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Background: Open and fluoroscopic techniques have been described for localization of the femoral attachment site in medial
patellofemoral ligament (MPFL) reconstruction. No study to date has evaluated if one technique is superior to another in terms of
complications.

Purpose: To review the literature comparing clinical outcomes of MPFL reconstruction using the fluoroscopic versus open
technique to localize the site of femoral graft placement.

Study Design: Systematic review; Level of evidence, 4.

Methods: A systematic literature review was performed via PubMed, Embase, and CINAHL to identify articles published between
the inception of these databases and March 1, 2022, in accordance with the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines. This search yielded 4183 publications for initial review. Studies with at least a 2-year
follow-up and complete reporting of patient-reported outcomes, range of motion, recurrent instability, and/or complications (ie,
stiffness, infection, persistent pain) were included. We excluded studies of patients with collagen disorders; revision surgeries;
surgeries with concomitant procedures; synthetic MPFL reconstruction; MPFL repairs; combined open and radiographic
technique; and case series that included <10 patients. A proportional meta-analysis was performed by calculating the pooled
estimate of incidence with 95% CIs using a fixed-effects model with double arcsine transformation (Freeman-Tukey) for each type
of surgical technique (fluoroscopic or open).

Results: A total of 29 studies met our inclusion criteria, of which 15 studies (566 patients) used the open technique and 14 studies
(620 patients) used fluoroscopy. There were no significant differences between the open and fluoroscopic techniques in the
incidence of postoperative apprehension (P ¼ .4826), postoperative subjective instability (P ¼ .1095), postoperative objective
instability (P ¼ .5583), reoperations (P ¼ .7981), recurrent dislocation (P ¼ .6690), or arthrofibrosis (P ¼ .8118).

Conclusion: Both open and radiographic localization of the femoral graft position in MPFL reconstruction offer similar outcomes
and rates of complications.

Keywords: medial patellofemoral ligament reconstruction; instability; stiffness; femoral fixation

Medial patellofemoral ligament (MPFL) reconstruction has
gained popularity since the 1990s, and much evidence exists
showing a low reoperation rate, a high rate of return to sport,
and reduction of apprehension and instability recurrence.9,37

Despite overall success with MPFL reconstruction, a

complication rate of up to 26% has been reported.29,40 Com-
plications are in part associated with difficulty in consistently
finding the appropriate femoral graft insertion point. Incor-
rect graft placement has been implicated in failure to correct
patellar instability,4,7,29,47,48 and an anteriorly placed graft
has been identified as a risk factor for postoperative stiffness
due to nonisometry.29 Graft placement on the femoral side has
been shown to be the most influential technical factor in
creating an isometric graft.46 The proximal-distal direction
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has the greatest sensitivity to changes in graft length,43 with
an anterior position causing the greatest graft length change
at deeper flexion angles.35 Thus, it has been suggested to
avoid a graft position that is too far anterior and proximal.17

The femoral attachment of the MPFL is located trans-
versely in a bony groove between the medial epicondyle and
the adductor tubercle.26 Nomura et al found that the MPFL
courses from the medial patellar margin to the posterome-
dial capsule, with deep fibers anchored on the femur just
distal to the adductor tubercle. This is known as the
“Nomura point” and is located 9.5 mm proximal and 5.0
mm posterior to the center of the medial epicondyle.26

The femoral insertion of the MPFL may be located
intraoperatively utilizing either open or radiographic
techniques. Schöttle et al38 described the widely used radio-
graphic landmarks for anatomic femoral attachment. The
Schöttle point can be localized on a true lateral radiograph
1 mm anterior to the tangent of the posterior femoral cor-
tex, 2.5 mm distal to a perpendicular line through the
proximal-most aspect of the femoral condyle, and proximal
to a perpendicular line traced through the most posterior
aspect of the Blumensaat line.

There are several challenges with radiographic and open
approaches. It can be difficult to obtain a true lateral radio-
graph of the knee while instrumenting (utilizing

procedural tools, inserting grafts or implants to perform the
MPFL reconstruction procedure), and recently, the accu-
racy of the Schöttle point to the native MPFL femoral
attachment has been challenged.36,53 An open approach
may theoretically provide visual or palpable confirmation
of the location of the MPFL origin. However, an open
approach generally requires a larger dissection, and appro-
priate landmarks may still be difficult to see or palpate. To
our knowledge, a clinical comparison of outcomes between
open and fluoroscopic techniques has not been performed.

The purpose of this systematic review was to compare clin-
ical outcomes, particularly recurrent instability and stiffness,
using a fluoroscopic versus open technique to localize the site
of femoral graft attachment. We hypothesized that there
would be no difference in clinical outcomes and complication
rates for fluoroscopic versus open localization techniques.

METHODS

Literature Search and Study Selection

A systematic review of the literature focusing on fluoro-
scopic and open techniques for localizing the site of femoral
fixation in patients undergoing MPFL reconstruction was
conducted in accordance with PRISMA (Preferred

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart for study inclusion. MPFL,
medial patellofemoral ligament.
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Reporting Items for Systematic Reviews and Meta-Analy-
ses) guidelines.24 A search was performed using PubMed,
Embase, and CINAHL to identify articles published
between the inception of these databases and March 1,
2022. The search terms included (“medial patellofemoral”
OR “MPFL”) AND “reconstruction” OR (“patellar
instability” AND “surgery”).

Inclusion criteria were a minimum 2-year follow-up as well
as complete reporting of patient-reported outcomes, range of
motion, stability, success/failure, and/or complications (ie,
recurrent instability, stiffness, infection, persistent pain). We
excluded studies of patients with Marfan, Ehlers-Danlos, or
other collagen disorders; revision surgeries; surgeries with
concomitant procedures; synthetic MPFL reconstruction;

MPFL repairs; no description of surgical technique; combined
open and radiographic technique; data not stratified by type of
treatment; no femoral fixation; and <2 years of follow-up. We
also excluded case series (<10 patients), review articles,
abstracts, and articles not published in the English
language. Two authors (K.H., C.C.) independently screened
the results of the literature search to identify articles that
met the inclusion criteria, which were then reviewed by the
senior authors to resolve any disagreement.

Level of Evidence and Quality Assessment

We used the Oxford Centre for Evidence-Based Medicine
criteria27 to determine the level of evidence for each study.

TABLE 1
Study Characteristics Stratified by Surgical Techniquea

First Author (Year) Study Design LOE Sample Size Sex, M:F, n
Age at Surgery, y,

mean ± SD
Length of Follow-up,

mean (range)

Downs
and Black

Scoreb

Open Surgery Studies (n ¼ 15)

Steiner (2006)45 Case series 4 34 12:22 31 ± NR 66.5 mo (24-130 mo) 8
Gonçaives (2011)13 Case series 4 23 8:14 28.6 ± NR 26.2 mo (24-32 mo) 7
Han (2011)14 Case series 4 52 (59 knees) 19:33 24.3 ± NR 5.7 y (3.1-7.1 y) 7
Raghuveer (2012)33 Case series 4 12 (15 knees) 4:8 29.2 ± NR 42 mo (24-60 mo) 5
Wang (2012)50 Case series 4 21 (22 knees) 6:15 23 ± NR 37.5 mo (24-56 mo) 7
Li (2014)20 Case series 4 65 28:37 29.4 ± 5.6 78.5 mo (NR) 8
Kita (2015)18 Case-control 3 42 (44 knees; 34 without

PF instability, 10 with PF instability)
9:35 25.35 ± 8.7 3.2 y (2-9 y) 12

Ambrožič (2016)1 Case series 4 29 (31 knees) 15:14 26.2 ± 6.4 6.4 y (4.2-8.5 y) 8
Niu (2017)25 Case series 4 30 10:20 25.0 ± 6.9 55.1 mo (48-63 mo) 8
Tscholl (2018)48 Case series 4 60 (63 knees) 11:49 23.7 ± 7.5 5.7 y (2y-NR) 8
Pandey (2019)28 Case series 4 30 11:19 24.8 ± NR 42 mo (24-96 mo) 7
Fujii (2021)10 Case series 4 24 (27 knees) 6:18 Median: 23.9 ± 9.4 75 mo (36-129 mo) 8
Gao (2020)11 Case series 4 66 (80 knees) 17:49 21.3 ± 7.8 66.1 mo (60-78 mo) 8
Marot (2021)21 Case-control 4 57 (29 quasi-anatomical technique;

28 anatomical MPFL reconstruction)
20:37 23.7 ± NR NR (2-5 y) 12

Lee (2022)19 Case Series 4 21 Not Specified 25.1 ± NR 3.45 y (2-5 y) 8

Fluoroscopy Studies (n ¼ 14)

Witoński (2013)51 Case series 4 10 NR 27.2 ± 8.1 43 mo (48-55 mo) 7
Song (2014)44 Case series 4 20 10:10 Median: 21 ± NR Median: 34.5 mo (24-50 mo) 8
Astur (2015)2 RCT 2 58 (30 graft Endobutton fixation;

28 graft fixation)
30:28 29.81 ± NR NR (2-5 y) 11

Vavalle (2016)49 Case series 4 16 9:7 22 ± NR 38 mo (28-48 mo) 7
Sim (2018)42 Case series 4 11 (12 knees) 5:6 18.6 ± 4.4 Median: 28.8 mo (24-48 mo) 8
Peter (2019)30 Case series 4 36 (38 knees) 17:19 25.1 ± 6.1 24 mo (NR) 9
Puzzitiello (2019)32 Cohort study 3 51 (32 reconstruction;

19 imbrication and/or repair)
23:28 22.8 ± 9.25 59.7 mo (24-121 mo) 12

Blanke (2020)3 Case series 4 52 29:23 26 ± 4.2 NR (24-36 mo) 8
Mayer (2020)22 Case series 4 128 42:62 21.9 ± 8.1 45.7 mos (41-52 mo) 7
Ye (2020)52 Cohort study 2 65 (31 suture anchor fixation

at patella; n ¼ 34 transosseous
suture anchor fixation)

28:37 28.53 ± 5.85 44.07 mo (NR) 11

Zhang (2020)53 Case series 4 29 8:21 27.35 ± 5.81 37.52 mo (26-48 mo) 8
Shih (2022)41 Cohort Study 3 33 30:3 21.5 ± NR 43 mo (24-96 mo) 13
Giesler (2022)12 Case Series 4 31 14:17 22 ± 6 24 mo (NR) 9
Ercan (2021)8 RCT 1 80 38:42 17 ± NR 43.3 mo (24-74 mo) 24

aF, female; LOE, level of evidence; M, male; MPFL, medial patellofemoral ligament; NR, not reported; PF, patellofemoral; RCT, random-
ized controlled trial.

bThe maximum possible Downs and Black score, indicative of good methodological quality/low risk for bias, is 9 points for case series,
15 points for observational studies, and 32 points for randomized controlled trials.
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TABLE 2
Surgical Details Stratified by Surgical Techniquea

First Author (Year) Graft Fixation Graft Origin Type of Graft Concomitant Procedures

Open Surgery Studies (n ¼ 15)

Steiner (2006)45 Suture fixation and lag screw for the
bone block grafts

Adductor or bone-quad/bone-
patellar tendon bone

Autograft None reported

Gonçaives (2011)13 Interference screw ST Autograft None reported
Han (2011)14 Interference screw ST (n ¼ 44), gracilis (n ¼ 8) Autograft Chondral debridement, removal

of loose bodies, lateral release
Raghuveer (2012)33 Bone anchor (n ¼ 4), bioresorbable screw

(n ¼ 11)
Gracilis (n ¼ 4), ST (n ¼ 8) Autograft Lateral release (n ¼ 2)

Wang (2012)50 Suture fixation to the patella and
bioabsorbable interference screw

ST Autograft Lateral retinacular release

Li (2014)20 Combination of bone-fascia suture tunnel
and interference screw

TA Allograft None reported

Kita (2015)18 Endobutton on femur and patella ST Autograft Loose body removed (n ¼ 8)
Ambrožič (2016)1 Biosuture anchors in the patella and

absorbable interference screw
Gracilis Autograft None reported

Niu (2017)25 Bioresorbable interference screw and
suture fixation

ST Autograft None reported

Tscholl (2018)48 Not specified Gracilis Autograft None reported
Pandey (2019)28 Bioresorbable interference screw ST Autograft Loose body removal
Fujii (2021)10 Endobutton for patella and tenodesis

screw/Endobutton for femur
ST Autograft None reported

Gao (2020)11 Bioresorbable interference screw Gracilis Autograft Loose body removal,
chondroplasty,
synovitis

Marot (2021)21
& Group A: quasi-anatomic suture

fixation
& Group B: anatomic suture anchor

fixation

& Group A: gracilis
& Group B: ST

Autograft None reported

Lee (2022)19 Suture anchor in patella and interference
screw on femur

ST and TA Autograft or allograft Lateral release

Fluoroscopy Studies (n ¼ 14)

Witoński (2013)51 Titanium suture anchor Patellar tendon Autograft None reported
Song (2014)44 Suture anchor in patella and

bioabsorbable screw
ST (n ¼ 8), gracilis (n ¼ 2) Autograft Lateral release (n ¼ 3),

Chondroplasty (n ¼ 5)
Astur (2015)2

& Group 1: Endobutton and interference
screw

& Group 2: patellar anchor and
interference screw

Gracilis Autograft None reported

Vavalle (2016)49 Suture anchors (þ transosseous sutures,
n ¼ 6)

Quad Autograft Lateral release

Sim (2018)42 Suture anchors in the patella and button ST Autograft Lateral release
Blanke (2019)3 Not specified Gracilis Autograft Lateral release
Mayer (2020)22 Interference screw Gracilis Autograft None reported
Peter (2019)30 Bioresorbable interference screw Partial-thickness quad Autograft None reported
Puzzitiello (2019)32 Biotenodesis screw in femur and suture

anchors in patella
Hamstring and TA Allograft (hamstring

and TA) and autograft
(hamstring)

31.3% of the reconstruction group
received lateral release

Ye (2020)52
& Group 1: transosseous sutures and

bioabsorbable interference screw
& Group 2: suture anchors and

bioabsorbable interference screw

Gracilis Autograft Lateral retinacular release
(n ¼ 8 in suture anchor,
n ¼ 9 in transosseous suture)

Zhang (2020)53 Transosseous suture fixation with
bioabsorbable interference screw

Gracilis Autograft Lateral release

Shih (2022)41 Suture anchors on the patella and
interference screw on the femur

ST Autograft None reported

Giesler (2022)12 2 bioresorbable anchors at patella and
interference screw at femur

Gracilis Autograft None reported

Ercan (2021)8 Transosseous suture fixation with
bioabsorbable interference screw

ST Autograft None reported

aQuad, quadriceps tendon; ST, semitendinosus; TA, tibialis anterior.
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The same two authors independently evaluated the meth-
odological quality and risk of bias for each study with the
Downs and Black study quality assessment tool.6 The max-
imum Downs and Black score, indicative of good methodo-
logical quality/low risk for bias, is 9 points for case series, 15
points for observational studies, and 32 points for random-
ized controlled trials.

Data Extraction

Two reviewers (K.H., C.C.) independently extracted the fol-
lowing data from each article into a standardized database:
study design, sample size, sex, age at surgery, length of
follow-up, surgical technique (fluoroscopic or open), graft
fixation method, graft origin, type of graft (autograft or
allograft), and concomitant procedures. Postoperative data
included apprehension, subjective instability, objective
instability, recurrent dislocation, arthrofibrosis, and reop-
eration. Subjective instability was defined as a patient-
perceived instability of the patellofemoral joint without
documented dislocation. Objective instability was defined
as patellar hypermobility on surgeon-performed postoper-
ative physical examination.

Statistical Analysis

Study characteristics were tabulated and described. Since the
majority of the studies were only single-arm studies, a tradi-
tional comparative meta-analysis could not be performed.5

Instead, a proportional meta-analysis was performed by cal-
culating the pooled estimate of incidence with 95% CIs using a
fixed-effects model with double arcsine transformation (Free-
man-Tukey) for each type of surgical technique (fluoroscopic
or open). To include studies with zero incidences, a continuity
correction was performed by adding 0.5 to the numerator and
denominator of incidence.34 Forest plots were made, and the
pooled estimate of incidence was compared between surgical
techniques by seeing if their 95% CIs overlapped. Addition-
ally, a P value was calculated using methods described in the
Cochrane handbook,16 which calculates the standard devia-
tion from the confidence interval and uses a t test to compare
means. Of note, this is an estimated P value since it was
calculated using transformed values. Heterogeneity statistics
(I2) were calculated but are irrelevant to compare in propor-
tional meta-analyses, as all studies were single-arm studies.23

A P value<.05 was considered statistically significant, and all
analyses were performed using JBI System for the Unified
Management, Assessment and Review of Information.31

Figure 2. Forest plot illustrating the prevalence of postoperative apprehension for (A) intraoperative fluoroscopy versus (B) open
surgery.
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RESULTS

The literature search identified 4183 unique articles. Of
these, 240 articles were screened for eligibility and 29 met
inclusion criteria (Figure 1).

Study Characteristics

The characteristics of the included studies are shown in
Table 1. Fifteen studies§ (566 patients) used the open
technique and 14 studiesk (620 patients) used fluoroscopy.
There were 23 studies{ with level 4 evidence, 3 stud-
ies18,32,41 with level 3 evidence, 2 studies2,52 with level 2
evidence, and 1 study8 with level 1 evidence. Overall, the
study quality was good, and most studies had a low risk for
bias based on the total Downs and Black scores (Table 1).

The minimum score indicative of good methodological qual-
ity/low risk of bias was 6 and higher for case series, 11 and
higher for observational/cohorts, and 20 and higher
for RCTs.

Suture anchor or transosseous suture# were most com-
monly used for graft fixation to the patella, and an inter-
ference screw was most commonly used for femoral
fixation.** Most studies used semitendinosus or gracilis
hamstring autograft for MPFL reconstruction (Table 2).

Results of Meta-analysis

The incidence rates of postoperative apprehension after
fluoroscopic (3.1% [95% CI, 0.0%-9.1%]) and open (5.4%
[95% CI, 2.6%-8.8%]) techniques were not significantly dif-
ferent (P ¼ .4826) (Figure 2). In addition, there was no

Figure 3. Forest plot illustrating the prevalence of postoperative subjective instability for (A) intraoperative fluoroscopy versus (B)
open surgery.

§References 1, 10, 11, 13, 14, 18–21, 25, 28, 33, 45, 48, 50.
kReferences 2, 3, 8, 12, 22, 30, 32, 41, 42, 44, 49, 51–53.
{References 1, 3, 10–14, 19–22, 25, 28, 30, 33, 42, 44, 45, 48–51, 53.

#References 1, 2, 8, 12, 19–21, 32, 33, 41, 42, 44, 49, 51–53.
**References 1, 2, 8, 10–14, 18–20, 22, 25, 28, 30, 32, 33, 41, 42, 44,

45, 50, 52, 53.
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significant difference in the incidence of postoperative sub-
jective instability for fluoroscopic (3.1% [95% CI, 1.3%-
5.6%]) versus open (6.1% [95% CI, 3.3%-9.5%]) techniques
(P ¼ .1095) (Figure 3). The incidence of reoperation for the
fluoroscopic (3.2% [95% CI, 1.3%-5.7%]) compared with the
open (3.6% [95% CI, 1.8%-6.0%]) technique was not signif-
icantly different (P ¼ .7981) (Figure 4).

There was no significant difference in the incidence of
postoperative objective instability after the fluoroscopic
(1.4% [95% CI, 0.1%-3.7%]) versus the open (2.5% [95% CI,
0.1%-7.1%]) technique (P ¼ .5583) (Figure 5). The incidence
rates of recurrent dislocation after fluoroscopic (1.4%
[95% CI, 0.4%-2.8%]) and open (1.8% [95% CI, 0.6%-3.4%])
techniques were not significantly different (P ¼ .6690)
(Figure 6). Last, there was no significant difference in the
incidence of arthrofibrosis for the fluoroscopic (1.7% [95% CI,

0.1%-4.6%]) compared with the open (1.3% [95% CI, 0.0%-
4.7%]) technique (P ¼ .8118) (Figure 7).

DISCUSSION

Our proportional meta-analysis comparing the pooled
incidence of complications revealed no significant differ-
ences in postoperative outcomes when comparing open
and radiographic techniques to localize femoral tunnel
position during MPFL reconstruction. The incidence
rates of postoperative apprehension (fluoroscopic,
3.1%; open, 5.4%), subjective instability (fluoroscopic,
3.1%; open, 6.1%), reoperation (fluoroscopic, 3.2%; open,
3.6%), objective instability (fluoroscopic, 1.4%; open,
2.5%), recurrent dislocation (fluoroscopic, 1.4%; open 1.8%),
and arthrofibrosis (fluoroscopic, 1.7%; open, 1.3%) were

Figure 4. Forest plot illustrating the prevalence of reoperation for (A) intraoperative fluoroscopy versus (B) open surgery.
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not statistically different. Reoperations were reported
for 11 of 317 patients in the fluoroscopy group and 19
of 400 in the open technique group. Reoperations were
required for removal of symptomatic hardware, arthro-
fibrosis, redislocation, graft failure, patellar fracture,
postoperative hematoma, and suture granuloma.††

Complications after MPFL reconstruction may be due
to several different anatomical or surgical factors. One
potential source of complications may be poor femoral
tunnel placement.4,29,40 Some studies have evaluated
how accurate surgeons are at determining the location
of femoral fixation.48,54 Additionally, the accuracy of the
radiographic technique utilizing the Schöttle point has
recently been called into question. Sanchis-Alfonso
et al35 showed that the native attachment of the MPFL
may be up to 4.1 mm from the radiographic point as iden-
tified. Furthermore, the margin of error for localizing the
Schöttle point on a lateral radiograph is quite small. Five
degrees of rotational error corresponds to malpositions of
7.5, 9.2, and 8.1 mm in the anteroposterior, posteroanterior,
and cephalad orientations, respectively.54 By comparison,
the open technique has demonstrated a broad range of accu-
racy, from 65% to 92.3%.15,39 Despite these findings, our

data suggest that the outcomes and complication profile are
similar for both techniques.

Limitations

Our study has several limitations inherent to being a
proportional meta-analysis, including the lack of com-
parative arms within studies, publication bias, small
study effect, and the quality and heterogeneity of the
studies included. Most of the studies included had a low
level of evidence. Variabilities in patient number, sex
ratio, age at time of surgery, and length of follow-up can
also be seen. Another limitation in this study is the var-
iation in technique and implant choice. However, we did
find that most studies used suture anchor or transoss-
eous suture for patellar fixation, and more than two-
thirds used interference screw femoral fixation (24/29
studies). It also should be noted that failure of fixation
is a rare complication and was not reported in any of the
included studies, making it unlikely that implant differ-
ences were an important factor. Finally, the largest lim-
itation may be that the primary purpose of the included
studies was to report results rather than complications,
which could have caused underreporting of stiffness, in
particular.

Figure 5. Forest plot illustrating the prevalence of postoperative objective instability for (A) intraoperative fluoroscopy versus (B)
open surgery. F-T.

††References 1–3, 11, 18–22, 30, 32, 41, 45, 48, 50.
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Figure 6. Forest plot illustrating the prevalence of recurrent dislocation for (A) intraoperative fluoroscopy versus (B) open surgery.

The Orthopaedic Journal of Sports Medicine Fluoroscopic vs. Open Technique in MPFL Reconstruction 9



CONCLUSION

The study findings suggest that both open and radio-
graphic localization of femoral graft position in MPFL
reconstruction offer similar outcomes. We found no signif-
icant differences in the rates of postoperative apprehen-
sion, postoperative subjective instability, postoperative
objective instability, reoperations, recurrent dislocation,
or arthrofibrosis when comparing open and fluoroscopic
techniques. Surgeons can choose either technique and
expect similar results.
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