, 30]. 
The medial patellofemoral ligament is considered to be the 
main soft tissue force that restricts outward movement of the 
patella by approximately 50–60%, especially knee flexion in 
the range of 0°–30°. Therefore, MPFL reconstruction is the 
basic surgical method for the treatment of recurrent patel-
lofemoral instability [9, 22]. However, it has been confirmed 
that neglecting the treatment of patellofemoral dislocation 
with torsional deformity of the femur will greatly affect the 
outcomes of treatment. Franciozi et al. [11] reported 48 
cases of tibial tubercle transfer and MPFL reconstruction 
for recurrent patellar dislocation and confirmed the surgical 
outcomes. Furthermore, the researchers divided the patients 
into two groups, one with excessive femoral internal tor-
sion and the other with normal femoral internal torsion, and 
found that the knee functional score of the patients with 
increased femoral internal torsion was significantly lower 
than that of the patients in the normal group, indicating that 
increased femoral internal torsion can affect the postopera-
tive prognosis. Based on the follow-up study of this experi-
ment, it was confirmed that femoral derotational osteotomy 
combined with soft tissue surgery was an effective method 
for the treatment of patellofemoral instability complicated 
by torsional deformity of the femur.

We conducted 17 derotational osteotomies of the distal 
femur in patients. The medial patellofemoral retinaculum 
or MPFL were slack and/or ruptured due to previous dislo-
cation or subluxation of the patella and the medial restric-
tive structure of patellofemoral joint is weak or damaged 
when the patella moves outward over 3/4 of the width of 
the patella [15]. We temporarily fixed the joint capsule after 
the derotational osteotomy was completed to evaluate the 
tracking of the patella. If the patellar still had a tendency 
toward dislocation during the course of passive flexion 
and extension of the knee joint or the distance of the patel-
lar glide test exceeded the patellar width by 3/4, MPFL 

reconstruction or strengthening sutures of the medial reti-
naculum was performed based on the quality of the MPFL 
on MRI image. We chose MPFL reconstruction in the case 
where the medial patellofemoral ligament had been ruptured, 
otherwise we chose medial retinaculum reefing. In our study, 
all patients underwent femoral derotation osteotomy, four 
of whom underwent medial ligament reconstruction and 
five with medial retinaculum reefing. During the follow-up, 
no redislocation occurred; knee function scores (Kujala, 
Lysholm, and IKDC scores) were significantly improved, 
and the VAS score was significantly reduced. The results 
of patient satisfaction with the procedure were as follows: 8 
(47%) patients were very satisfied, 6 (35%) were satisfied, 
2 (12%) were partially satisfied, and 1 (6%) was dissatisfied 
at the follow-up.

Because femoral derotational osteotomy can be per-
formed at different levels, the fixation method and postop-
erative weight-bearing time are also different. The surgical 
procedure we are accustomed to is femoral supracondylar 
osteotomy and fixation with a locking plate. On the second 
day after surgery, the affected limbs could undergo mild 
weight-bearing exercises with the aid of knee orthoses and 
double crutches. We recommended that patients take the 
initiative to perform quadriceps exercises and knee flexion 
and to give up crutches and orthoses 3 months after surgery. 
Looking back upon previous studies, although no studies 
have confirmed which type of osteotomy is recommended, 
we believe that femoral supracondylar osteotomy is safer 
than other osteotomy methods and that it can be combined 
with soft tissue surgery around the knee joint for the treat-
ment of patellar dislocation.

In the past few decades, the research on the etiology and 
surgical treatment of patellar dislocation have made substan-
tial progress, such as patellofemoral ligament reconstruc-
tion for ligament injuries, tibial tubercle transfer osteotomy 
(TTO) for increased quadricep angle (Q angle) and the tibial 
tubercle trochlear groove (TTTG) distance, trochleoplasty 
for the treatment of trochlear dysplasia or severe patellofem-
oral arthritis, and combined surgery for patellar dislocation 
[3, 4, 20, 21, 27, 28]. Sometimes, multiple causes of patel-
lar dislocation exist simultaneously. For example, in patel-
lar dislocation patients with medial patellar ligament injury 
and excessive femoral internal torsion reconstruction of the 
patellofemoral ligament is not enough, and femoral dero-
tational osteotomy is required to correct excessive femoral 
internal torsion. It is important to clarify the cause of patel-
lar dislocation and choose the tailored approach. To achieve 
more precise treatment, we should carry out individualized 
treatments. Patients should be systematically evaluated 
before surgery, including physical examinations, imaging 
data, patient symptoms, etc., to determine the indications 
for osteotomy. Only after surgical indications are determined 
will we achieve the desired postoperative effect.
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Limitations

This study has several limitations. First, articular carti-
lage was not shown on the CT images, so cartilage thick-
ness was not considered when measuring the parameters 
[2]. Second, our study design was retrospective, and the 
number of patients included was insufficient. Third, addi-
tional soft tissue surgery was performed in some cases, 
which may have affected the results of femoral derotational 
osteotomy.

Conclusion

Femoral derotational osteotomy is a suitable treatment 
for recurrent patellar dislocation and achieves good clini-
cal results, and improved patellofemoral congruence is 
achieved.
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