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Abstract

Purpose The aim of this study was to evaluate the clinical outcomes of patients treated with anatomic medial patellofemoral
ligament (MPFL) reconstruction with and without tibial tuberosity osteotomy (TTO). Correlations between patient’s age,
gender, pre-injury physical activity and the achieved results were investigated as secondary endpoints.

Methods An observational retrospective study with prospective collected data was performed. Inclusion criteria were: treat-
ment with anatomic MPFL reconstruction with gracilis tendon according to Schéttle’s technique performed between 2011
and 2017; associated TTO as unique accessory procedure; skeletal joint maturity; a minimum follow-up of 12 months after
surgery. Clinical outcomes were assessed with the Kujala, Lysholm and Tegner scores.

Results Forty patients (42 knees) were included, 64% of them underwent TTO. The Kujala score significantly improved
from 47.4 + 17.6 preoperatively to 89.4 + 13.6 postoperatively (p <0.01). The average Lysholm score was 45.6 +20.5 pre-
operatively: it showed a significant increase to 89.8 +12.8 postoperatively (p <0.01). Pre-injury mean Tegner was 5.9 + 1.8,
while it dropped to 3.0 + 1.6 after injury. After surgery, Tegner resulted 4.9 + 1.6. Forty-three percent of patients regained
the pre-injury sport activity level. Redislocation rate was 2.4%.

Conclusion Anatomic MPFL reconstruction allows excellent patellar stability recovery, knee functionality improvement,
return to Activities of Daily Living and a low redislocation rate. Better results were achieved in younger (under 30 years old)
and higher sports activity-level subjects. The TTO association provided clinical results comparable to isolated MPFL recon-
structions, suggesting that the two procedures can be safely accomplished together without affecting the positive outcomes.
Level of evidence Level IV.
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Introduction

Acute patellar dislocations represent the 2-3% of all knee
injuries [1], with an incidence of 6/100.000 person-year
in the overall population [2]. It affects mostly young and
active people with peak incidence among females between
10 and 17 years old. Recurrence rates of 17-49% were
reported after the first episode of dislocation, with higher
values among patients under 20 years old [3]. Recurrence
rates increase up to 44-71% after the second episode of
dislocation. Patellar dislocation usually occurs laterally,
and an associated osteochondral lesion is present in 49% of
patients; medial patellofemoral ligament (MPFL) disrup-
tion occurs in 90-100% of patellar dislocations [4].

Patients who have experienced at least one episode of
patellar dislocation in their life present one of the main
factors of instability: (1) trochlear dysplasia [5]; (2) patella
alta [6]; (3) pathologic tibial tuberosity—trochlear groove
(TT-TG) distance [7, 8].

The correct treatment strategy for the first episode of
lateral patellar dislocation is still controversial. Conserva-
tive treatment is still widely adopted, but it is burdened by
high rates of dissatisfaction: about 58% of patients report
relevant limitations in physical activities at 6 months after
injury and 55% of these do not return to the same pre-injury
activity level [9]. Smith et al. [10] showed a lower recur-
rence rate for surgical-treated patients, but a greater inci-
dence of patellofemoral osteoarthritis. In their Cochrane
Review [11], investigating the benefits of surgical treatment
versus conservative approach in 339 patients with 2—7 years’
follow-up, the same authors concluded that the evidences
were not enough to establish a significant supremacy of one
treatment rather than the others for the first patellar disloca-
tion. Recently, a systematic review by Erickson et al. [12]
including four meta-analyses pointed out that the surgical
treatment of acute patellar dislocations resulted in lower
recurrence rates (24% vs 36% of conservative treatment)
even if the functional scores did not improve.

Conservative therapy involves the use of a brace or taping
techniques in addition to the gradual recovery of full mobil-
ity and muscles strength before returning to sports [13, 14].

Surgical treatment for patellar dislocation is usually
strongly suggested in case of symptomatic bone fragments
or osteochondral lesions, failure of conservative therapy,
high risk of recurrence and recurrent patellar dislocations
with low quality of life [15-18]. Many surgical procedures
are suggested in the literature: acute MPFL repair; ana-
tomic MPFL reconstruction; tibial tuberosity osteotomy
(TTO); trochleoplasty; femoral derotation osteotomy; lat-
eral release; VMO plasty.

The aim of this retrospective study was to evaluate the
clinical outcomes of patients treated with anatomic MPFL
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reconstruction according to Schoéttle’s surgical technique
with and without TT osteotomy. Functional scores, redis-
location rate and return to Activities of Daily Living
(ADL) and sport activities have been assessed. Correla-
tions between the patient’s age, gender, pre-injury physi-
cal activity and the achieved results were investigated as
secondary endpoints. Finally, the outcomes of the patients
undergoing the isolated MPFL reconstruction have been
compared with the ones of patients undergoing the same
procedure in addition to TTO.

Material and methods

An observational retrospective study with prospective col-
lected data was conducted.

Inclusion criteria were: chronic objective patellofemoral
instability treated with anatomic MPFL reconstruction with
autologous gracilis tendon according to Schoéttle’s technique
between 2011 and 2017 at CTO Hospital—Citta della Salute
e della Scienza (Turin); first (with an important apprehen-
sion sign) or recurrent episodes of patellar dislocation; failed
conservative treatment; associated TTO as unique accessory
procedure; absence of secondary further lesions inside and
around the knee (e.g., osteochondral lesions, meniscal rup-
tures, etc.); skeletal joint maturity; a minimum follow-up of
12 months after surgery.

Exclusion criteria were: MPFL reconstruction not per-
formed according to Schoéttle’s technique; any associated
procedure other than TTO like trochleoplasty, ACL recon-
struction, meniscectomy or meniscal suture; revision pro-
cedures for patients already surgically treated in the past for
patellar instability; lack of complete clinical and radiological
records.

All patients were mandatory studied with preoperative
radiological analysis: X-ray, CT scan and MRI. Caton—
Deschamps Index (CDI), patellar tilt and TT-TG were
evaluated as surgical planning. In case of CDI> 1.2 and/or
TT-TG > 20 mm, a tibial tuberosity transposition procedure
was performed in addition to MPFL reconstruction.

The anatomic MPFL reconstruction was performed with
gracilis tendon autograft according to Schoéttle. All proce-
dures started with routine arthroscopic evaluation followed
by gracilis tendon harvesting. The graft loop was fixed to
the medial edge of the patella with two anchors (BioCom-
posite™ SwiveLock® 4.75 mm, Arthrex, Naples—Florida,
USA) to create a double-bundle construct, while the two
tails of the graft were secured in the femoral socket at the
Schéttle point [19] with an interference screw (Genesys™
Matryx®, ConMed Linvatec, Largo—Florida, USA) at 20
degrees of knee flexion.

After surgery, all patients wore a long-leg hinged knee
brace with 0°-30° of knee flexion for two weeks and then
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30° of knee flexion increase weekly. Weight bearing as tol-
erated with crutches was allowed to isolated MPFL recon-
structions, while patients with associated TTO walked with
crutches up to 40 days after surgery. Physiotherapy started
from 4th week: isometric and isokinetic muscle reinforce-
ment with closed-chain exercises was performed until 10th
week; then, static proprioceptive and neuro-muscular control
exercises were added, with transition to dynamic propriocep-
tive exercises within 20th week. Patients who underwent
TTO were radiographically monitored until complete heal-
ing. Usually, X-rays controls (antero-posterior and lateral
projections) were performed in the immediate postoperative
time, 30 days, 3 months and 6 months after surgery.

Patellar dislocation rate, mechanism of injury and redis-
location rate after surgery were recorded. Functional results
were evaluated using the Kujala and Lysholm score before
and after surgery. These scales are specific to evaluate
femoral—patellar joint through different questions concern-
ing the normal or pathologic gait, the use of crutches, the
presence of swelling and/or pain during the day, the atro-
phy of the thigh, the knee flexion deficit and the feeling of
patellar instability. A score from O to 100 is given on both
questionnaires.

The sport activity levels were evaluated using the Teg-
ner Activity Scale: this one assigns a score from 0 to 10
(0O—disabled subject due to knee pathology; 10—subject
who participates in national or international competitions of
contact sports, e.g., football, rugby, etc.) based on daily or
sporting activity that patient is able to perform, respectively,
during the pre-injury, preoperative period and at the time of
follow-up after surgery.

Demographic data

Forty-five patients (47 knees) with objective patellar insta-
bility were treated. Five patients were excluded: in 2 cases an
ACL reconstruction was associated with MPFL reconstruc-
tion, while in the other 3 cases the MPFL reconstruction was
associated with a deepening trochleoplasty.

According to inclusion and exclusion criteria, 40 patients
(42 knees, Table 1) were eligible for the study; 28 (70%)
were females. The mean age of the patients at the time of
surgery was 24 +9 (range, 14-46) years, and the average
follow-up was 34 + 22 (range, 12—85) months.

Thirty-seven patients (93%) suffered multiple dislocations
before surgery, while only three of them (7%) had only one
dislocating event with important apprehension sign. In 32
(80%) patients, patellar dislocation usually occurred dur-
ing daily activities, while in the others only during sport
practice.

According to clinical and radiological findings, TTO was
indicated in 27 knees (64%): an Elmslie-Trillat technique
was performed in 10 cases, a distalization in 8 cases and a
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Table 1 Summary statistics of study population
Patients () 40
Knees treated (n) 42
Female (n, %) 28 (70%)
Male (n, %) 12 (30%)
Mean age at surgery (years old) 2449 (14-46)
Mean age at follow-up (years old) 2749 (15-48)
Mean follow-up (months) 34 +22 (12-85)
Patients younger than 30 y.o. (n, %) 31 (77.5%)
Patients older than 29 y.o. (n, %) 9 (12.5%)
Right (n) 16
Left (n) 26
Associated TTO (n, %) 27 (64%)
Medialization according to Elmslie-Trillat (n) 10
Distalization () 8
Medialization plus distalization (1) 9
Isolated MPFL reconstruction (n, %) 15 (36%)
Pre-surgery dislocations rate
1 episode (n, %) 3 (7%)
2 episodes (1, %) 13 (33%)
3 episodes (1, %) 5 (12%)
4 episodes or more (1, %) 19 (48%)
Dislocation mechanism
During daily activities (1, %) 32 (80%)
During sport activities (n, %) 8 (20%)

distalization plus medialization in 9 cases. For the remaining
15 cases (36%), isolated anatomic MPFL reconstruction was
considered sufficient to provide proper patellar stabilization.

Statistical methodology

The results achieved were statistically analyzed using Med-
Calc® software. A Kolmogorov—Smirnov test was used to
preliminary assess the variable distribution in all data series;
then, Student’s ¢-test was used to compared Kujala, Lysholm
and Tegner results before and after surgery. Moreover, a multi-
ple regression was performed in order to analyze the influence
of Tegner pre-injury, age and gender on Tegner post-surgery.
Student’s #-test and Mann—Whitney test were, respectively,
used to compare outcomes between patients younger or older
than 30 and between males and females. Finally, the outcomes
of isolated MPFL reconstructions were compared with those
associated with TTO through Student’s #-test.
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Results
Outcomes

The Kujala score significantly increased (paired sample
Student’s #-test p < 0.01) from an average of 47.4+17.6
(range, 7.0-81.0) preoperatively to an average of 89.4+13.6
(range, 42.0-100.0) postoperatively; in only two patients
these results were below 60 points at the follow-up (Fig. 1,
Table 2).

The average Lysholm score significantly increased (paired
sample Student’s #-test; p <0.01) from 45.6+20.5 (range,
4.0-86.0) to 89.8 +12.8 (range, 41.0-100.0). Patients gained
an average of 44.2 points.

The Tegner score was recorded before the injury (mean
value 5.9 + 1.8; range, 2.0-9.0), before surgery (mean value
3.0+ 1.6; range, 1.0-7.0) and after surgery (mean value
4.9 +1.6; range, 2.0-7.0). The mean postoperative activity-
level score was significantly higher than the preoperative
score (average gain of 1.9, paired sample Student’s -test
p <0.01), but it was still significantly lower than pre-injury
score (average loss of 1.1, paired sample Student’s ¢-test;
p<0.01) (Fig. 2, Table 2). Indeed, at the last follow-up only
17 patients (43%) returned to the same sport activity they
used to practice before injury.
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Table 2 Summary pre- and post- surgery scores results

Pre-injury Pre-surgery Post-surgery
Kujala score / 474+17.6 89.4+13.6
(7.0-81.0) (42.0-100.0)
Lysholm score / 45.6+20.5 89.8+12.8
(4.0-86.0) (41.0-100.0)
Tegner score 59+1.8 30+1.6 49+1.6
(2.0-9.0) (1.0-7.0) (2.0-7.0)

Patient-related factors

In a multiple regression analysis, pre-injury activity level,
age and gender were tested toward functional post-surgery
outcomes; hence, using the linear regression models while
excluding the parameters "age" and "gender" (p=0.21 and
p=0.16, respectively), the resulted post-surgery functional
scores’ values were significantly impacted by the Tegner
activity-level pre-injury scores (Kujala: p =0.03; Lysholm:
p=0.04; Tegner: p<0.01).

No significant differences were found between gender
in post-surgery Kujala and Lysholm scores (independent
sample Student’s ¢-test; p=0.99 and p =0.95, respectively);
however, males reached a higher Tegner activity-level score
after surgery (p=0.03), as they started with higher values
before injury (p =0.03).

In a linear regression model, increasing age was signifi-
cantly related to a decline in functional scores (p =0.01).
Furthermore, evaluating patients under and above 30 years
old, a difference in Tegner Scale was found both before and

-
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OPre-surgery [OPost-surgery

Fig. 1 Kujala and Lysholm scores pre- and post-surgery (mean increase in Kujala score: 42.0, p <0.01; mean increase in Lysholm score: 44.2,

p<0.01)
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Fig.2 Tegner scores pre-injury, pre- and post- surgery (mean increase in Tegner pre- to post-surgery: 1.9, p <0.01; mean difference between

Tegner post-surgery and pre-injury: — 1.1, p <0.01)

Tegner values after surgery

Patient’s age at  Patient’s age at
surgery <30 y.0. surgery >29y.0.

Fig.3 Tegner score post-surgery comparison between patients
younger and older than 30 years old (Mann—Whitney’s test, p=0.01)

after surgery (Fig. 3): younger patients had a better return
to sport and high demanding activities (Mann—Whitney’s
test: p=0.01). However, there was no statistically significant
difference in Kujala and Lysholm scores between patients
younger and older than 30 years old (Mann—Whitney’s test:
p=0.08 and p=0.06, respectively).

Associated Tibial Tuberosity Osteotomy (TTO)

Patients who underwent isolated MPFL reconstruction (15
knees—1st group) were compared to those who underwent
associated TTO (27 knees—2° group). The mean age at the
time of surgery was 27.6+5.9 in the 1st group and 21.5+2.9
in the 2nd group. The average Kujala, Lysholm and Tegner

scores before surgery in the 1st group were: 47.8 +8.3;
48.3+9.5 and 3.3 +0.8, respectively, while in the 2nd group
they were: 47.1+7.6,44.1 +8.9 and 2.9+ 0.7, respectively.
No statistically significant difference was detected between
the two groups in any score before surgery (Independent
samples Student’s #-test, Kujala: p =0.78, Lysholm: p=0.16,
Tegner: p=0.10). The average Kujala, Lysholm and Tegner
scores post-surgery were similar too, without significant
statistical differences (independent sample Student’s ¢-test,
results shown in Table 3).

Complications

There was only one case (2.4%) of patella redislocation
after isolated MPFL reconstruction. Within the remaining
41 patients, 40 were satisfied after the surgical treatment
performed while one patient complained about anterior knee
pain and dissatisfaction. There were no cases of infections,
wound breakdown, deep vein thrombosis or osteotomy heal-
ing concerns.

Discussion

The purpose of this study was to evaluate the clinical
outcomes of patients treated with anatomic MPFL recon-
struction and their relations with patient’s age, gender and
pre-injury activity level. Furthermore, the clinical and func-
tional outcomes of patients undergoing the isolated ana-
tomic MPFL reconstruction were compared with the ones
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Table 3 Descriptive statistics
of the subgroups of patients
who underwent isolated MPFL

reconstruction or associated
with TTO, with comparison
between their outcome scores
(NS: not significant)

Isolated MPFL recon- MPFL reconstruction A Difference
struction with TTO

Number of treated knees 15 27

Mean age at surgery (years old) 27.6+5.9 21.5+29
(14-45) (15-45)

Mean age at follow-up (years old) 30.4+6.0 245+3.1
(15-47) (16-48)

Mean follow-up (months) 32.6+11.7 35.4+9.1
(12-79) (12-85)

Kujala post-surgery 91.1+14.0 88.5+13.5 2.6 (NS)
(44.0-100.0) (42.0-100.0)

Lysholm post-surgery 90.1+14.8 89.6+11.9 0.5 (NS)
(41.0-100.0) (61.0-100.0)

Tegner post-surgery 48+1.4 49+1.7 -0.1 (NS)
(3.0-7.0) (2.0-7.0)

of patients undergoing the same procedure in addition with
TTO.

As highlighted in the previous literature, the results of
this study support the key role of the MPFL reconstruction in
patellar stabilization [20]: after surgery, a high rate of patient
satisfaction and a significant increase in every functional
score were obtained. In our series, Kujala score gained 42.0
points from a mean of 47.4+17.6 to a mean of 89.4+13.6
after surgery. Mackay et al. [21] in their systematic review
analyzed different techniques for MPFL reconstruction, and
they found an overall improvement in Kujala score of 36
points (from 51.6 [1IC95%: 46.71-56.49] to 87.77 [IC95%:
85.15-90.39]). Mulliez et al. [22] evaluated 129 knees with
MPFL reconstruction performed with Schottle’s technique
(38 ligament reconstructions were associated with TTO
procedures): they had an average increase in Kujala score
of 21.2 points, from 53.5 +22.7 preoperative to 74.7 +20.5
postoperative.

About the sports activity levels, our scores were compa-
rable to the findings of Zhao et al. [23], who evaluated the
return to sport in 45 patients after a follow-up of 60 months
and reported an increase of 2.6 points in Tegner activity-
level scale with a final value of 5.7+ 1.7 after surgery.
Although our patients had an increase from 3.0+ 1.6 before
surgery to 4.9 + 1.6 after surgery, they did not reach the aver-
age pre-injury level of 5.9 + 1.8; the patients with higher
pre-injury Tegner scores reached better post-surgery results.

However, all patients except one were able to perform at
least slight physical activities (Tegner Activity Scale 3): the
same level of pre-injury sport activity was regained from
43% out of all the subjects at the last follow-up.

Similarly, Damasena et al. [24] and Mykashima et al. [25]
in their papers reported that the return to sport at the same
level is often an issue: they, respectively, found that only
10% and 54% of patients returned to play at the same level
as before their injury.
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About the correlation between gender and post-surgery
outcomes, this was not statistically significant in terms of
Kujala and Lysholm scores (p=0.99 and p=0.95, respec-
tively). The only difference in favor of males regarded Teg-
ner postoperative scores, biased by higher pre-injury activity
levels in males than females (»p =0.03) (Table 3).

Stratifying by age, younger patients showed a better
return to sport and higher outcome scores (Fig. 3). Ender-
lein et al. [26], in their prospective study on 240 MPFL
reconstructions, underlined as an age above 30 years old
could negatively affect the outcomes; this may be attrib-
uted to a greater dislocations rate, resulting in a more sig-
nificant chondral damage. In our study, patients younger
than 30 years similarly obtained slightly higher Kujala and
Lysholm scores, while they reached a statistically significant
advantage in terms of post-surgery Tegner scores.

At the end, we found no statistically significant difference
in functional outcomes between isolated MPFL reconstruc-
tions and those associated with TTO. Watanabe et al. [27]
reported a mean postoperative Lysholm score of 92.4+7.6
among 29 isolated MPFL reconstructions and of §9.6 +11.1
among 13 MPFL reconstructions associated with TTO. Sim-
ilar results emerged from our study with an average Lysholm
score of 90.1+14.8 and 89.6+11.9, respectively, with no
significant differences in terms of complication rates. This
suggests that in patients with clinical and anatomic features
(CDI> 1.2 and/or TT-TG > 20 mm), the two surgical pro-
cedures can be safely accomplished together during the
same surgical intervention in order to restore patellar stabil-
ity without the risk of functional impairment or increased
complication rate.

In the current study, we had only one recurrence of dis-
location (2.4%), in our first patient treated with Schottle’s
technique. This adverse event could be probably attributed
to a technical mistake in the first part of our learning curve.
However, the overall redislocation rate is the same observed
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by Mackay et al. [21] in their systematic review (2.4%,
IC95%: 1.29-4.46).

Limitations and strengths of the study

In conclusion, this study has several limitations. Firstly, an
intrinsic limitation is due to the retrospective setting of the
study; secondly, we reported a small sample, especially after
stratification, and lastly, our follow-up is too short to con-
sider further aspects and complications such as the degree
of osteoarthritis eventually induced by surgical procedures.

However, the stringent inclusion criteria and the scru-
pulous methodology used to compare different groups of
patients underwent to MPFL reconstruction gave to this
work importance in terms of obtained results. This surgi-
cal technique provided interesting and comforting results in
according with those present in the recent literature. Further
studies are needed along this path.

Conclusions

Anatomic MPFL reconstruction with gracilis tendon auto-
graft according to Schottle’s technique provides an excellent
recovery of patellar stability with a low redislocation rate,
a significant improvement in knee function and a predict-
able return to ADL in our series. Almost half of the patients
regained the pre-injury sport activity level, consistently with
the results reported in the literature. Higher activity levels
were achieved by younger and fitter subjects, while patient’s
gender did not affect the outcomes. MPFL reconstructions
associated with TTO provided clinical results comparable
to isolated MPFL reconstructions, suggesting that the two
procedures can be safely accomplished together whenever
needed without affecting the positive outcomes.

Funding Open access funding provided by Universita degli Studi di
Torino within the CRUI-CARE Agreement. This research did not
receive any specific grant from funding agencies in the public, com-
mercial, or not-for-profit sectors.

Declarations

Conflict of interest All the authors, their immediate family and any
research foundation with which they are affiliated did not receive any
financial payments or other benefits from any commercial entity re-
lated to the subject of this article.

Ethical approval In light of the Italian law, we are not required to ask
for approval for this type of studies. However, each author certifies
that his or her institution has approved the human protocol for this
investigation and that all investigations were conducted in conformity
with ethical principles of research. The study was performed in accord-
ance with the ethical standards in the 1964 Declaration of Helsinki and
was carried out in accordance with relevant regulations of the Italian

National Health Care System. All authors certify they not have signed
any agreement with a commercial interest related to this study, which
would in anyway limit publication of any data generated for the study
or to delay publication for any reason.

Informed consent Informed consent was obtained from all the patients
included in our study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Casteleyn PP, Handelberg F (1989) Arthroscopy in the diagnosis
of occult dislocation of the patella. Acta Orthop Belg 55:381-383

2. Fithian DC, Paxton EW, Stone ML, Silva P, Davis DK, Elias DA,
White LM (2004) Epidemiology and natural history of acute
patellar dislocation. Am J Sports Med 32(5):1114-1121. https://
doi.org/10.1177/0363546503260788

3. Hawkins RJ, Bell RH, Anisette G (1986) Acute patellar dislo-
cations. The natural history. Am J Sports Med 14(2):117-120.
https://doi.org/10.1177/036354658601400204

4. Arendt EA, Dahm DL, Dejour D, Fithian DC (2014) Patel-
lofemoral joint: from instability to arthritis. Instr Course Lect
63:355-368

5. Malghem J, Maldague B (1989) Depth insufficiency of the proxi-
mal trochlear groove on lateral radiographs of the knee: relation
to patellar dislocation. Radiology 170:507-510. https://doi.org/
10.1148/radiology.170.2.2911676

6. Dejour D, Ferrua P, Ntagiopoulos PG, Radier C, Hulet C, Rémy F,
Chouteau J, Chotel F, Boisrenoult P, Sebilo A, Guilbert S, Bertin
D, Ehkirch FP, Chassaing V (2013) The introduction of a new
MRI index to evaluate sagittal patellofemoral engagement. Orthop
Traumatol Surg Res 99(8 Suppl):S391-S398. https://doi.org/10.
1016/j.0tsr.2013.10.008

7. Song EK, Seon JK, Kim MC, Seol YJ, Lee SH (2016) Radiologic
measurement of tibial tuberosity-trochlear groove (TT-TG) dis-
tance by lower extremity rotational profile computed tomography
in Koreans. Clin Orthop Surg 8(1):45-48. https://doi.org/10.4055/
ci0s.2016.8.1.45

8. Monk AP, Doll HA, Gibbons CL, Ostlere S, Beard DJ, Gill HS,
Murray DW (2011) The patho-anatomy of patellofemoral sub-
luxation. J Bone Jt Surg Br 93(10):1341-1347. https://doi.org/10.
1302/0301-620X.93B10.27205

9. Atkin DM, Fithian DC, Marangi KS, Stone ML, Dobson BE,
Mendelsohn C (2000) Characteristics of patients with primary
acute lateral patellar dislocation and their recovery within the first
6 months of injury. Am J Sports Med 28:472-479. https://doi.org/
10.1177/03635465000280040601

10. Smith TO, Song F, Donell ST, Hing CB (2011) Operative
versus non-operative management of patellar dislocation. A

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1177/0363546503260788
https://doi.org/10.1177/0363546503260788
https://doi.org/10.1177/036354658601400204
https://doi.org/10.1148/radiology.170.2.2911676
https://doi.org/10.1148/radiology.170.2.2911676
https://doi.org/10.1016/j.otsr.2013.10.008
https://doi.org/10.1016/j.otsr.2013.10.008
https://doi.org/10.4055/cios.2016.8.1.45
https://doi.org/10.4055/cios.2016.8.1.45
https://doi.org/10.1302/0301-620X.93B10.27205
https://doi.org/10.1302/0301-620X.93B10.27205
https://doi.org/10.1177/03635465000280040601
https://doi.org/10.1177/03635465000280040601

448

MUSCULOSKELETAL SURGERY (2022) 106:441-448

12.

13.

14.

15.

16.

17.

18.

19.

20.

meta-analysis. Knee Surg Sports Traumatol Arthrosc 19(6):988—
998. https://doi.org/10.1007/s00167-010-1355-2

. Smith TO, Donell S, Song F, Hing CB (2015) Surgical versus non-

surgical interventions for treating patellar dislocation. Cochrane
Database Syst Rev 26(2):CD008106. https://doi.org/10.1002/
14651858.CD008106.pub3

Erickson BJ, Mascarenhas R, Sayegh ET, Saltzman B, Verma
NN, Bush-Joseph CA, Cole BJ, Bach BR Jr (2015) Does opera-
tive treatment of first-time patellar dislocations lead to increased
patellofemoral stability? A systematic review of overlapping
meta-analyses. Arthroscopy 31(6):1207-1215. https://doi.org/
10.1016/j.arthro.2014.11.040

Lee SE, Cho SH (2013) The effect of McConnell taping on vas-
tus medialis and lateralis activity during squatting in adults with
patellofemoral pain syndrome. J Exerc Rehabil 9(2):326-330.
https://doi.org/10.12965/jer.130018

McConnell J (2007) Rehabilitation and nonoperative treatment
of patellar instability. Sports Med Arthrosc Rev 15(2):95-104.
https://doi.org/10.1097/JSA.0b013e318054e35¢

Balcarek P, Oberthiir S, Hopfensitz S, Frosch S, Walde TA,
Wachowski MM, Schiittrumpf JP, Stiirmer KM (2014) Which
patellae are likely to redislocate? Knee Surg Sports Trau-
matol Arthrosc 22(10):2308-2314. https://doi.org/10.1007/
s00167-013-2650-5

Parikh SN, Nathan ST, Wall EJ, Eismann EA (2013) Complica-
tions of medial patellofemoral ligament reconstruction in young
patients. Am J Sports Med 41(5):1030-1038. https://doi.org/10.
1177/0363546513482085

Liebensteiner MC, Dirisamer F, Balcarek P, Schoettle P (2017)
Guidelines for treatment of lateral patella dislocations in skeletally
mature patients. Am J Orthop 46:E86-E96

Placella G, Speziali A, Sebastiani E, Morello S, Tei MM, Cerulli
G (2016) Biomechanical evaluation of medial patello-femoral
ligament reconstruction: comparison between a double-bundle
converging tunnels technique versus a single-bundle technique.
Musculoskelet Surg 100(2):103-107. https://doi.org/10.1007/
$12306-016-0397-0

Schéttle PB, Schmeling A, Rosenstiel N, Weiler A (2007) Radio-
graphic landmarks for femoral tunnel placement in medial patel-
lofemoral ligament reconstruction. Am J Sports Med 35(5):801—
804. https://doi.org/10.1177/0363546506296415

Smith MK, Werner BC, Diduch DR (2018) Avoiding Complica-
tions with MPFL Reconstruction. Curr Rev Musculoskelet Med
11(2):241-252. https://doi.org/10.1007/s12178-018-9479-y

@ Springer

21.

22.

23.

24.

25.

26.

217.

Mackay ND, Smith NA, Parsons N, Spalding T, Thompson P,
Sprowson AP (2014) Medial patellofemoral ligament reconstruc-
tion for patellar dislocation: a systematic review. Orthop J Sports
Med 2(8):2325967114544021. https://doi.org/10.1177/23259
67114544021

Mulliez A, Lambrecht D, Verbruggen D, Van Der Straeten C,
Verdonk P, Victor J (2017) Clinical outcome in MPFL recon-
struction with and without tuberositas transposition. Knee Surg
Sports Traumatol Arthrosc 25(9):2708-2714. https://doi.org/10.
1007/500167-015-3654-0

Zhao J, Huangfu X, He Y (2012) The role of medial retinaculum
plication versus medial patellofemoral ligament reconstruction in
combined procedures for recurrent patellar instability in adults.
Am J Sports Med 40(6):1355-1364. https://doi.org/10.1177/
0363546512439193

Damasena I, Blythe M, Wysocki D, Kelly D, Annear P (2017)
Medial patellofemoral ligament reconstruction combined with
distal realignment for recurrent dislocations of the patella:
5-year results of a randomized controlled trial. Am J Sports Med
45(2):369-376. https://doi.org/10.1177/0363546516666352
Mikashima Y, Kimura M, Kobayashi Y, Miyawaki M, Tomatsu
T (2006) Clinical results of isolated reconstruction of the medial
patellofemoral ligament for recurrent dislocation and subluxation
of the patella. Acta Orthop Belg 72(1):65-71

Enderlein D, Nielsen T, Christansen SE, Fauno P, Lind M (2014)
Clinical outcome after reconstruction of the medial patellofemoral
ligament in patients with recurrent patella instability. Knee Surg
Sport Traumatol Arthrosc 22(10):2458-2464. https://doi.org/10.
1007/500167-014-3164-5

Watanabe T, Muneta T, Ikeda H, Tateishi T, Sekiya I (2008) Vis-
ual analog scale assessment after medial patellofemoral ligament
reconstruction: with or without tibial tubercle transfer. J Orthop
Sci 13(1):32-38. https://doi.org/10.1007/s00776-007-1196-0

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


https://doi.org/10.1007/s00167-010-1355-2
https://doi.org/10.1002/14651858.CD008106.pub3
https://doi.org/10.1002/14651858.CD008106.pub3
https://doi.org/10.1016/j.arthro.2014.11.040
https://doi.org/10.1016/j.arthro.2014.11.040
https://doi.org/10.12965/jer.130018
https://doi.org/10.1097/JSA.0b013e318054e35c
https://doi.org/10.1007/s00167-013-2650-5
https://doi.org/10.1007/s00167-013-2650-5
https://doi.org/10.1177/0363546513482085
https://doi.org/10.1177/0363546513482085
https://doi.org/10.1007/s12306-016-0397-0
https://doi.org/10.1007/s12306-016-0397-0
https://doi.org/10.1177/0363546506296415
https://doi.org/10.1007/s12178-018-9479-y
https://doi.org/10.1177/2325967114544021
https://doi.org/10.1177/2325967114544021
https://doi.org/10.1007/s00167-015-3654-0
https://doi.org/10.1007/s00167-015-3654-0
https://doi.org/10.1177/0363546512439193
https://doi.org/10.1177/0363546512439193
https://doi.org/10.1177/0363546516666352
https://doi.org/10.1007/s00167-014-3164-5
https://doi.org/10.1007/s00167-014-3164-5
https://doi.org/10.1007/s00776-007-1196-0

	Anatomic medial patellofemoral ligament (MPFL) reconstruction with and without tibial tuberosity osteotomy for objective patellar instability
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Level of evidence 

	Introduction
	Material and methods
	Demographic data

	Statistical methodology
	Results
	Outcomes
	Patient-related factors
	Associated Tibial Tuberosity Osteotomy (TTO)
	Complications

	Discussion
	Limitations and strengths of the study

	Conclusions
	References




