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Background: This study firstly aimed to determine whether proprioception deficits, as measured by joint po-
sition sense (JPS), occur in people following recurrent patellar dislocations. Secondly, to determine whether
JPS changes following medial patellofemoral ligament reconstruction (MPFL) reconstruction for patellar in-
stability.
Methods: Thirty people following recurrent patellar dislocation were recruited. Pre-operative JPS was
assessed using the passive angle reproduction test. Through this, an assessor moved a participant's limb to
a target position. This was returned to neutral, before finally moving the limb again, whilst requiring the par-
ticipant to indicate when they thought the target angle was reached. The actual angular error (AAE) was cal-
culated as the difference between the perceived angle and target angle. Clinical outcomes included the Kujala
Patellofemoral Disorder Score, the International Knee Documentation Committee (IKDC) form, pain, knee

motion, extensor muscle strength and frequency of patellar dislocation. Outcomes were assessed
pre-operative, 6 weeks, 3 and 12 months.
Results:Mean AAE was 2.2° (inner range) to 3.9° (mid-range); this was not clinically significant. There was no
statistically significant difference between the baseline-and-6 week, 6 week-and-3 month or baseline-
and-12 month AAE measures (p=0.38 to 1.00). There was a statistically significant improvement in func-
tional outcomes as measured by the Kujala score, IKDC form, reduced pain and increased extension strength
from baseline to 12 months (pb0.01).
Conclusions: Following recurrent patellar dislocation, patients exhibit minimal deficits in JPS. Whilst MPFL
reconstruction significantly improved clinical and functional outcomes for this population, this operation
did not significantly alter JPS during the first post-operative year.
© 2012 Elsevier B.V. All rights reserved.
1. Introduction

Patellar instability and dislocation are painful debilitating condi-
tions which have a major impact on the ability of people to partici-
pate in occupational and recreational pursuits [1]. Patellar instability
may occur from a weak or poorly recruited VMO, tight lateral soft tis-
sues (such as the lateral retinaculum, vastus lateralis or the iliotibial
band), patella alta, trochlear dysplasia, or torn medial soft tissues
such as the medial patellofemoral ligament (MPFL) [2].

The MPFL is the major static soft-tissue stabiliser to lateral patellar
dislocation [3]. This ligament is damaged or ruptured during the ma-
jority of lateral patellar dislocations [4,5]. Over recent years, advances
y Hospital and theUniversity of

f Medicine and Health Science,
wich, NR4 7TJ, UK. Tel.: +44

rights reserved.
have been made in the reconstruction and repair of the MPFL for peo-
ple with recurrent patellar dislocation [6,7]. Various methods of
performing this operation have been described, including allografts
and autographs to reconstruct the ligament. These have included
the adductor magnus tendon [7], quadriceps tendon [6,8], and gracilis
and hamstring tendon [9], using different fixation methods such as
suture anchors, buttons or inferential screw fixation [6–10]. The re-
sults of these operations are favourable with regard to reducing re-
current patellar dislocation and functional outcomes [9,11].

Proprioception encompasses several different components includ-
ing joint position sense (JPS), velocity, movement detection and force
[12]. It is derived frommechanoreceptors in the muscle, joint capsule,
tendon, ligaments and skin [13]. Trauma to these receptors can dam-
age this feedback system. This may make the limb more susceptible
to injury with reduced motor control [14–16]. This principle has
been previously reported in cohorts with anterior cruciate ligament
injury [17] and meniscal injury [18]. Furthermore, Baker et al's [14]
work indicated that pain originating from the patellofemoral joint
may also be related to reduce proprioceptive capability. It is therefore
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hypothesised that reconstruction of such injured structures to im-
prove symptoms and clinical outcomes may restore proprioceptive
feedback mechanisms to the entire knee [17].

Others have suggested that theremay be a significant deterioration
in proprioceptive capability following patellar dislocation [15,16].
However, only one study has previously assessed proprioceptive capa-
bility in a patellar instability cohort. Jerosch and Prykma [15] assessed
JPS in 30 healthy controls and nine individuals following recurrent
patellar dislocation. They reported a statistically significantly greater
angle reproduction error (i.e. poorer proprioception) in those who
had experienced recurrent patellar dislocations compared to healthy
controls (pb0.05) [15]. However, these findings are based on the
results of a small, underpowered sample of people following lateral
patellar dislocation. Furthermore whilst no studies have assessed the
effect of proprioception following patellar surgery, with other knee
procedures such as ACL reconstruction, partial medial meniscectomy
and medial meniscal repair, post-operative knee proprioception sig-
nificantly improved compared to the pre-operative status [17–19].

The purposes of this study were therefore firstly to determine
whether proprioceptive deficits, as measured by JPS, are evident in a
sufficiently powerful cohort of people who have experienced re-
current patellar dislocations. Secondly, to determine whether JPS
changed over time following a MPFL reconstruction for patellar insta-
bility. Finally, the clinical outcomes of this cohort were also examined
to determine whether function, muscle strength or pain altered
following MPFL reconstruction during the first post-operative year.

2. Materials and methods

An observational, non-experimental repeated measures study
design was used.

2.1. IRB/ethical approval

Ethics approval was obtained from the local ethics committee
before people were identified and approached.

2.2. Inclusion/exclusion criteria

Participants were eligible for inclusion if they were:

• Listed for an elective MPFL reconstruction due to recurrent patellar
dislocation and current instability symptoms.

• Aged 16 years upwards, presented with clinically normal tibio-
femoral joints (i.e. negative ligamentous, chondral or degenerative
tibiofemoral injury).

• Provided informed written consent.

Participants were not eligible if:

• Presented with trochlear dysplasia characterised by a boss height of
greater than 4 mm on lateral X-ray [20].

• It was predicted that they were unable to undertake the
assessment.

• Allergic to the adhesive tape used in the assessment procedure.
• Evidence of symptomatic patellofemoral osteoarthritis.
• Any medical conditions known to affect proprioception e.g. diabetes
mellitus, arteriosclerosis, cerebral vascular accident, Parkinson's,
Alzheimer's, polyneuropathy, or alcohol or drug abuse.

• An unwillingness to participate.

2.3. Sample size

A power calculation was performed [21] based on a previously
reported standard deviation of the knee angle deviation in actual-
to-perceived measurements of individuals following recurrent patellar
dislocation of 3.9, plus a minimally important clinical difference
(MICD) between patellar instability and healthy controls of 4.6° [15].
With a power of 90% and at the 5% level of significance, this indicated
that a sample of 18 people would be required, based on performing
a parametric data analysis. However in the event that the data were
not normally distributed and that participants were lost during
the follow-up period, the sample size was increased by 40% to 30
participants.

2.4. Surgical/post-operative procedures

The surgical and post-operative rehabilitation procedures were
standardised. All participants underwent a MPFL reconstruction
using the same technique [22]. In this, a portion of the semi-
tendinosus or gracilis tendon was harvested as a free graft. A single
anteromedial bony tunnel was made using a 4.5 mm drill in the ex-
treme medial border of the patella. The graft was passed through
this, and then through the second layer of the medial retinaculum.
The double-bundle was then whip-stitched together and passed
into a femoral pit (7 mm wide and 30 mm deep) made just distal to
the adductor tubercle. The graft was tensioned at 70 degrees flexion
and secured with a bioabsorbable screw (Milagro, DePuy: 7 mm by
23 mm).

Post-operatively there were no restrictions on weight-bearing or
knee range of motion. Participants were instructed, as soon as they
could, to commence knee range of motion and strengthening exer-
cises dependent on pain. Each was initially provided with crutches
to permit mobility but encouraged to progress off these once pain
had reduced. An out-patient physiotherapy appointment was ar-
ranged on discharge to physiotherapy within a week after the opera-
tion. During these sessions participants progressed their knee range
of motion and strength using a graded exercise programme.

2.5. Measurements

The primary outcome measure was proprioception assessed using
a passive angle reproduction test described by Jerosch and Prymka
[15] and Barrett et al. [23]. Whilst the validity and reliability of this
method have yet to be assessed in this population, this method was
chosen as it has been successfully undertaken in previous studies
assessing proprioception following anterior cruciate ligament, medial
meniscal surgery and patellar dislocations, thereby allowing compar-
ison of study findings [15,24].

All data collection measurements were performed by a single re-
searcher using the operated knee to prevent inter-rater variability. An
electronic goniometer (Biometrics, Model SG150, Biometrics, Gwent,
UK) was used to determine knee joint angle. Tests were performed
with the participant positioned supine. Four pre-determined ‘target’
angles were chosen for each knee at random. For the left knee these
were 10°, 30°, 60° and 80°, and 15°, 30°, 50° and 75° for the right
knee. The order of the pre-defined angles assessed was randomised
using a concealed allocation method of sealed envelopes to prevent an
order effect from occurring [21]. For interpretation, angles 10° and 15°
were categorised inner range, 50° and 60° mid-range and angles 75°
and 80° were termed outer range [25].

All tests were commenced from 0° knee flexion. A passive angle
reproduction test method was used to assess joint position sense.
Thus, the participant's knee was passively positioned in one of the
pre-determined target angles as measured using the electronic goni-
ometer. This was held for 5 s. The knee was returned to 0° flexion and
then participants were asked to close their eyes to prevent them from
being able to see the position of their knees. After a one second delay,
the researcher passively flexed the knee slowly, and the participant
was asked to indicate when they thought that the target angle had
been reached. Fig. 1 demonstrates the hand-placement and assessors
position for this test. The angle of knee flexion when the participants



Fig. 1. Assessor's position and handling for the passive angle reproduction test.
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reported that the target angle had been reached was recorded. The in-
accuracy of JPS was recorded as the difference between the perceived
angle and target angle of flexion to determine the Actual Angular
Error (AAE). After each measurement the knee is returned to 0°
flexion for a 10 second period. This was repeated for each of the
pre-determined target angles for the operated knee. None of the par-
ticipants reported patellar instability symptoms during pre-operative
JPS testing.

Secondary outcomes included the Kujala Patellofemoral Disorder
Score [26] and the International Knee Documentation Committee
subjective knee evaluation form (IKDC) [27] to assess participant's
perceptions of their patellar function. Both have been shown to be
reliable and valid in this population [28]. Other secondary measures
included: pain as measured by a 10 cm visual analogue scale (VAS);
knee joint range of movement measured using a standard goniome-
ter; sporting participation reported by the participant; frequency of
recurrent patellar dislocation; and knee extensor muscle strength of
the operated knee at 0°, 40°, and 80° knee flexion assessed using a
hand-held dynamometer (Basic Force Gauge, Mecmesin, Slinfold,
West Sussex, UK). All muscle strength assessments were made with
the participant's arms positioned across their body, seated on the
edge of an elevated plinth, and feet raised above the ground. Each
was given verbal encouragement to push as hard as possible through
the dynamometer during a five second test. The dynamometer was
held by the assessor who applied counter resistance during the test-
ing procedure. One test was taken for each knee flexion position.
The maximum force generated was recorded for each knee angle.

2.6. Follow-up period

On the participant's in-patient admission prior to surgery, baseline
pre-operative characteristics were collected. These data included:
gender, age, Beighton hypermobility score [29], duration of knee
instability, other joint disability of the operated leg, contralateral
knee instability, disability of the contralateral leg; multi-joint
dysfunction, knee extensor muscle strength at 0°, 40°, and 80° knee
flexion as assessed using a hand-held dynamometer, VAS pain, and
knee range of movement were collected. In addition, the angle joint
reproduction test, the Kujala and IKDC scores were also assessed.

Participants were then reviewed at 6 weeks, 3 months and
12 month follow-up appointments where they completed a Kujala,
IKDC score forms, and a pain VAS, and the angle reproduction test
was performed. The participant's operated knee range of movement
was assessed manually using a goniometer, and knee extensor muscle
strength at 0°, 40°, and 80° flexion was assessed using the hand-held
dynamometer. Each participant was also asked whether they had
experienced a recurrent patellar dislocation at each follow-up ap-
pointment. The follow-up time periods were selected to allow for
changes during participant's rehabilitation to be detected, whilst not
assessing them too frequently to avoid the development of a learnt
effect for the JPS measurement technique [15].
2.7. Data analysis

The normality of each outcome from the dataset was determined
using the Shapiro–Wilks statistic. This was reported as pb0.05,
supporting the use of parametric analyses.

The objective of this study was to determine whether knee JPS al-
tered following MPFL reconstruction. Accordingly, the AAE for each
angle measured from baseline, to 6 weeks, 3 months and 12 month
intervals was determined through the mean difference and standard
deviation (SD) values for each time-point. The within-group statisti-
cal difference for these time-periods was determined using a paired
student T-test with 95% confidence intervals (CI).

An assessment of the clinical outcomes following MPFL recon-
struction was also determined descriptively by assessing the mean
and standard deviation values for the Kujala, IKDC score forms, pain
VAS, operated knee range of movement and isometric knee extensor
muscle strength at 0°, 40°, and 80° knee flexion. The within-group dif-
ferences in these outcomes over the follow-up period were assessed
using a paired student T-test with 95% CIs.

Throughout the analyses, pb0.05 was considered a statistically
significant difference. All analyses were undertaken using STATA
version 11.0 (STATA, StataCorp LP, Texas, USA).

3. Results

A total of 30 people were recruited and entered into the study from May 2008 to
January 2011. All underwent an uneventful MPFL reconstruction and commenced
post-operative rehabilitation. During the follow-up period, three participants were
lost to follow-up at the 6 week assessment, 9 at 3 months, and 9 at 12 months. The
study flow is presented as Fig. 2.

3.1. Demographics

A summary of the baseline characteristics for the 30 participants is presented in
Table 1. This indicates that the mean age of the 16 males and 14 females was
23 years (SD=6.4). Mean duration from first-time patellar dislocation to surgery
was 95 months (SD=82). The mean Beighton score was 3, indicating a low incidence
of joint hypermobility within the cohort. Nine participants (30%) demonstrated a
Beighton score≥6 indicating clinically meaningful signs of joint hypermobility [36].
Eleven participants (37%) reported current contralateral patellofemoral instability
symptoms at the time of surgery. The pre-operative IKDC and Kujala scores indicated
that the cohort were functionally limited at the time of their operation, whilst
reporting mild pain symptoms with a mean VAS score of 32 out of 100.
Pre-operatively 14 participants (47%) reported being non-sporting, seven (23%) some-
times participated in recreational sports, seven (23%) considered that they were
well-trained and frequently participated in sports, whilst two participants (7%) consid-
ered themselves as highly competitive sports-people.

3.2. Joint position sense measurements

Baseline JPS measurements indicated that the cohort presented with some angle
reproduction error compared to the target angle with a mean AAE value of 2.2°
(inner range) to 3.9° (mid-range; Table 2), which was not a clinically significant
difference.

There was no statistically significant difference between the baseline-and-6 week,
6 week-and-3 month or baseline-and-12 month AAE values (p=0.38 to 1.00; Table 3).
The only statistically significant change in JPS occurred from 3 months-to-12 months
for the mid-range assessment (p=0.02; 95% CI: −4.20 to −0.47). However as
Table 3 demonstrates, this difference was only by 1.9° thereby not clinically significant.
As Table 3 demonstrates, there was no clinically important change in JPS between the
follow-up appointments with the exception of outer-range JPS from 3-to-12 months
and the 30° and outer-range measurements between the baseline-to-12 month mea-
surement where the mean difference ranged from 5.0 (SD=5.3) to 7.4 (SD=15.4;
Table 3).



All Medial Patellofemoral Ligament Reconstruction Patients from the participating
institution (n=31)  

Eligible subjects according to the
selection criteria (n=31)  
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provide consent (n=1)  
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 protocol(n=30) 
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Fig. 2. Study flow-chart.
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3.3. Clinical outcomes

Tables 4 and 5 show that there was a significant improvement in clinical and func-
tional outcomes 3 months after surgery compared to earlier. Whilst there was a statis-
tically significantly greater extension lag at 6 weeks compared to baseline (p=0.02;
95% CI: 0.33, 3.84) this was clinically not significant, with a difference of 1.7°. There
was however a statistically significant difference in isometric knee extension strength
at 80° knee flexion with a difference of 20 N (p=0.01; 95% CI: −38.73, −10.97). For
all other outcomes, there was no statistically significant difference during the initial
6 weeks. There was however a statistically significant improvement in functional
outcomes between 6 weeks and 3 months as assessed by Kujala score (p=0.01; 95%
CI: −15.17, −2.83). Whilst there was also a statistically significant increase in isomet-
ric knee extension strength at 0° (p=0.01; 95% CI: −23.20, −9.71).
Table 1
Baseline cohort demographics.

Characteristic

N 30
Mean age in years (SD) 23.1 (6.4)
Gender (male/female) 16/14
Operated limb (left/right) 16/14
Mean Beighton score (SD) 2.9 (3.5)
Duration since first-time patellar dislocation in months (SD) 94.7 (81.9)
Contralateral PFI (%) 11.0 (36.7)
Ipsilateral limb MSK pathology (%) 1.0 (3.3)

MSK — musculoskeletal; PFI — patellofemoral instability; SD — standard deviation.
Themost significant changes occurred from 3-to-12 months with a statistically sig-
nificant improvement in functional outcomes in Kujala score, IKDC score and reduced
pain measurements (pb0.01; Table 5), and a statistically significant increase in isomet-
ric muscle strength for all measurements. Similarly, when compared to pre-operative
levels, the cohort reported a statistically significant difference with greater functional
and clinical outcomes at 12 months (pb0.01; Table 5). Only knee range of motion re-
mains a non-statistically significant change between 3-to-12 months and baseline-
to-12 months. However, as Table 4 indicated, the mean values for this were originally
−0.3° to 141°.

In relation to sporting participation, participants either remained at a similar
perceived level of sporting engagement, or had an increased perception at 1 year
post-operation. Of those who classified themselves as ‘non-sporting’, 10 (71%)
remained the same when asked at 1 year post-operation. One person reported at
12 months that they sometimes participated in sport, whilst two post-operatively con-
sidered that they were well-trained and frequently participated in sports compared to
Table 2
Mean angle reproduction error (°) at inner, mid, outer-range and 30° knee flexion fol-
lowing MPFL reconstruction.

Actual angular error (°)

Inner-range 30° Mid-range Outer-range

Baseline 2.2 (2.1) 3.4 (3.0) 3.9 (3.6) 3.6 (3.5)
6 weeks 2.2 (1.9) 2.7 (2.8) 3.0 (2.8) 3.4 (3.1)
3 months 2.0 (1.8) 2.8 (2.8) 2.7 (3.3) 3.4 (3.4)
12 months 2.0 (2.5) 4.1 (6.2) 3.1 (3.2) 6.7 (6.7)

image of Fig.�2


Table 3
Mean and statistical difference in angle reproduction error (°) at inner, mid, outer-range and 30° knee flexion following MPFL reconstruction during initial first post-operative year.

Follow-up period Actual angular error

Inner-range 30° Mid-range Outer-range

Mean p-Value (95% CI) Mean p-Value (95% CI) Mean p-Value (95% CI) Mean p-Value (95% CI)

Baseline to 6 weeks 2.0 0.57 (−1.54,0.87) 3.3 0.48 (−1.11,2.27) 2.5 0.74 (−1.47,2.05) 2.5 0.50 (−0.92,1.83)
6 weeks to 3 months 1.5 1.00 (−0.96,0.96) 2.2 0.74 (−1.61,1.17) 2.9 0.41 (−1.15,2.70) 3.3 0.64 (−1.13,1.80)
3 months to 12 months 1.6 0.84 (−1.25,1.52) 2.6 0.29 (−4.88,1.55) 1.9 0.02 (−4.20,−0.47) 6.6 0.14 (−16.64,2.64)
Baseline to 12 months 2.6 0.80 (−1.49,1.92) 5.0 0.60 (−4.42,2.62) 4.0 0.78 (−2.67,3.52) 7.4 0.38 (−11.57,4.62)

CI — confidence intervals.

Table 4
Table presenting clinical outcomes (mean/standard deviation).

Outcomes Baseline 6 weeks 3 months 12 months

IKDC 52.7 (19.5) 50.1 (19.7) 56.6 (21.2) 77.7 (24.1)
VAS pain 32.2 (25.8) 27.2 (25.0) 25.3 (22.7) 16.3 (23.6)
Kujala score 65.3 (17.6) 65.4 (16.9) 71.0 (18.7) 84.1 (20.6)
Knee extension ROM −0.3 (1.8) −2.5 (5.3) 0.0 (0.0) 0 (0.0)
Knee flexion ROM 140.7 (13.3) 139.8 (15.6) 141.0 (11.9) 140.4 (14.8)
Isometric 0° knee
extension strength (N)

32.1 (14.6) 30.1 (14.4) 44.2 (20.6) 57.9 (24.6)

Isometric 40° knee
extension strength (N)

44.5 (28.6) 50.3 (28.7) 63.2 (41.4) 85.2 (38.8)

Isometric 80° knee
extension strength (N)

60.1 (47.0) 69.1 (33.3) 88.3 (48.7) 101.0 (49.4)

Recurrent dislocation (%) – 1 (3.3) 0 (0.0) 0 (0.0)

IKDC — International Knee Documentation Committee form; N — Newtons; ROM —

range of motion; VAS — visual analogue scale.
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being non-sporting pre-operatively. Of those who pre-operatively considered that they
‘sometimes participated in sports’, this remained the same for six participants (86%)
but perceived sporting engagement decreased for one participant (14%) who, at
1 year post-operatively, perceived herself as ‘non-sporting’. Similarly, one participant
who considered that she was ‘well-trained and frequently participated in sports’
reduced her perception of her sporting engagement to only ‘sometimes sporting’.
However, both these participants were still attending physiotherapy at the 1 year
follow-up assessment. In the ‘well trained frequently sporting’ group, three partici-
pants (43%) remained at the same sporting engagement, and two participants reported
that they had greater sporting engagement, considering themselves as highly compet-
itive sports people (29%). In those who pre-operatively considered themselves as high-
ly competitive sports people, both these participants reported the same perceived level
of participation at 1 year post-operatively. Sports which participants specifically
reported returning to at 1 year post-MPFL reconstruction included soccer (n=5),
rugby (n=2), cricket (n=2), netball (n=1) and cycling (n=1).

One participant experienced a recurrent patellar dislocation post-operatively. This
18 year-old participant's Beighton score was 9. She experienced this recurrent disloca-
tion 4 weeks post-operatively.

4. Discussion

The findings of this study indicate that following recurrent patellar
dislocation there is minimal deficit in JPS, and that this is maintained
during the first year following MPFL reconstruction. There is also a
significant improvement in functional outcomes, pain and isometric
Table 5
Within-group difference in clinical outcome during initial first post-operative year.

Outcomes Within-group differences (p-value; 9

Baseline–6 weeks 6 wee

IKDC 0.66 (−5.70,8.87) 0.10 (
VAS pain 0.22 (−4.02,16.39) 0.63 (
Kujala score 0.68 (5.87,3.87) 0.01 (
Knee extension ROM 0.02 (0.33,3.84) 0.08 (
Knee flexion ROM 0.85 (−9.51,7.93) 0.78 (
Isometric 0° knee extension strength (N) 0.62 (−7.86,4.78) 0.01 (
Isometric 40° knee extension strength (N) 0.06 (−24.98,0.79) 0.12 (
Isometric 80° knee extension strength (N) b0.01 (−38.73,10.97) 0.12 (

CI — confidence intervals; IKDC — International Knee Documentation Committee form; N —
knee extension strength at 12 months followingMPFL reconstruction.
These findings are contrary to the Jerosch and Prymka's [16] study
which is the only previous trial which has assessed JPS in this popula-
tion. They assessed 30 healthy participants compared to nine people
with recurrent patellar dislocation, finding an angle deviation of
12.4° as opposed to the highest value of 6.7° in our cohort
pre-operatively (Table 2). Whilst both cohorts recruited people who
had experienced recurrent patellar dislocation, Jerosch and Prymka's
[16] cohort were described as being “post-traumatic”. However the
duration between last dislocation and assessment was not clearly de-
scribed, along with whether participants presented with joint swell-
ing or damage to other structures. None of the participants in the
current study presented with an ‘acute’ dislocation event and associ-
ated soft-tissue swelling or acute inflammatory response. Propriocep-
tion may have been reduced due to surrounding soft tissue injury to
the infra-patellar synovial bursa, medial retinaculum, vastus medialis
and joint capsule [30]. Furthermore, our cohort reported only mild
pain at baseline (Table 1). However, if Jerosch and Prymka's [16] co-
hort had recently experienced a patellar dislocation, then they may
have presented with higher pain scores. Pain can cause the abnormal
discharge of small-diameter groups III and IV (pain) and large-
diameter group II (proprioceptive) afferent nerve signals which can
attribute abnormal JPS and abnormal muscle spindle activity [31].
This may have accounted for the difference between the studies.

A potential weakness in this study may be measurement error.
The passive joint reproduction method adopted has not been
assessed for its reliability or validity with this population. This meth-
od of assessing JPS possesses good intra-rater reliability (Spearman's
Correlation Coefficient r=0.80) in cohorts of healthy participants
[32]. Previous studies assessing angle reproduction in healthy con-
trols have suggested that asymptomatic populations typically report
mean deviations of 0.8 to 3.9 from the target angle [12,33]. Therefore
the majority of the differences presented in our cohort of 2.0 to 3.9
(Table 2) are not different from healthy participants, but demonstrate
the natural variability in measurement error for this technique.
Therefore, measurement error as opposed to clinical difference may
account for the small errors in angle reproduction from the target
angle for each of the JPS measurements during the initial 12
post-operative months (Table 3). However, whilst other methods of
measuring proprioception such as active reproduction methods,
5% CI)

ks–3 months 3 months–12 months Baseline–12 months

−20.54,1.95) b0.01 (−30.67,−13.88) b0.01 (−34.91,−21.81)
−8.68,14.05) 0.01 (2.66,17.71) b0.01 (12.15,24.62)
−15.17,−2.83) 0.04 (0.47,15.36) b0.01 (−27.99,−15.01)
−3.38,0.23) 1.00 (1.00,1.00) 1.00 (1.00,1.00)
−5.56,7.24) 0.52 (−1.54,6.07) 0.25 (−9.56,2.71)
−23.20,−9.71) b0.01 (−77.58,−21.36) b0.01 (−38.20,−17.13)
−27.05,3.50) 0.04 (−48.24,−1.65) b0.01 (−69.19,−33.27)
−33.43,4.22) 0.02 (6.01,46.86) b0.01 (−84.22,−35.86)

Newtons; ROM — range of motion; VAS — visual analogue scale.
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stabiliometry and threshold detection measurements may have
shown a difference, these methods have yet to demonstrate greater
reliability than the chosen method in this study [18]. Further investi-
gation on the validity and reliability of stabiliometry and other
methods to assess joint awareness, balance and JPS should be
undertaken.

The methods to assess JPS of the knee are knee-specific and not
patellofemoral joint-specific. Therefore one reason for the non-
significant findings in this study's results may be that the measure-
ment of JPS of knee flexion does not actually measuring propriocep-
tion for patellofemoral joint. Further study to explore the properties
of different knee proprioceptive measurements, and specifically the
assessment of patellofemoral joint JPS is therefore warranted. Until
then, the findings of investigations on patellofemoral joint JPS should
be interpreted with caution.

The passive reproduction test method of assessing JPS was
performed in non-weight bearing. This was justified to permit the
comparison of this study's findings to the previous literature which
has also used this method. However, previous work has indicated
that the patellar instability is most commonly perceived in
weight-bearing positions [1]. It therefore remains unknown whether
the JPS findings would be similar if the tests were performed in
weight bearing.

Whilst all participants in this cohort received post-operative phys-
iotherapy, none were provided with proprioceptive-specific exercise
training. Proprioceptive exercises are not routinely prescribed in the
rehabilitation of patients following MPFL reconstruction [34], but
are following first-time patellar dislocation [35]. However, more
recently the use of proximal lower limb neuromuscular control
exercises has been advocated following MPFL reconstruction
[36,37]. These are based on the assumption that both populations
present with proprioceptive deficits. The findings of this study
suggest that this assumption may be incorrect and that there may
be little proprioceptive deficit in knees pre-operatively as well as
post-MPFL reconstruction. Whether these findings are typical of
those following recent, or more acute patellar dislocation, remains
unclear.

A significant deficit of proprioceptive capability in cohorts has
been reported in people with anterior knee pain [14,38]. However,
these studies have reported reproduction angle measurements of
less than 3.0°. Furthermore, a recent study by Naseri and Pourkazemi
[39] reported no statistically significant difference in JPS between ath-
letes with anterior knee pain and those without this disorder. Accord-
ingly, there remains inconclusive evidence to determine whether
pain arising from the patellofemoral joint impacts on knee JPS.

Finally, none of the participants in this study presented with sig-
nificant trochlear dysplasia. This morphological feature has a signifi-
cant impact on normal patellar tracking [40]. Trochlear dysplasia
can influence both medial and lateral soft-tissue length and tension
by predisposing lateral tracking [40]. Therefore the surrounding
soft-tissues may exhibit abnormal JPS through abnormal muscle
spindle activity. Individuals with significant trochlear dysplasia may
present with recurrent patellar dislocation from childhood, as a
developmental feature [41]. Therefore it remains unclear whether
JPS differs between those with or without morphological features
(such as significant trochlear dysplasia) who experience patellar
dislocation.
5. Conclusions

Following recurrent patellar dislocation patients exhibit minimal
deficits in joint position sense as measured by actual angular error.
Medial patellofemoral ligament reconstruction significantly im-
proved clinical and functional outcomes for these patients without al-
tering the Joint Position Sense in the first post-operative year.
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