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Self-reported and performance-based outcomes following medial
patellofemoral ligament reconstruction indicate successful
improvements in knee stability after surgery despite remaining
limitations in knee function
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Abstract

Purpose To evaluate short- to midterm outcomes of medial patellofemoral ligament reconstruction (MPFL) using patient-
reported outcome measures and functional testing.

Methods Twenty-four patients were examined regarding knee function after MPFL reconstruction, with a mean follow-up
time of 45.3 + 18.4 months since surgery. Knee function was evaluated using the Tegner score, VAS, the knee injury and
osteoarthritis outcome score (KOOS), the Lysholm score, SF-36 and EQ-5D-3L as well as functional scores. A group of
uninjured persons of the same age and same gender composition was used for comparison.

Results Eight (40%) patients managed to return to their pre-injury activity level. Five (25%) patients stated that they had
experienced further patella dislocations after surgery but only two (10%) had sought medical help. Patients showed signifi-
cantly poorer results in all PROMs compared to controls. The results obtained with SF-36 showed significant differences in
physical health between the groups, but not in mental health. The functional performance test results showed overall poorer
results for the patients versus controls: 11.5 sets for the square jump (6.7-15.7) versus 21 sets (18-26), 11.5 sets for the
step-down test (6.5-15) versus 22 sets (18-26), and 77 cm for the single-leg hop for distance (32.2-110.5) versus 126 cm
(115-37); all (P <0.005).

Conclusions After MPFL reconstruction, patients do not regain normal knee function, as measured by PROMs and functional
tests, compared to an uninjured control group. Patients should be informed about residual functional limitations despite
improved stability.

Level of evidence III.
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Abbreviations KOOS Knee injury and Osteoarthritis Outcome
MPFL Medial patellofemoral ligament Score

PROMs Patient reported outcome measures EQ-5D-3L  European quality of life—35 dimensions
VAS Visual analogue scale
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fragments that may require immediate surgical treatment.
Surgery is usually indicated after recurrent dislocations
[10]. One of the primary surgical treatments for recurrent
patella instability is reconstruction of the medial patellofem-
oral ligament (MPFL) [8]. The results are good in terms of
patient-reported outcomes [6] with reported re-dislocation
rates in the range of 0-17% [6, 8]. However, to the best of
our knowledge, no study has evaluated knee function after
surgery using standardized physical tests.

The purpose of this study was therefore, to evaluate short-
to midterm outcomes of MPFL reconstruction using both
patient-reported outcome measures (PROMs) and func-
tional testing. PROMs provide subjective results and help
us compare our study with others. Using functional tests, we
can evaluate knee function in situations similar to everyday
physical activities. Our hypothesis patients with recurrent
patella dislocations who underwent MPFL reconstruction
would experience good knee function and a low rate of
residual dislocation.

Materials and methods

The patients included in this retrospective study were
identified from medical records on surgical procedures
between 2008 and 2013. The minimum follow-up time was
18 months. All patients were treated with MPFL reconstruc-
tion at a university hospital in Sweden. Patient characteris-
tics are presented in Table 1.

The indication for surgery was recurrent patella disloca-
tions despite adequate physiotherapy. Adequate physiother-
apy was defined as at least 6 months of supervised training
sessions 1-2 times per week at a specialized institution. It

was established from medical records that all the patients
had two or more confirmed dislocations prior to surgery.
The median age of the patients at the time of surgery was
20 (13-41) years. The patients were scheduled for clinical
follow-up evaluations at the hospital 6 weeks and 3 months
after their procedures. After that, there were only follow-ups
if needed.

Patients suffering from diabetes, rheumatic diseases, neu-
romuscular diseases, Ehler-Danlos syndrome and Down’s
syndrome were excluded, as were patients with severe psy-
chosocial disorders and known substance abuse.

The patients in this study went through a treatment algo-
rithm used by experienced surgeons. Patients were sched-
uled for MPFL- reconstruction only if their g-angle was not
obviously pathological; their TT-TG distance was not over
20 mm, which would have directed them towards a distal
realignment or combined procedure; or they had a level of
trochlea dysplasia (types B or D according to Dejour), which
would have directed them towards trochleaplasty.

The MPFL reconstruction was performed using a free
gracilis tendon graft anatomically positioned with the use of
peroperative radiographs as described by Schottle et al. [21].

Thirty-six patients met the criteria and were invited to
participate in the follow-up study, which included both
PROMs and clinical functional testing. Eight patients chose
not to participate because they were not interested, did not
have the time or had moved away from the area. None of
these patients had sought medical help because of re-dislo-
cations. Three patients could not be reached, and one patient
was excluded because of mental illness. The remaining 24
completed and sent in self-reported outcome questionnaires,
and 20 of these participated in the clinical functional test-
ing. The other four could not attend the clinical assessment

Table 1 Patient characteristics

Patients Controls
Number of participants (V) 24 22
Physical assessment (1) 20 22
Self-reported scores (1) 24 20
Age at assessment, mean (range) (y) 25.9 (17-45) 23.4 (21-26)
Age at surgery, mean (range) (y) 21.8 (13-41) NA
BMI 253 +4.8 223+23
Sex
Female 18 17
Male 6 5
Injured leg
Right 14 NA
Left 10
Dislocations before surgery, mean (range) (n) 11.5 (6.5-30) NA
Follow up, mean (range) (month) 45.3 (21-85) NA
Age at primary dislocation, mean (range) (y) 13.5 (5-20) NA
Years from injury to operation, mean (range) (y) 8.4 (range 1-27) NA
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because of other minor health issues or because they had
moved to another region of Sweden.

Because the hypothesis was that knee function after sur-
gery would be good in comparison to uninjured knees, a
healthy control group was chosen for comparison. The con-
trol group consisted of 22 subjects recruited from the univer-
sity medical school. They underwent the same assessment as
the patients, although three did not complete the self-report-
ing questionnaires. The controls had no medical history of
surgery or significant injuries in the lower extremities or hip.
The subjects in the control group were not pair-matched, but
their age and level of activity were similar to those of the
patients. Since this injury is more common among females,
the uninjured control group contained more females than
males. Because no differences were observed between the
right and left legs of the controls, their right legs were used
for comparison [4].

Study design

This is a retrospective study of subjects who had undergone
isolated MPFL reconstruction between 2008 and 2013 with
a mean follow-up time of 45.3 + 18.4 months. Four of the 24
patients had a follow-up time that was less than 24 months
but had been discharged and medically cleared from physi-
cal therapy.

All 36 eligible patients were sent self-reporting question-
naires. Those who chose to participate in the study under-
went a physical assessment at the clinic, which included
patient history, knee symptoms and function, and range of
motion measured with a goniometer. The patients were also
asked to estimate their level of knee pain during the past
few weeks, from O to 10 on a visual analogue scale (VAS)
[16]. The patients were asked to estimate how many patella
dislocations they had experienced before and after surgery,
how many months of physiotherapy they had completed after
surgery and whether they had experienced any other com-
plications. The subjects in the control group completed the
same physical assessments and self-reporting questionnaires.

Patient-reported outcomes

All eligible patients were asked to complete the following
validated questionnaires: Tegner activity Scale [25], the
Knee injury and Osteoarthritis Outcome Score (KOOS) [20],
the Lysholm knee score [11] as well as the 36-Item Short
Form Survey (SF-36) [24] and European quality of life-5
dimensions -3L (EQ-5D-3L) and EQ-5D-3L-VAS (health
status of the day of the interview) [12] to evaluate patient
satisfaction and quality of life.
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Functional tests

The square jump test, the step-down test and the single-leg
hop for distance were used to evaluate knee function.

Square jump test This validated test was included in the
study to evaluate knee stability during multidirectional
movements [19]. The number of jumps successfully per-
formed without touching the frame was recorded.

Step-down test This unilateral test has good reliability and
emulated walking down a step. The number of times patients
could repeat the test in 30 s was recorded [16].

Single-leg hop for distance This validated test was origi-
nally developed to evaluate anterior cruciate ligament defi-
ciency but it has also proven reliable in healthy participants.
Strength, coordination and agility are evaluated by putting
stress on the quadriceps, hamstrings, and hip muscle [3].
This test can be performed either with the patient’s hands
behind their back [19] or hanging freely at the side of the
body. The latter method was used in this study [3]. The sub-
ject was instructed to hop as far as they could, while main-
taining their balance and postural control. Three hops were
performed on each leg with the possibility of a fourth if the
hops were longer each time [3, 19].

Ethics

This study began as a student project that was approved by
the faculty of Medicine at Lund University in compliance
with all the rules of the Swedish Ethical Review Act. Under
that Act, an additional IRB approval is not necessary. In fact,
it cannot be issued after the study has begun. All patients and
controls were informed both in writing and orally about the
study and completed informed consent forms before enroll-
ment. All patients had the option to withdraw from the study
at any time.

Statistical analysis

The statistical analysis was performed with the SPSS Sta-
tistics for MAC 22.0 software package. Patient characteris-
tics and descriptive data are presented as the mean, range
and standard deviation unless otherwise stated, while the
results of the self-reported questionnaires and the functional
tests are presented as the median and interquartile range
(Q1-Q3). Because of the small size of the study group, the
non-parametric Mann—Whitney U test was used to compare
the two independent groups. A P value <0.05 was defined
as indicating statistical significance. Power analysis was not
performed prior to the study due to its exploratory nature.
However, a post hoc power analysis showed a 99% power for
the different KOOS subscales (n =22 patients, n =24 con-
trols) and over a 90% power for the functional performance
tests (n =20 patients, n =22 controls).
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Results

Physical assessments showed that patients had a poorer
range of motion regarding flexion: 130° (125°-130°) com-
pared to the controls 132.5° (130°-140°) (P <0.005). No
difference in knee extension was found between the groups.
Five of 20 patients who participated in the clinical assess-
ment had experienced a dislocation after surgery, but only
two had sought medical attention for it. Patients’ median
Tegner activity levels are presented in Table 2. Eight (40%)
of patients managed to return to their pre-injury activity
level. The visual analogue scale for pain over the past week
(VAS) together with Lysholm score and Quality of life meas-
ured by EQ-5D-3L are presented in Table 2.

Patients versus control group median KOOS results are
presented in Table 3.

The results obtained with SF-36 are presented in Fig. 1.
Patients versus control group median SF36 PCS (physical
component summary) and SF 36 MCS (mental component
summary) scores and interquartile range (Q1-Q3) were:
SF36 PCS 46 (36-50) versus 58 (56-59), (p <0.005): SF36
MCS 47(39-56) versus 45 (40-49), (n.s.).

The functional performance tests showed overall poorer
results for the patients as compared to the controls: 11.5 sets
for the square jump (6.7-15.7) versus 21 sets (18-26), 11.5
sets for the step-down test (6.5—15) versus 22 sets (18-26),
and 77 cm for the single-leg hop for distance (32.2-110.5)
versus 126 cm (115-37); all (P <0.005), Fig. 2.

Table 2 Results of the self-reported questionnaires for the patients and controls (median and interquartile range, Q1-Q3)

Injured leg Patients (n=20) Controls (n=22) P value
Tegner score pre-injury 6 (5-9)
Tegner score at follow-up 5 (3-6) 5.5(5-7) 0.038
EQ-5D-3L 0.78 (0.66-0.8) 1(0.85-1) < 0.005
EQ-5D-3L VAS 70 (56-80) 85 (80-90) < 0.005
Patients (n=24) Controls (n=22) P value
Lysholm score (range) 74 (61-80) 100 (92-100) 0.005
VAS (range) 3(0.25-5.5) 0 (0) < 0.005
Table 3 KOOS for patients KOOS Patients (n1=22)  Controls (1=24) P value
and controls (median and
interquartile range, Q1-Q3) Pain 79.5 (54-83) 100 (97-100) < 0.005
Symptoms 68 (54-78) 94.5 (87-100) < 0.005
Function in daily living (ADL) 85.5 (65-94) 100 (100-100) < 0.005
Function in sport and recreation (Sports/Rec) 40 (16-57) 100 (95-100) < 0.005
Knee-related quality of life (QOL) 50 (31-67) 100 (81-100) < 0.005

Fig. 1 Results of the SF-36 100
scores in patients and con-

trols (median). PF (physical %0

functioning), RP (role physical), 80
BP (bodily pain), GH (gen-
eral health), VT (vitality), 70
SF (social functioning), RE
(role emotional), MH (mental 60
health), MCS (mental compo- 50
nent summary), PCS (physical
component summary) 40
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20
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Fig.2 Results of functional performance tests in patients and controls
(median)

Discussion

The most important finding of this study is that patients who
have undergone MPFL reconstruction do not regain normal
knee function after surgery. Compared to healthy controls,
they show significantly poorer results in both PROMs and
functional tests. The re-dislocation rate after surgery was
2/20 (10%), according to medical records, i.e., those seeking
medical help. However, when the patients were asked if they
had experienced recurrent dislocations, 5/20 (25%) stated
that they had. In a review by Buckens et al. [6] lower re-
dislocation frequencies between 0 and 8% and a subluxation
frequency of 0—10% were reported. Camp et al. [7] reported
a higher recurrent dislocation rate of 28% (8 patients),
only three of whom did not require reoperation. Enderlein
et al. [8] carried out one of the largest studies on the suc-
cess of MPFL reconstruction which included 224 patients.
They found a re-dislocation rate of 4.5%, but over 39% had
experienced a sensation of subluxation. The study did not
include any functional tests. The definition of postoperative
re-dislocation in several of the studies is vague, and no clear
differentiation is made between subluxation and dislocation.
Furthermore, it is difficult for patients to define the sensa-
tion of instability, indicating that functional tests provide
a useful complement to the assessment of those patients,
and may provide additional information to create a more
accurate picture of knee function than subjective scores and
re-dislocation or reoperation rates alone.

Another problem in comparing different studies is the
long time between primary dislocation and surgery, as well
as the long follow-up time and possible development of
osteoarthritis in some cases. In a study by Numera et al.
[18] the mean time from the first dislocation to surgery
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was 4.6 (0.8-25) years. Patients who showed moderate to
severe osteoarthritic changes at radiograph examination
were excluded from their analysis. In the present study,
mean time to surgery was 8.4 (1-27) years, which is con-
siderably longer. This is because surgery was not indicated
unless the patient had repeated dislocations after adequate
physiotherapy. Patients who had developed osteoarthritis
were not offered surgery and were, therefore, not included
in our study.

The patients in this study had slightly poorer range of
motion regarding flexion than the control group. However,
the clinical significance of this finding was not investi-
gated, as the test did not involve kneeling, deep squats or
similar movements. A limited range of motion is common
after knee surgery, and it is rare for patients to regain full
movement [22].

The Tegner activity scores showed that 40% of the
patients were able to return to their pre-injury activity
level or higher. The scores in this study, a median of 6
before injury and a median of 5 post-injury, are compa-
rable to values reported in some studies [15]. For exam-
ple, Lim et al. [15] reported a mean post-surgery Tegner
activity score of 3.45. However, the patients in the present
study had lower Lysholm knee scores than in previous
studies. A median score of 74 is a reasonable result, but
not as good as the average postoperative scores of 8§9-92
given in some systemic reviews [6, 9]. Although MPFL
reconstruction was the focus of most studies, several stud-
ies considered a combined approach that involved MPFL
reconstruction together with tibial tubercle transfer, lateral
release or chondroplasty [5, 9]. Ahmad et al. [1] reported
a post-surgery Lysholm score of 88.7 in a study where
surgery combined with distal realignment procedures or
additional ligament reconstruction was excluded—simi-
lar to the inclusion criteria of this study. However, only
subluxations, not confirmed dislocations were required for
surgery, so their patient profile is not directly comparable
to ours.

The median value of pain on the VAS was 3, indicat-
ing that patients still experienced some pain several years
after surgery. This corresponds with findings of other stud-
ies, in which a decrease in pain was observed after surgery,
although some patients experienced pain during some sport-
ing activities and others even in everyday life [13]. Accord-
ing to Aktin et al. [2] 56% of patients still experienced pain
24 weeks after surgery.

The KOOS profile of the patients in the present study
was lower than that of the control group but still indicated
a good overall result regarding activities of daily living and
pain, which is in line with the findings of Larsson et al. [14].

Significant differences were found in both SF-36 and
EQ-5D-3L between the patients and the controls. The con-
trols reported a subjectively better state of health. However,
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consistent with other studies, the patients reported overall
good health despite their injured knees [9].

The patients’ functional performance was significantly
poorer than that of the control group in all three tests. These
tests reveal difficulties that cannot be discovered with ques-
tionnaires. The difference may be due not only to patients’
weaker muscles, but also to psychological factors such as
lack of confidence in knee reliability [9]. The most efficient
physical treatment has not yet been determined, and it has
been shown that muscle strength is reduced after rehabilita-
tion regardless of treatment [23]. Furthermore, the fact that
patients with patellar instability are often complex cases
with alterations in soft tissue restraint and ligament func-
tion, as well as skeletal abnormalities, makes it difficult to
restore normal knee function. The surrounding structures
may be impaired after multiple patella dislocations, and
cartilage lesions may prevent complete functional recovery
[17]. Surgery can cause scarring and, in some cases, create
an under- or over-constrained MPFL, which may affect knee
function [7].

A variety of outcome measures and clinical tests can be
used to diagnose and evaluate patella instability prognosis. A
specific functional test or patient-reported outcome measure
for this patient group has not yet been developed, which war-
rants future studies in this field.

This study was based on a small number of participants:
~20 subjects in each group. The control group was not pair-
matched. For some of the PROMs the patients had to esti-
mate knee function several years back in time. These data
about symptoms, rehabilitation and levels of activity are,
therefore, less reliable. Radiograph examinations were not
used at follow-up to assess post-traumatic arthritis, which
made it difficult to fully explain the reasons for the poorer
results in the patient group. According to the treatment algo-
rithm, no patients with significantly increased Q-angle or
TT-TG distance over 20 mm should be present in this group.
However, we have no data on these measurements.

Conclusions

Results showed that patients with recurrent patellar disloca-
tions treated with MPFL reconstruction did not regain nor-
mal knee function, as measured by PROMs and functional
tests. Due to the limitations described above, no certain con-
clusions could not be drawn regarding the cause of these
results, though possibilities include laxity, insufficient reha-
bilitation and impaired neuromuscular control, anatomical
variations, or development of osteoarthritis. Patients under-
going MPFL reconstruction should be informed about the
residual functional limitations they are likely to experience
despite their improved post-surgery stability.
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