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Abstract
Purpose The purpose of this study was to determine the utilization and responsiveness of common patient-reported outcomes 
(PROs) in patients undergoing surgery for patellar instability.
Methods Using PRISMA guidelines, a systematic review of studies reporting outcomes following surgical intervention 
for patellar instability was conducted using Pubmed, Cochrane, OVID Medline, and Google Scholar. Subgroup analysis of 
articles reporting at least two PROs with baseline and follow-up data were used to evaluate responsiveness of instruments 
using relative efficiency and effect size.
Results From the search, 2,848 unique articles were found, of which 178 were included in final analysis (7,122 patients, 
mean age 22.6, 63.6% female). The most commonly used PRO was the Kujala score (79.2%), followed by the Lysholm 
(34.8%), and Tegner (30.9%). Seventy-nine articles were eligible for subgroup analysis. The Kujala had a higher relative 
efficiency than ten of the 14 instruments to which it was compared but had lower relative efficiency compared to the IKDC 
and Lysholm scores. The Banff Patella Instability Instrument (BPII) and the Norwich score, condition-specific tools, were 
unable to be fully assessed due to rarity of use and lack of comparisons.
Conclusion The hypothesis that the Kujala score is the most commonly used PRO for patellar instability, although other 
instruments offer greater efficiency was supported by our results. The IKDC and Lysholm scores had similar effect sizes but 
higher relative efficiencies than the Kujala, thus suggesting better responsiveness. This analysis adds useful information for 
surgeons on the effectiveness of the most common PRO’s for evaluating patellofemoral instability outcomes.
Level of evidence Level III.
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Introduction

Patellar dislocation is a common knee injury with incidences 
ranging from 5.8 per 100,000 in the general population to 33 
per 100,000 in adolescent females [10]. Research on patel-
lar instability surgical outcomes is an emerging domain, yet 

clinical outcomes data remains relatively inconsistent [24]. 
There is no consensus on objective clinical data and patient-
reported outcome Measures (PROs) reporting after patellar 
instability procedures. While first time patellar dislocations 
are traditionally treated nonoperatively, recent debate sup-
ports potential early surgical intervention if the recurrent 
instability of the patella score risk criteria are met. [12, 27] 
Because young, active patients are at significantly higher 
risk for repeat dislocation [10], effective outcomes reporting 
are necessary to determine the benefit of surgical treatment.

Variability in reporting methodology in the literature 
and lack of objective responsiveness data among available 
PRO instruments leads to difficulty reaching consensus 
guidelines. Responsiveness refers to an instruments ability 
to detect change over time given an intervention [2, 8, 25]. 
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To be useful, it is critical that an instrument be responsive 
in the range of outcomes in which clinically significant 
changes are likely to occur [17]. A more responsive PRO 
would thus be able to detect more differences in patient 
outcome from a pre-intervention to post-intervention state. 
The purpose of this systematic review was to evaluate the 
variability in outcomes reported after patellar instability 
procedures and compare the responsiveness of commonly 
used PRO instruments. It was hypothesized that Kujala 
score, a common general knee outcome score [7] would be 
the most common instrument used, however, it would be 
less responsive than condition specific tools. Such infor-
mation on the effectiveness of the most common PRO’s 
used for patellofemoral outcomes would be useful for sur-
geons in determining the optimal method to evaluate post-
treatment pain, function, and satisfaction.

Materials and methods

A comprehensive literature review was performed in 
searchable database listings (PubMed, Cochrane, OVID 
Medline, and Google Scholar) using the Preferred Report-
ing Items for Systematic Reviews and Meta-analyses 
(PRISMA) guidelines to identify all articles pertaining 
to patellar instability. Articles were identified using the 
keywords: medial patellofemoral ligament, medial patel-
lofemoral ligament reconstruction, MPFL, medial patel-
lofemoral complex, tibial tubercle osteotomy, Fulkerson, 
Elmslie Trillat, Maquet. Cross-referencing was performed 
to identify any potentially missed articles. Inclusion cri-
teria were English-language publication, any study with 
subjective or objective clinical outcomes after patellar 
instability surgery and standard deviation or standard 
error measurements for the respective PROs. Exclusion 
criteria included basic science or cadaveric studies, review 
articles, meta-analyses, case reports, and editorials, stud-
ies focusing primarily on imaging without clinical cor-
relations, and studies focusing on diagnostic or screening 
techniques.

Several metrics were collected for all studies meeting 
the inclusion criteria. Basic study descriptors included 
year and journal of publication, level of evidence, number 
of patients, number of knees studied, patient demograph-
ics, and mean follow-up. Outcomes recorded included 
revision rate and other complications. Articles reporting 
at least two PROs at a minimum of 1-year follow-up were 
included in responsiveness calculations. For this, pre- and 
post-operative means and standard deviations of PROs 
were recorded. Requiring at least two PROs per manu-
script allowed for relative efficiency comparisons to be 
made.

Quality assessment

Each article was assigned a level of evidence based on 
the Oxford Centre for Evidence-Based Medicine [11]. 
The Methodological Index for Nonrandomized Studies 
(MINORS) tool was used to evaluate the quality of the 
included non-randomized studies studies [28]. The MINORS 
tool uses 12 factors rated on a scale of 0 (not reported), 
1 (reported but inadequate), or 2 (reported and adequate) 
to evaluate study quality. The randomized studies included 
were evaluated using the Modified Coleman Methodology 
score [6].

Included studies were independently assessed by four 
authors (JM, AZ, LB, and BP), and any disagreements were 
resolved by arbitration and consensus.

Statistical analysis

The responsiveness was compared between PRO instruments 
by calculating effect sizes, standardized response means, and 
the relative efficiency of each outcome tool as previously 
described [20, 21, 25]. Effect size is a measure of the mag-
nitude of the pre- to post-operative change accounting for 
the variability of a given PRO instrument. Effect sizes are 
defined as small if they fall between 0.2 and 0.49, moderate 
if between 0.5 and 0.79, and large if above 0.8 [5, 9]. We 
then calculated the relative efficiency (RE) to directly com-
pare the responsiveness between two different PROs instru-
ments that were used within the same patient population. 
When comparing two PRO tools, a relative efficiency value 
less than one indicates that the first PRO tool is less respon-
sive than the other tool [21, 25]. In the current analysis, rela-
tive efficiency values less than 0.80 were defined as being 
indicative of poorer responsiveness, values between 0.80 and 
1.20 were indicative of equal responsiveness between tools, 
and values greater than 1.20 were defined as being indica-
tive of greater responsiveness. To avoid misinterpretation 
due to small sample sizes, we did not include PRO tools 
in the responsiveness analyses if the tool appeared in only 
one article.

Results

We identified 177 studies that met our inclusion/exclusion 
criteria with a total of 7,176 patients (6,513 knees at final 
analysis, mean age = 22.7 years (Fig. 1). The mean number 
of knees per article was 37 (range, 5–298 knees), and the 
mean follow-up was 48.9 months (range, 6–300 months) 
(Table 1). The most common procedure used was MPFL 
reconstruction (130 studies, 5,881 procedures). Other 
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common procedures included tibial tubercle osteotomy (19 
studies, 509 procedures), lateral release (16 studies, 332 pro-
cedures), and Elmslie-Trillat (12 studies, 350 procedures). 
Non-operative treatment was reported in 4 studies for 118 
knees (Table 2). The mean level of evidence was 3.3, with 
48 of 177 (27.1%) classified as level 1 or 2 evidence. The 
mean minors score was 12/24 and the mean Coleman score 
for the randomized studies was 53/65 (Table 1).

Radiographic measures were reported in 126 of 177 stud-
ies (71.2%) (Table 1). The TT-TG distance (78/126), patellar 
tilt (54/126), sulcus angle (48/126), and congruence angle 
(48/126) were the most common measures, while fewer 
studies reported the Caton-Deschamp index (41/126) and 

Fig. 1  PRISMA diagram Records a�er duplicates removed 
(n=2,849) 

Titles screened 
(n=2,849) 

Titles excluded 
(n=2,423) 

Abstracts screened  
(n=426) 

Abstracts excluded 
(n=201) 

Manuscripts screened 
(n=225) 

Full-text arcles excluded, with 
reasons (n=48) 
Did not report means (n=23), 
Did not report raw PRO values 
(n=13), not relevant or incomplete 
study (n=5), case reports (3), not 
English (n=3), used duplicate 
cohort in previous study (n=1) 

Studies included in quantave 
synthesis 
(n=177) 

Table 1  Summative data of the 
included studies

Study characteristics Results (range) Studies reporting (%)

Mean no. of patients 41 (5–298) 177 (100)
Mean no. of knees 37 (5–298) 177 (100)
Mean percent of males 32.4 (0–90.9) 171 (96.6)
Mean age, yr 22.7 (8–74) 170 (96.0)
Mean follow-up, mo 48.9 (6–300) 158 (89.2)
Mean MINORS score of non-randomized studies 11.6 (6–24) 169 (–)
Mean Coleman score of randomized studies 53.3 8 (–)
Reported radiographic measures – 126 (71.2)
Reported revision surgery – 129 (72.8)

Table 2  Common procedure breakdown

Procedure Number of studies Number of 
procedures

MPFL reconstruction 130 5881
Tibial tubercle osteotomy 19 509
Lateral release 16 332
Elmslie-Trillat 12 350
Trochleoplasty 7 172
MPFL repair 7 125
Fulkerson 6 148
Non-operative 4 118
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Insall-Salvetti index (38/126). Reoperation was reported in 
129 articles (72.9%). PROs were reported in all articles and 
54 different PRO instruments were identified. The mean 
number of PROs per article was 2.76 (range, 1–14), and 125 
of 177 (70.6%) used 2 or more PROs. The most commonly 
used PRO was the Kujala (n = 142 studies), followed by the 
Lysholm (n = 62), Tegner (n = 55), International Knee Docu-
mentation Committee (IKDC, n = 38), and visual analogue 
scale (VAS, n = 24). Other commonly used PRO instruments 
included the Knee Injury and Osteoarthritis Outcome Score-
Quality of Life (KOOS-QOL, n = 15), KOOS-Pain Score 
(KOOS-PS, n = 14), KOOS-Symptoms (KOOS-Sx, n = 14), 
KOOS-Activities of Daily Living (KOOS-ADL, n = 13), 
KOOS-Sport (n = 13), Fulkerson (n = 9), and Short Form-
12 Physical Component Score (SF-12 PCS, n = 4).

From the full set of 177 articles, we identified a subset of 
80 articles that met the inclusion criteria for responsiveness 
analyses. The highest effect size was attained by the Banff 
Patellar Instability Instrument (BPII) (Table 3). The Kujala 
had a relative efficiency greater than 10 of the 14 instru-
ments to which it was compared but had lower RE compared 
to the IKDC and Lysholm scores (Table 4).

Discussion

The principal finding of this study is data collection and out-
comes reporting are highly variable in the patellar instabil-
ity literature. More than 50 different PRO instruments were 
used. The most common instrument used was the Kujala, 

while the most responsive instrument analyzed was the Cin-
cinnati knee score, and the score with the highest RE was 
the Lysholm. Our findings of high variability in the patellar 
instability literature consisting of multiple PRO instruments 
of different responsiveness highlights the challenges in com-
paring outcomes between studies.

This finding is not unique to patellar instability studies, 
as variable outcomes reporting was previously identified in 
rotator cuff, shoulder instability, anterior cruciate ligament, 
and hip arthroscopy literature [16, 22, 23, 32]. More than 
20 PROs were reported after hip arthroscopy procedures 
[32], 16 different PROs were used after rotator cuff proce-
dures [16], and 16 were found in ACL outcomes literature 
[23]. Consistent reporting is especially important for patellar 
instability because patients are usually young, active, and 
have the potential to lose significant function if not managed 
properly [10].

Pooled data from multiple studies are an effective strat-
egy to identify subsets of patients who may be at risk for 
inferior outcomes; however, the variability in outcomes 
measured and the specificity of the common scores used 
limits our ability to do so. For example, many studies did 
not report pre-operative PRO scores, standard deviations, or 
routine radiographic findings. A number of studies also did 
not report important information such as follow-up time or 
mean age. Revision rates were also reported only approxi-
mately 75% of the time, which limits the assessment of the 
survivorship of any procedures in question.

The majority of articles in the current review (80%) 
used the Kujala score, which evaluates symptoms related to 

Table 3  PROs included in 
subgroup analysis and effect 
size

IKDC International Knee Documentation Committee Subjective Knee Form; VAS Visual Analogue Scale; 
KOOS Knee Injury and Osteoarthritis Outcome Score; ADL Activities of Daily Life; SF-12 12-Item Short 
Form Survey Physical Component Summary; NRS Numeric Rating System

PRO Number of 
studies

Total number of 
patients

Preoperative 
mean

Postoperative 
mean

Effect size

Kujala 74 3076 56.9 85.8 1.7
Lysholm 38 1609 53.5 88.0 2.4
IKDC 18 1089 50.4 81.5 1.9
Tegner 20 900 4.0 4.9 0.5
VAS 12 451 4.8 3.4 0.6
KOOS-QOL 5 285 34.9 64.7 1.1
KOOS-PS 5 285 55.8 63.9 0.3
KOOS-SX 5 229 62.3 78.1 0.7
KOOS-ADL 4 213 70.0 85.9 0.6
KOOS-Sport 4 213 35.2 61.9 0.8
BPII 4 724 26.6 67.1 2.9
Cincinnati 3 111 51.1 90.2 2.3
Fulkerson 3 107 52.1 86.5 1.7
SF-12 Physical 2 66 44.3 60.8 1.4
NRS rest 2 212 2.2 1.6 0.3
NRS activity 2 212 3.2 3.6 0.2
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Table 4  Relative efficiency of individual comparisons of PROs (val-
ues > 1 indicate that PRO in left column has greater relative efficiency 
compared to PRO in top row; values < 1 indicate that PRO in left col-

umn has lesser relative efficiency than PRO in top row; “—" indicates 
that PROs were unable to be compared as they were not used together 
in any studies analyzed)

Kuj T L I V KQ KP KSx KA KSp F SFP Nr Na C

Kuj 0.3 1.5 1.3 0.4 1.0 0.1 0.6 0.5 0.8 0.7 1.3 0.1 0.0 0.7

T 2.9 8.6 11.9 --- --- --- --- --- --- --- --- --- --- ---

L 0.7 0.1 0.8 0.2 --- --- --- --- --- 1 1.1 --- --- ---

I 0.8 0.1 1.2 0.3 --- --- --- --- --- --- --- --- --- ---

V 2.8 --- 4.8 3.0 --- --- 1.0 --- --- --- --- --- --- ---

KQ 1.0 --- --- --- --- 0.1 0.6 0.5 0.8 --- --- --- --- ---

KP 16.1 --- --- --- --- 17.6 0.9 0.8 0.9 --- --- --- --- ---

KSx

1.7 --- --- --- 1.0 1.7 1.1 0.9 1.3 --- --- --- --- ---

KA 1.9 --- --- --- --- 1.9 1.2 1.1 1.5 --- --- --- --- ---

KSp 1.3 --- --- --- --- 1.3 1.2 0.8 0.7 --- --- --- --- ---

F 1.5 --- 1.0 --- --- --- --- --- --- --- --- --- --- ---

SFP 0.8 --- 1.0 --- --- --- --- --- --- --- --- --- --- ---

Nr 13.5 --- --- --- --- --- --- --- --- --- --- --- 0.5 ---

Na 28.9 --- --- --- --- --- --- --- --- --- --- --- 2.1 ---

C 1.4 --- --- --- --- --- --- --- --- --- --- --- --- ---

Kuj Kujala; T Tegner; L Lysholm; I International Knee Documentation Committee; V Visual Analogue Scale; KQ KOOS QOL; KP KOOS pain; 
KA KOOS ADL; KSp KOOS Sport; F Fulkerson; SFP Short Form–12 Physical Component Score; Nr numerical rating scale rest; Na numerical 
rating scale activity; C Cincinnati
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patellofemoral disorders but focuses on anterior knee pain 
[18]. Though the instrument was initially developed, as a 
valuable tool for assessing outcomes related to anterior knee 
pain, only 1 of its 13 questions directly addresses symp-
toms of patellar instability [18]. The adaptation of the PRO 
instrument to evaluate patellar instability, which is associ-
ated with pain but is not often the principle complaint, limits 
its effectiveness when compared to instruments specifically 
developed to measure patellar instability outcomes.

When assessing patients with patellar instability, multiple 
common knee PROs, such as the Kujala, IKDC, Lysholm, 
and Fulkerson, have demonstrated significant ceiling effects 
[4, 7, 15, 26]. Ceiling effects are especially important to 
consider in the young population who have recurrent patellar 
instability because they have the potential for large improve-
ments. In younger more active patients and athletes, baseline 
functional scores may be high which predisposes them to 
ceiling effects and an inability to achieve the minimal clini-
cally important difference. For example, a high functioning 
athlete who sustained a patellar dislocation and was unable 
to participate at an elite level prior to surgery, may have 
high functional scores on less sensitive outcomes measures 
and appear to derive little benefit following surgery despite 
a successful post-operative return to sport. This lack of sen-
sitivity is a ceiling effect and demonstrates why proper out-
comes measurements and return to activity questionnaires 
offer valuable insights into surgical effectiveness.

In addition to ceiling effects, the IKDC, Lysholm, and 
KOOS scores have been shown to not significantly increase 
after 6 months following ACL reconstruction [1]. A time-
line of maximal subjective outcome improvement shorter 
than the time expected to return to sport for most athletes 
demonstrates the limitation of these scales in detecting clini-
cally significant improvements in athletes. Though the Teg-
ner scales has not been associated with ceiling effects [3], 
its responsiveness was found to be particularly low in our 
analysis. This finding is likely due to the one-dimensional 
nature of the tool, as it only consists of one 10-point scale 
based on activity and large majority return to a high level of 
activity after MPFL reconstruction [33].

While comparisons were limited, the general health-
related instrument the SF-12 PCS was about as responsive 
as the knee-specific instruments studies. Such a finding 
demonstrates that while this general instrument does not 
fully assess the specific condition of the patient, it may be 
useful as a general outcome measure for this population. 
In contrast, pain scales, the VAS and NRS, were much less 
responsive than the SF-12 and knee-specific instruments.

Overall, the results of this review provide guidance as to 
which of the general knee and general health PRO instruments 
are the most responsive in the patellar dislocation population. 
The results also display the lack of use of instruments spe-
cifically designed to assess patellar dislocation outcomes: the 

BPII and the Norwich scales. The BPII is a quality of life 
score introduced in 2013 and modified in 2016 specifically to 
evaluate patellar instability [13, 14, 19]. Unlike other scales, 
such as the Kujala, IKDC, and Lysholm, ceiling effects have 
not been demonstrated in this instrument [14, 19]. The Nor-
wich Patellar Instability Score is a symptom score developed 
in 2014 [31]. While its use in the literature is limited thus far, 
its responsiveness is to comparable to the Lysholm score, and 
it has the advantage of being specifically validated in first-time 
dislocators [29] and without ceiling effects [30].

The reporting of outcomes after patellar instability was 
found to be highly variable, with more than 50 different 
PRO instruments used. As such, comparison across studies 
is currently difficult. Use of a standardized set of measures 
to assess outcomes after patellar dislocation would offer the 
potential to draw stronger conclusions from pooled data. On 
the basis of our comparative responsiveness results and pre-
viously reported properties of the different PRO instruments 
in a critical review by Hiemstra et al. [15] we recommend 
more common use of specific instruments such as the BPII 
and Norwich scores. While their rarity of use does not allow 
for a recommendation of widespread adoption at this juncture, 
their specificity of design [13, 14, 19, 31] offers an opportu-
nity to assess the outcomes of patellar instability patients more 
accurately. Future studies using these scores in tandem with 
other more common knee outcome scores would allow for an 
assessment of their ES and RE, thus moving toward a more 
universal system of measuring patellar instability outcomes. 
To judge the efficacy of surgical techniques addressing patellar 
instability, consistent and reliable outcome reporting is neces-
sary across studies.

Our study has the common limitations of systematic 
reviews. All procedures used to treat patellar instability were 
reviewed for the purposes of this study. The breadth of proce-
dures examined was not narrowed because the goal was not to 
judge treatment efficacy. Instead, we sought to identify which 
outcome measures were being reported and to assess their 
responsiveness. For the same reason, we did not specify patient 
demographics or age-ranges. Many articles were also excluded 
from the responsiveness analyses as only 73 of 151 articles 
reported pre- and post-operative means and SDs of at least 2 
PROs required for those calculations. While this limited our 
ability to perform a responsiveness analysis for all PROs, the 
criteria aimed to preserve the integrity of our study and limit 
small sample size effects. More widespread reporting of means 
and standard deviations would allow for better comparisons to 
be made between studies and tools.
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Conclusion

The results showed wide variability in the patellofemoral 
literature with regards to PRO use. The hypothesis that the 
Kujala score in the most commonly used PRO for patellar 
instability was supported by the data, although other instru-
ments offer greater efficiency. The BPII and the Norwich are 
patellar instability specific instruments but were only used 
in two studies and one study, respectively.
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