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Abstract 

Background: Because the patients undergoing medial patellofemoral ligament reconstruction (MPFLr) combined 
with medial tibial tubercle transfer (TTT) procedure are usually young and active, the quality of life (QoL) is also an 
important prognostic factor for patients with recurrent patellar dislocation. Assessing QoL can provide more useful 
and accurate evidence for the effects of this procedure. This study aimed to evaluate QoL following MPFLr combined 
with TTT, compared with isolated MPFLr (iMPFLr).

Methods: Fifty-one patients who underwent iMPFLr + TTT and 48 patients who underwent iMPFLr were included. 
Clinical evaluation included QoL (EQ-5D-5L and EQ-5D VAS), functional outcomes (Kujala, Lysholm and Tegner activity 
scores), physical examinations (patellar apprehension test and range of motion) and redislocation rates. Radiological 
evaluation included patellar tilt angle and bisect offset. These preoperative and postoperative results were compared 
between groups at baseline and the final follow-up. The paired and independent t tests were used for the data follow-
ing a normal distribution. Otherwise, the Wilcoxon and Mann–Whitney U tests were used to analyze the differences. 
Categorical variables were compared by chi-square or Fisher’s exact test.

Results: All of the QoL (EQ-5D-5L and EQ-5D VAS), clinical results and radiological outcomes significantly improved in 
both groups at the final follow-up, with no significant differences between groups. There was no significant differ-
ence in five dimensions of EQ-5D at the final follow-up, although percentages of people with problems of mobility 
and pain/discomfort were higher in the MPFLr + TTT group. Female patients had lower EQ-5D index and EQ-5D VAS 
compared with male patients in both groups at the final follow-up, but there was only a significant difference in the 
EQ-5D VAS.

Conclusions: Both MPFLr + TTT and iMPFLr groups obtained similar and satisfactory improvements in the QoL, 
clinical results and radiological outcomes, indicating that MPFLr combined with TTT is a safe and effective procedure, 
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Background
Recurrent patellar dislocation (RPD) is the most com-
mon complication of acute patellar dislocation, which 
is one of the important causes of disability in children 
and young adolescents, with an annual incidence up to 
147.7/100,000 among patients aged 14 to 18 years [1–4]. 
Patellar stability depends on the bony structure of patella 
and femoral trochlea, restraint of soft tissues, lower 
limb alignment and coordination of muscles around the 
knee [5]. The etiology of RPD is multifactorial, including 
medial patellofemoral ligament (MPFL) injuries, abnor-
mally lateralized tibial tubercle (TT), femoral trochlear 
dysplasia, patella alta, Wiberg type C patella, increased 
femoral anteversion and genu valgum [6–10].

The MPFL is the primary static soft tissue restraint 
which restrains against lateral subluxation and disloca-
tion of the patella, especially between 0° and 30° of knee 
flexion [9]. Therefore, injury or deficiency of MPFL is one 
of the predisposing factors for RPD. In most cases, an 
acute traumatic patellar dislocation leads to MPFL rup-
ture [8, 11]. Therefore, an anatomical repair MPFL is nec-
essary to prevent redislocation of patella [11]. Although 
various procedures have been reported for the treat-
ment of RPD, MPFL reconstruction (MPFLr), which is 
one of the proximal realignment surgical techniques, has 
become an increasingly common and popular procedure 
in the last decade, with satisfactory clinical outcomes, 
reduced redislocation rates and improved quality of life 
(QoL) although surgical techniques and graft types are 
various[5, 8, 9, 12–14]. However, it is necessary to con-
sider the potential risk factors before isolated MPFLr 
(iMPFLr) [15–17].

The lateralized TT, which can be measured by TT–
trochlear groove (TT–TG) distance, leads to the increase 
in Q angle and a lateral force on the patella, thus damag-
ing the normal patellar tracking [8, 18]. The iMPFLr could 
not achieve promising results due to increased graft ten-
sion and potential failure caused by the TT lateralization, 
which produces anisometry in MPFLr [19]. Therefore, 
a combination of MPFLr and TT transfer (TTT) for 
patients with an increased TT–TG distance, especially 
when TT–TG distance is greater than 20 mm, should be 
taken into consideration, with the purpose of address-
ing both patellar dislocation and patellar maltracking at 
the same time to restore the optimal position of patella 
relative to the femoral trochlea [5, 18, 20]. A systematic 
review showed that MPFLr combined with TTT is a safe 

and effective surgery, with a low to moderate risk of com-
plications and overall good results [21]. However, flexion 
deficits, strength deficiencies, a slower recovery process 
and a prolonged return to sport time after MPFLr with 
TTT compared with iMPFLr were reported [12, 22]. In 
addition, the additional TTT increases the operative time 
and the risk of tibial fracture and reoperation because of 
symptomatic hardware removal [23, 24]. Overcorrection 
of TT–TG distance can lead to medial cartilage wear and 
instability, thus promoting medial osteoarthritis [25].

Because the patients undergoing MPFLr with TTT 
procedure are usually young and active, the QoL is also 
an important prognostic factor for RPD. Assessing post-
operative QoL, with clinical and radiological outcomes, 
can further provide more useful and accurate evidence 
for the beneficial effects of this procedure. However, to 
our knowledge, no study has evaluated the QoL follow-
ing combined MPFLr and TTT for RPD. The five-level 
EuroQol five-dimensional questionnaire (EQ-5D-5L) is a 
generic and standardized instrument for describing and 
valuing health-related QoL on five dimensions of health: 
mobility, self-care, usual activities, pain/discomfort and 
anxiety/depression [26, 27]. The visual analogue scale 
(EQ-VAS) was also used in this study [26]. EQ-5D-5L has 
increased reliability and sensitivity and decreased ceiling 
effects compared with previous EQ-5D-3L [28].

The main aim of the present study was to evaluate post-
operative QoL, clinical and radiological outcomes follow-
ing combined MPFLr and TTT, compared with iMPFLr 
in patients with RPD in cases of pathologically lateralized 
TT. It was hypothesized that combined MPFLr and TTT 
would significantly improve both QoL and other results 
for RPD.

Methods
Patient selection
This retrospective study was approved by the ethics com-
mittee of the Third Hospital of Hebei Medical University 
and informed consent was obtained from the patients. 
All patients of RPD who underwent MPFLr from January 
2017 to April 2020 were reviewed. The inclusion criteria 
were: (1) two or more episodes of patellar dislocation; (2) 
a history of recurrent patellar instability with symptoms 
of patellar instability and positive apprehension sign; (3) 
lateral subluxation or dislocation of the patella through 
computed tomography (CT) or magnetic resonance (MR) 
images; (4) skeletal maturity. The exclusion criteria were: 

which can significantly improve the QoL for patients with recurrent patellar dislocation in cases of pathologically 
lateralized TT. However, female patients obtained lower QoL than males.
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(1) previous trochleoplasty or TTT; (2) high-grade troch-
lear dysplasia (grades B, C or D of Dejour’s classification 
[29]); (3) concomitant ligament reconstruction (cruciate 
ligament or collateral ligament); (4) open growth plate; 
(5) valgus or torsional deformities of the lower extremi-
ties; (6) fracture of distal femur or proximal tibia; (7) 
patella alta with Caton–Deschamps index greater than 
1.2; (8) generalized or localized joint laxity; (9) rheuma-
toid arthritis or osteonecrosis; (10) incomplete medical 
records or imaging data and refusal to take part in this 
study. Patients with criteria (2), (5) and (7) had to receive 
both MPFLr and an additional bony procedure, including 
trochleoplasty, derotational distal femoral osteotomy and 
distal TTT, and thus were not included.

Based on these criteria, 102 MPFLr procedures in 102 
patients, with a mean follow-up of 25.8 ± 7.6  months 

(range 12.5–33.2  months) were included. All these 
patients failed a conservative treatment and were fol-
lowed up for at least one year after surgery. Three 
patients were lost to follow-up. A simultaneous medial 
TTT was performed if preoperative TT–TG distance 
was greater than 20 mm. Patients were divided into two 
groups according to whether they had undergone TTT 
or not. The MPFLr + TTT group consisted of 51 patients 
(51 knees) who underwent MPFLr combined with TTT. 
The iMPFLr group comprised of 48 patients (48 knees) 
who underwent iMPFLr (Fig. 1).

Preoperative radiographic examination consisted of 
anteroposterior, lateral and axial radiographs and axial 
CT scans in all patients. Caton–Deschamps index was 
measured on the lateral radiograph, which was defined as 
the ratio of the shortest distance from the lowest point 

Fig. 1 Flowchart of the patients in the MPFLr + TTT and iMPFLr groups. iMPFLr Isolated medial patellofemoral ligament reconstruction, TTT  Tibial 
tubercle transfer
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of patellar articular surface to the anterior upper corner 
of tibial plateau contour to the length of patellar articu-
lar surface [30]. A Caton–Deschamps index greater than 
1.2 was considered as patella alta. Trochlear dysplasia 
was evaluated on the lateral radiograph. According to 
Dejour’s classification, types B, C and D were regarded 
as high-grade trochlear dysplasia [29]. The TT–TG dis-
tance was measured on two overlapped axial CT images, 
including the deepest point of the trochlear groove and 
approximately proximal one-third of the TT. Two lines 
were drawn from the deepest point of the trochlear 
groove and the center of the TT, respectively, pendicu-
lar to the posterior condylar line. The distance between 
these two lines was measured as TT–TG distance [8].

Surgical procedures
All surgical procedures were performed by the same 
experienced surgeon. First, a routine arthroscopy was 
performed through anterolateral and anteromedial por-
tals to carefully evaluate the cartilage of patella and femo-
ral trochlea. The cartilage injuries were graded according 
to the Outerbridge classification. Then the patellar track-
ing was checked within the range of motion of the knee.

The TTT was performed first and followed by the 
MPFLr. The amount of the TT medialization was evalu-
ated by the preoperative CT measurement of TT–TG dis-
tance. TT–TG distance was restored to less than 20 mm, 
but care was taken not to overcorrect it. The TT was 
fixed with lag screws after obtaining a satisfactory patel-
lar tracking. The MPFLr was completed using ipsilateral 
semitendinosus autograft. The graft was prepared in a 
“Y” shape to have a double bundle anatomical MPFLr. 
The folded end was whipstitched about 2.5 cm from the 
free end with Ethicon non-absorbable suture. Positions of 
the femoral and patellar tunnels were based on the native 
MPFL anatomy. The absorbable suture passed through 
the folded end and entered into the femoral tunnel, which 
was positioned between the medial femoral epicondyle 
and the adductor tubercle. Two bony grooves were made 
in the medial edge of the patella, which were located in 
the upper corner and the center of the patella, respec-
tively. Three ends of the graft were fixed with absorbable 
screws.

At the end of the procedure, patellar tracking, range of 
motion (ROM) and lateral displacement of patella were 
examined. If the tightness of lateral patellar retinaculum 
produced tension in the MPFLr or restricted the patella 
from returning to the normal tracking, further release of 
the lateral retinaculum was performed.

Postoperative rehabilitation
All patients followed the standard postoperative rehabili-
tation program. After procedure, the patient was placed 

in a brace to protect the knee. In the first 2 weeks post-
operatively, passive ROM up to 60° and partial weight-
bearing exercise with the knee held in extension were 
permitted. In the next 4  weeks, ROM was gradually 
increased to 90°. After 6  weeks, ROM was increased 
with no restriction and full weight-bearing exercise 
was allowed. The quadriceps femoris strength train-
ing and straight leg raising exercises were encouraged 
to strengthen the muscle early following the surgery. 
Patients who achieved full ROM and normal muscle 
strength and stability were allowed to return to normal 
sports activities at 6  months. Strenuous high-risk exer-
cise required a longer rehabilitation period according to 
individual situation.

Radiological evaluation
All the radiological evaluation was performed before 
and after surgery, including patellar tilt angle (PTA) and 
bisect offset (BO), which were measured on two over-
lapped axial CT images, including the widest patellar axis 
and the deepest point of trochlear groove, respectively. 
CT was performed in a standardized manner, with the 
patient in supine position, and the knee in full extension.

The PTA was defined as the angle between the wid-
est patellar axis and the posterior condylar line (Fig.  2). 
The axial slice with the widest patella was determined, 
and the line connecting the medial and lateral edges of 
the patella was the widest patellar axis. The posterior 
condylar line was defined as the line passing through the 

Fig. 2 The measurement of the patellar tilt angle (PTA), defined as 
the angle between the widest patellar axis and the posterior condylar 
line
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most posterior points of the medial and lateral femoral 
condyles on the axial slice showing the posterior condyles 
with the Roman arch [31]. Positive value represented lat-
eral patellar tilt. The BO indicated the lateral displace-
ment of patella relative to the trochlear groove. A line 
was drawn through the deepest point of the trochlear 
groove and perpendicular to the posterior condylar line. 
The BO was measured as the portion of the width of the 
patella lateral to the deepest point of the trochlear groove 
(Fig. 3) [32]. A higher percentage represented a more lat-
eral displacement of patella.

Clinical evaluation
All the clinical evaluation was performed before and 
after surgery, including the QoL, functional outcomes, 
physical examination and redislocation rate. The QoL 
was evaluated using EQ-5D-5L, which is based on five 
dimensions [26]. Each dimension has five response cate-
gories: no problems, some problems, moderate problems, 
severe problems and extreme problems [27]. Patients 
also assessed their overall health on the vertical EQ-
VAS with the range of 0–100 [26]. Functional outcomes 
included Kujala score, Lysholm score and Tegner activ-
ity score [33–35]. Kujala or Lysholm improvement was 
defined as the average change measured as the difference 
between the postoperative and preoperative Kujala or 
Lysholm scores. Functional failure was based on posi-
tive apprehension sign, recurrent patellar subluxation or 
dislocation, subjective instability and complications. The 

physical examination consisted of patellar apprehension 
test and the ROM. The patellar apprehension test was 
performed with the patient in the supine position and 
the quadriceps femoris relaxed at 30° of knee flexion. The 
experienced examiner put his thumb on the medial edge 
of the patella to push the patella laterally. The apprehen-
sion during the passive patellar glide was considered as a 
positive apprehension sign. The ROM was assessed with 
the patient in the supine position without weight bear-
ing. An experienced examiner used a standard hand-
held goniometer to measure the maximum active flexion 
and extension angles. The redislocation rates were also 
recorded.

Statistical analysis
Descriptive statistics were reported as mean ± standard 
deviation (SD) for continuous variables. Statistical com-
parisons were performed using SPSS Statistics software 
(version 21, SPSS Inc., Chicago, IL, USA) and p < 0.05 was 
considered to be significant. Shapiro–Wilk test was used 
to examine normality of the data. The paired and inde-
pendent t tests were used for the data following a normal 
distribution. Otherwise, the Wilcoxon and Mann–Whit-
ney U tests were used to analyze the differences. Cate-
gorical variables were compared by chi-square or Fisher’s 
exact test. The sample size was estimated using G*Power 
3 (Heinrich Heine Universität Düsseldorf, Germany), 
based on the EQ-5D data collected in this study from 
included patients. A priori analysis indicated that the 
minimum required sample size with an effect size of 0.6, 
α of 0.05 and a power of 0.80 was 90. To evaluate intra-
observer and inter-observer reliability, intra-class corre-
lation (ICC) values were calculated. The measurements 
were either repeated by one researcher at the interval of 
two weeks or independently performed by two different 
researchers.

Results
Demographic data
The MPFLr + TTT group included 51 patients (51 
knees), with an average age of 20.67 ± 5.72  years and 
an average body mass index (BMI) of 24.15 ± 4.60. This 
group included 22 males and 29 females. The iMPFLr 
group included 48 patients (48 knees), with an aver-
age age of 20.65 ± 7.57  years and an average BMI of 
23.28 ± 3.66. This group included 18 males and 30 
females. The mean TT–TG distance decreased from 
22.18 ± 4.25 mm (range 21.25–29.30 mm) before surgery 
to 15.05 ± 4.18 mm (range 11.37–18.54 mm) after surgery 
in the MPFLr + TTT group, showing significant improve-
ments (p < 0.001). The mean preoperative TT–TG dis-
tance in the iMPFLr group was 16.49 ± 2.59  mm (range 
13.47–19.14 mm), with no significant difference between 

Fig. 3 The measurement of the bisect offset (BO), defined as the 
portion of the width of the patella lateral to the deepest point of the 
trochlear groove
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preoperative and postoperative values (p = 0.640). The 
groups were comparable for gender, age and BMI. Demo-
graphic data and knee characteristics are shown in 
Table 1.

QoL
The EQ-5D index and EQ-5D VAS were significantly 
improved between baseline and the final follow-up in 
the two groups (p < 0.001 and p < 0.001, respectively). 
There was no significant difference in the EQ-5D index 
at baseline and the final follow-up between the two 
groups (p = 0.474 and p = 0.502, respectively). There 
was no significant difference in the EQ-5D VAS at base-
line and the final follow-up between the two groups 
(p = 0.301 and p = 0.142, respectively) (Table  2). Five 
dimensions of EQ-5D at the final follow-up were also 
compared between the groups, but no significant dif-
ference was found, although percentages of people with 
problems of mobility and pain/discomfort were higher 
in the MPFLr + TTT group (Fig. 4). Female patients had 
lower EQ-5D index and EQ-5D VAS compared with 
male patients in both groups at the final follow-up, but 
there was only a significant difference in the EQ-5D VAS 
(Table 3).

Functional outcomes and clinical results
Between baseline and the final follow-up, significant 
improvements for Kujala, Lysholm and Tegner activ-
ity scores were observed in both groups (p < 0.001), 
with no statistic difference between the two groups 
(Table  4). Although Kujala improvement was higher in 
the MPFLr + TTT group than iMPFLr group, there was 
no significant difference (p = 0.534). There was also no 
significant difference in Lysholm and Tegner activity 
improvements between the two groups (p = 0.813 and 
p = 0.723, respectively) (Table  4). Apprehension sign 
were negative in all patients.

There was no significant difference in the postoperative 
ROM between the two groups (p = 0.160 and p = 0.098, 
respectively). The average extension angle of ROM was 
1.8° ± 1.2° and the average flexion was 130.6° ± 4.9° in 
the MPFLr + TTT group. The average extension angle 
of ROM was 1.3° ± 0.9° and the average flexion was 
133.4° ± 5.2° in the iMPFLr group (Table 4). No extension 
and flexion deficit of 5° or more was reported in ROM in 
both groups at the final follow-up. Two patients (3.9%) 
in MPFLr + TTT group and three in iMPFLr group 
(6.3%) reported redislocation without apprehension, but 
only two patients sought medical treatment. They were 
treated conservatively because of no surgical indications.

Forty-four patients (86.3%) in MPFLr + TTT group and 
42 (87.5%) in iMPFLr group were able to return to their 
pre-injury activity level at a mean of 4.6 ± 2.2  months 
and 4.4 ± 1.9 months, respectively (p = 0.341). A total of 
90.2% (n = 46) of patients in MPFLr + TTT group and 
93.8% (n = 45) in iMPFLr group were satisfied with the 
clinical outcomes, and they would like to recommend 
their surgeries to others.

Table 1 Demographic data and knee characteristics in the MPFLr + TTT group and iMPFLr group

Data are reported as mean ± SD unless otherwise indicated. iMPFLr isolated medial patellofemoral ligament reconstruction

TTT  Tibial tubercle transfer, TT–TG Tibial tubercle–trochlear groove

MPFLr + TTT group iMPFLr group p value

Number of patients 51 48 –

Number of knees 51 48 –

Gender (Male/female) 22/29 18/30 0.568

Side (left/right) 32/19 23/25 0.138

Age (year) 20.67 ± 5.72 20.65 ± 7.57 0.993

Body mass index 24.15 ± 4.60 23.28 ± 3.66 0.530

Follow-up (month) 24.9 ± 10.8 26.0 ± 11.3 0.318

Preoperative TT–TG distance (mm) 22.18 ± 4.25 16.49 ± 2.59  < 0.001

Table 2 Preoperative and postoperative EQ-5D index and EQ-5D 
VAS in the MPFLr + TTT group and iMPFLr group

Data are reported as mean ± SD

iMPFLr Isolated medial patellofemoral ligament reconstruction, TTT  Tibial 
tubercle transfer

MPFLr + TTT 
group (n = 51)

iMPFLr group (n = 48) p value

EQ-5D index

Baseline 0.63 ± 0.09 0.65 ± 0.09 0.474

Final follow-up 0.96 ± 0.04 0.95 ± 0.04 0.502

EQ-5D VAS

Baseline 70.33 ± 5.96 68.18 ± 6.71 0.301

Final follow-up 89.29 ± 6.64 91.88 ± 3.87 0.142
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Radiological results
The PTA and BO were improved significantly between 
baseline and the final follow-up in the two groups 
(p < 0.001 and p < 0.001, respectively). There was no sig-
nificant difference in the PTA and BO between the two 
groups at baseline and final follow-up, although PTA in 
the iMPFLr group was lower than MPFLr + TTT group 
(p = 0.051 and p = 0.381, respectively) (Table  5). Five 
patients in the MPFLr + TTT group and seven patients 
in the iMPFLr group still had a pathological patellar 
tilt postoperatively. All of these patients showed pre-
operative pathological patellar tilt greater than 30°. The 
intra-observer and inter-observer reliability of radiologi-
cal measurements was good to excellent, with all ICCs 
greater than 0.8.

Discussion
In this retrospective comparative study, clinical, func-
tional and radiological results between 51 patients (51 
knees) who underwent MPFLr + TTT and 48 patients 

(48 knees) who underwent iMPFLr for RPD were com-
pared. The most important findings of this study were 
the significant improvements in the QoL following 
MPFLr + TTT and iMPFLr, with no significant differ-
ence in the EQ-5D index and EQ-5D VAS at baseline 

Fig. 4 Percentage of patients who had problems in the five dimensions of the EQ-5D at the final follow-up in the MPFLr + TTT and iMPFLr groups. 
iMPFLr Isolated medial patellofemoral ligament reconstruction, TTT  Tibial tubercle transfer

Table 3 Postoperative EQ-5D index and EQ-5D VAS in the 
MPFLr + TTT group and iMPFLr group according to gender

Data are reported as mean ± SD

iMPFLr Isolated medial patellofemoral ligament reconstruction, TTT  Tibial 
tubercle transfer

MPFLr + TTT group (n = 51) iMPFLr group (n = 48)

EQ-5D index EQ-5D VAS EQ-5D index EQ-5D VAS

Gender

 Female 0.95 ± 0.04 86.67 ± 5.94 0.96 ± 0.04 90.86 ± 3.46

 Male 0.98 ± 0.05 95.83 ± 2.40 0.99 ± 0.03 96.67 ± 0.58

p value 0.135 0.002 0.353 0.013

Table 4 Preoperative and postoperative functional outcomes 
and clinical results in the MPFLr + TTT group and iMPFLr group

Data are reported as mean ± SD

iMPFLr Isolated medial patellofemoral ligament reconstruction, TTT  Tibial 
tubercle transfer

MPFLr + TTT 
group 
(n = 51)

iMPFLr group 
(n = 48)

p value

Kujala score

Baseline 60.90 ± 9.20 62.24 ± 8.13 0.644

Final follow-up 86.10 ± 5.02 85.18 ± 5.79 0.604

Kujala improvement 25.19 ± 12.27 22.94 ± 9.13 0.534

Lysholm score

Baseline 48.76 ± 6.16 49.89 ± 4.80 0.925

Final follow-up 88.38 ± 2.94 87.65 ± 3.28 0.472

Lysholm improve-
ment

38.62 ± 7.63 38.06 ± 6.62 0.813

Tegner activity score

Baseline 3.14 ± 0.95 3.53 ± 0.94 0.223

Final follow-up 5.14 ± 1.15 5.35 ± 1.17 0.583

Tegner improvement 2.00 ± 1.61 1.82 ± 1.38 0.723

Range of motion (°)

Flexion 130.6 ± 4.9 133.4 ± 5.2 0.098

Extension 1.8 ± 1.2 1.3 ± 0.9 0.160

Time to return to pre-
injury activity level 
(month)

4.6 ± 2.2 4.4 ± 1.9 0.341
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and the final follow-up between the two groups. Female 
patients had lower EQ-5D index and EQ-5D VAS com-
pared with male patients in both groups. In addition, 
no significant difference was found in the functional 
outcomes, physical examinations, redislocation rates 
and radiological results between the two surgeries.

Decision making is complex, and clear treatment 
guidelines are still indeterminate for patients with RPD. 
The MPFLr, which was the standard treatment for RPD 
based on the consensus of International Patellofemo-
ral Study Group, has been widely performed to restore 
the length and stiffness of the medial soft tissue [36]. 
However, patellar dislocation is a multifactorial condi-
tion, which depends on bony variables besides ligament 
laxity, including lateralization of TT [5, 6]. In patients 
with abnormally lateralized TT, iMPFLr is not suffi-
cient to compensate for the lack of bony restraint and 
to restore patellofemoral pressure and dynamics [37]. 
Wagner et al. reported that patients with an increased 
TT–TG distance who underwent iMPFLr had a lower 
Kujala score, suggesting that medializing the TT when 
the TT–TG distance was greater than 20 mm was rec-
ommended [25]. Therefore, TTT may be necessary in 
these patients to decrease the pressure of lateral patella 
and trochlea. The purpose of TTT is to restore the rela-
tionship between femoral trochlea and TT, which can 
realign the extensor mechanism and increase patel-
lofemoral stability [11, 37]. A systematic review demon-
strated significant improvements in the overall clinical 
results, with low functional failure rates and reopera-
tion rates following MPFLr + TTT [38]. However, no 
consensus has been reached regarding the threshold 
of the TT–TG distance as an indication for TTT. We 
took a TT–TG distance greater than 20 mm as the cut-
off value for TTT in this study, which was Dejour et al. 
considered as abnormal [29].

Numerous studies reported significant improved QoL 
after iMPFLr using different methods, including EQ-
5D-3L, Knee Injury and Osteoarthritis Outcome Score 
(KOOS), Pediatric International Knee Documentation 
Committee Form (Pedi-IKDC), Banff Patella Instru-
mentation and Short Form 12 (SF-12), but none of them 
mentioned psychometric effects [14, 36, 39, 40]. Bouras 
et  al. used EQ-5D-3L questionnaire to evaluate the Qol 
after iMPFLr and noted that EQ-5D index and EQ-5D 
VAS significantly increased at last follow-up [14]. Bie-
sert et  al. also reported overall good health with EQ-
5D-3L [41]. Erickson et  al. found statistically significant 
improvement in mean KOOS-QoL [39]. However, to our 
knowledge no study has specifically investigated QoL and 
health state preference value following MPFLr + TTT 
for RPD with EQ-5D-5L. In this study, the EQ-5D index 
and EQ-5D VAS were significantly improved in the two 
groups. However, there was no significant difference in 
the EQ-5D index and EQ-5D VAS at baseline and the 
final follow-up between the two groups. Five dimen-
sions of EQ-5D at the final follow-up were also com-
pared between the groups, but no significant difference 
was found, although percentages of people with prob-
lems of mobility and pain/discomfort were higher in the 
MPFLr + TTT group. The small incision and decreased 
pain caused by the hardware, which were beneficial to the 
postoperative rehabilitation and activities, could account 
for the slightly higher QoL in the iMPFLr group. But this 
does not affect the significant improvement of the QoL 
following MPFLr + TTT. Our results were slightly lower 
than previous reported scores using EQ-5D-3L, which 
could be the results of reduced ceiling effect of EQ-5D-5L 
and a small sample size of this study [14, 41].

The reasons for improved QoL were multifactorial. One 
possible reason was the standard postoperative reha-
bilitation protocol adopted in this study, including rapid 
postoperative activities and quadriceps femoris strength 
training, which prevented muscle atrophy caused by 
immobilization. Another reason was that MPFLr and 
TTT were able to reestablish the normal anatomy of the 
knee, promote normal joint reaction forces and restore 
patellofemoral stability, which contributed to the relief of 
pain and related symptoms that affected general health 
conditions, including mental health [40]. Therefore, post-
operative improvements in clinical evaluation, including 
functional outcomes, and radiological evaluation lead to 
the improvement of Qol. This could also explain the high 
postoperative satisfaction of patients.

The TT–TG distance is used as a decision-making 
parameter in TTT surgery. However, validity of the TT–
TG distance has been brought into question. The TT–TG 
distance has a significant association with knee rotation, 
but it does not indicate the patellofemoral alignment 

Table 5 Radiological results in the MPFLr + TTT group and 
iMPFLr group

Data are reported as mean ± SD

iMPFLr Isolated medial patellofemoral ligament reconstruction, TTT  Tibial 
tubercle transfer

MPFLr + TTT 
group (n = 51)

iMPFLr group (n = 48) p value

Patellar tilt angle

Baseline 33.87 ± 8.71 29.42 ± 4.50 0.051

Final follow-up 16.13 ± 8.25 13.63 ± 9.14 0.381

Bisect offset

Baseline 0.95 ± 0.10 0.95 ± 0.07 0.965

Final follow-up 0.70 ± 0.15 0.66 ± 0.08 0.333
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and provide accurate information about the congruence 
between the patella and trochlear [42, 43]. Besides, TT–
TG distance does not determine the location of the patel-
lofemoral malformation [44]. Chen et  al. reported that 
TT–TG distance was influenced more by knee rotation 
and trochlear groove medialization, instead of TT later-
alization. Therefore, a high TT–TG distance might not 
be an appropriate indication for surgical planning [45]. 
This could also be the reason why our results showed that 
there was no significant difference in QoL between the 
two groups.

We found worse QoL assessed by the EQ-5D index and 
EQ-5D VAS in females versus males in both groups, but 
there was only a significant difference in the EQ-5D VAS. 
Bouras et al. also found EQ-5D index and EQ-5D VAS of 
female patients at baseline and final follow-up were lower 
than males following iMPFLr, but they used EQ-5D-3L 
and did not include iMPFLr + TTT group [14]. Other 
studies demonstrated poorer functional outcomes for 
females after iMPFLr + TTT. Allen et al. reported female 
gender was the risk factor for the lower scores of the 
International Knee Documentation Committee (IKDC) 
and Kujala score following MPFLr + TTT [46]. Com-
pared with males, the reoperation rate of females was 
higher following MPFLr + TTT [20]. However, Watanabe 
et al. studied the efficacy of MPFLr with or without TTT 
and found no effect of gender on the results [12]. Miglio-
rini et al. also reported that gender had no influence on 
surgical outcomes following iMPFLr [47]. One possi-
ble reason for lower QoL in females could be the higher 
probability of dysplasia and more joint laxity than males 
[12, 48]. Also, pain levels are usually severer in females 
following cartilage injury and the incidence of patel-
lofemoral pain syndrome is also relatively high in females 
[46, 48]. This study supports that gender is an important 
risk factor of patellar instability.

Functional outcomes in this study, including Kujala, 
Lysholm and Tegner activity scores, were significantly 
improved in both groups with MPFLr + TTT or iMPFLr. 
However, no significant difference was found between 
the two groups. These findings are consistent with previ-
ously reported results. Schottle et al. showed no signifi-
cant difference in Kujala score and subjective assessment 
between patients who underwent MPFLr with or with-
out TTT [49]. Watanabe et  al. reported no significant 
difference in the Lysholm score, which improved from 
70 to 92 in the iMPFLr group and from 72 to 90 in the 
MPFLr + TTT group [12]. Neri et  al. showed no differ-
ence in Kujala score [13]. Kim et  al. also found no sig-
nificant difference in Kujala and Tegner activity scores 
between the two groups [36]. However, Franciozi et  al. 
reported Kujala and Lysholm improvements from base-
line, favoring MPFLr + TTT over iMPFLr. But this TTT 

included anteriorization, which provided some biome-
chanical advantages for improving patellar tracking [23].

This study reported low redislocation rate following 
MPFLr + TTT. Two patients in the MPFLr + TTT group 
and three in the iMPFLr group reported redislocation 
without apprehension. This corresponds with findings 
of other studies. Kim et al. reported no difference in the 
functional failure and complications, with two subjective 
instability and one repeat dislocation in MPFLr + TTT 
group, and two subjective instability in iMPFLr group 
[36]. Allen et  al. reported one dislocation and one sub-
luxation after MPFLr + TTT [46]. Cossey et  al. showed 
that no recurrence of subluxation or dislocation occurred 
and objective stability was excellent after MPFLr with 
TTT [50]. Although the iMPFLr provides restraint which 
prevents against redislocation, an uncorrected TT–TG 
distance could still cause episodes of instability or dislo-
cation during activity.

CT scans demonstrated an improvement in the PTA 
and BO in both MPFLr + TTT group and iMPFLr group, 
but no significant difference was observed in two groups. 
Similar findings were also reported in other studies. Kim 
et al. reported no significant difference between the two 
groups in PTA with significant improvement [36]. Neri 
et  al. also reported similar results regarding PTA [13]. 
A biomechanical study showed that MPFLr significantly 
reduced BO, especially at low flexion angles [51]. PTA 
and BO were improved, because of the dorsal tension 
of the medial edge of patella by the graft and the medial 
tension on the patella caused by medialization of TT 
[48]. However, overcorrection of patellar tilt due to the 
overtension of the graft could increase the medial patel-
lofemoral contact pressure and result in the damage of 
the medial patellofemoral cartilage, thus developing into 
osteoarthritis [13]. Whether these results can reflect 
patellar tracking and improve patellofemoral pressure 
remains to be studied, which can reduce long-term carti-
lage wear and osteoarthritis.

This study has some limitations. First, the sample size 
of patients was relatively small, and the follow-up time 
was not long enough to evaluate more significant clini-
cal and radiological results. Second, TT–TG distance was 
measured by CT images with knee extension. Therefore, 
the results could be different from those obtained from 
CT or MR images with different knee angles. Third, 
because different patients had different evaluation time, 
the results could vary from time to time. Fourth, the 
additional incision of TTT procedure and the existence 
of hardware made it difficult to use blind methods in 
clinical and radiological evaluation, which could lead to 
measurement bias. A prospective controlled study with a 
large sample and a long follow-up is required to further 
confirm our findings.
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Conclusion
In the current study, both MPFLr + TTT and iMPFLr 
groups obtained similar and satisfactory improvements 
in the QoL, clinical results and radiological outcomes. 
There was no significant difference in the EQ-5D index 
and EQ-5D VAS at baseline and the final follow-up 
between the two groups, indicating that MPFLr com-
bined with TTT is a safe and effective procedure, which 
can significantly improve the QoL for patients with 
RPD in cases of pathologically lateralized TT. However, 
female patients obtained lower QoL than males.
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