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Abstract
Purpose  To compare clinical outcomes of double-bundle medial patellofemoral ligament (MPFL) reconstruction with dif-
ferent patellar fixation techniques including Kujala score, functional failure and complications.
Methods  Pubmed, Embase, and Cochrane Library databases were searched for studies with clinical results of double-bundle 
MPFL reconstruction. The hamstring tendon autografts were used, and femoral fixation was performed with bone tunnel 
and an interference screw, and knee fixation angle was less than or equal to 45°. Patellar fixation methods were broadly 
categorized into 3 treatment groups: suture anchor (SA), bone tunnel (BT) and suture techniques (SU). Pooled means for 
Kujala score and pooled estimates for functional failure rate and complication rate were compared.
Results  21 studies (23 groups) consisting of 691 knees met the inclusion criteria. 12 groups with 344 knees were in SA 
group, 5 groups of 161 knees were in BT group and 6 groups with 186 knees were in SU group. Statistically significant dif-
ferences in Kujala score were found among three groups, 90.2 (95% CI 88.7–91.7) in SA group, 88.7 (95% CI 85.3–92.2) in 
BT group and 89.4 (95% CI 84.2–94.6) in SU group (all P < 0.001), but these differences were not clinically significant. No 
statistically significant differences were found in the positive apprehension sign rate, recurrent subluxation or dislocation 
rate, and major or minor complication rate among three groups.
Conclusion  Patellar fixation with bone tunnel, suture anchor or suture techniques were all effective in the double-bundle 
MPFL reconstruction. The present systematic review failed to show that one technique was better than the others. More 
high-quality trials and randomized controlled trials are needed.
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Introduction

Lateral patellar dislocation is a complex clinical condition 
including multifactorial osseous and soft-tissue abnormali-
ties [1]. Recently, medial patellofemoral ligament (MPFL) 

reconstruction has become an established treatment option 
for recurrent patellar dislocation, isolated or combined with 
other surgical procedures. MPFL has been regarded as the 
primary passive restraint to lateral patellar translation at the 
early knee flexion [2–6], and its wide patellar insertion con-
sisted of two functional bundles to synergistically restrain 
lateral force throughout the range of knee flexion [7, 8]. 
Therefore, double-bundle reconstruction was popular with 
the purpose to restore the wide patellar insertion.

However, patellar fixation techniques in double-bundle 
MPFL reconstruction were still in controversy, with multiple 
techniques used in current clinical practice. Tunnel tech-
nique has shown the similar strength with the native MPFL, 
but bone tunnels across the patella hold the risk of patel-
lar fracture [9]. Suture anchor fixation can be introduced 
to reduce the risk of patellar fracture, but it may cause pain 
and irritation at the insertion side [10]. Transosseous suture 

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s0040​2-018-3008-8) contains 
supplementary material, which is available to authorized users.

 *	 Fei Wang 
	 doctorwf@yeah.net

1	 Department of Joint Surgery, Third Hospital 
of Hebei Medical University, No. 139 Ziqiang Road, 
Shjiazhuang 050051, Hebei, China

2	 Department of Surgery, Fourth Hospital of Hebei Medical 
University, Shijiazhuang, China

http://crossmark.crossref.org/dialog/?doi=10.1007/s00402-018-3008-8&domain=pdf
https://doi.org/10.1007/s00402-018-3008-8


80	 Archives of Orthopaedic and Trauma Surgery (2019) 139:79–90

1 3

or suture with soft-tissue as an implant-free technique can 
avoid the symptoms relative to hardware, but its strength is 
still in concern [11]. In the literature, the surgical procedures 
of MPFL reconstruction have been reported with a great 
number of variations in type of graft, fixation method and 
knee flexion angle of graft fixation. This vast variations in 
surgical techniques make it difficult to compare the clinical 
results in various studies meaningfully [12, 13].

Therefore, this study was the first systematic review to 
compare the clinical outcomes of double-bundle MPFL 
reconstruction with different patellar fixation methods based 
on the similar other surgical conditions: the hamstring ten-
don autograft, femoral fixation of bone tunnel technique with 
an interference screw, and knee flexion angle of less than or 
equal to 45°. We hypothesized that double-bundle MPFL 
reconstruction with different patellar fixation methods would 
yield similar clinical outcomes in subjective knee function, 
functional failure rate and complications.

Methods

Literature search

To comprehensively identify studies presenting clinical 
results of MPFL reconstruction, two authors independently 
performed online literature searches through the databases 
of the Pubmed, Embase, and Cochrane Library on July 31, 
2017, using the terms ‘‘(medial patellofemoral ligament 
[Title]) OR MPFL [Title]’’.

Eligibility and study selection

Two reviewers screened the titles and abstracts of the 
retrieved papers, and selected relevant studies for full 
review on the basis of following inclusion and exclusion 
criteria. Inclusion criteria were as follows: (1) Studies 
presenting clinical results of double-bundle MPFL recon-
struction using hamstring tendon autografts, femur fixation 
with bone tunnel and an interference screw, and knee fixa-
tion angle of less than or equal to 45°; (2) Studies with or 
without minor secondary soft-tissue surgery (e.g., release 
of lateral retinaculum or advancement of vastus media-
lis); (3) The study with groups of ten or more knees; (4) 
The study with a minimum mean follow-up of 12 months; 
(5) The study reported a minimum mean or median age 
of 18 years; (6) The article was available in the English 
language. The exclusion criteria were as follows: (1) 
The study addressed acute patellar dislocation or MPFL 
repair; (2) The study described the technique of tendon 
transfer for MPFL reconstruction including hamstring 
tendon, adductor magnus tendon, quadriceps or patellar 
tendon; (3) Concomitant surgical procedure including: 

trochleoplasty, tibial tubercle osteotomy, medial patelloti-
bial ligament reconstruction, or anterior cruciate ligament 
reconstruction. (4) The animal and cadaveric studies; (5) 
The case reports, technical notes, and reviews.

Quality assessment

The Centre for Evidence-Based Medicine’s level of evidence 
was used to evaluate the quality of the current analysis. The 
methodological quality of each study was evaluated using 
the modified Coleman methodology score (Appendix 1). In 
cases of disagreement, the two authors debated the contro-
versial score until reaching a consensus.

Data extraction

To extract data from the papers, a predefined form was 
used including patient demographics, details of surgical 
technique and clinical outcomes. The details of surgical 
technique included graft type, patellar and femoral fixation 
method, and fixation angle. To make meaningful comparison 
of patellar fixation method, we broadly categorized patel-
lar fixation technique into 3 treatment groups: bone tunnel, 
suture anchor and suture technique. The graft type was lim-
ited to hamstring tendon autografts, the femoral fixation was 
performed with bone tunnel and an interference screw and 
knee flexion angle was of less than or equal to 45°.

The clinical outcomes were the postoperative Kujala 
score, functional failure and complications. Functional fail-
ures included positive apprehension sign and recurrent sub-
luxation or dislocation. Postoperative complications were 
collected from each publication and divided into major and 
minor complications according to the modified Stupay`s 
method (Appendix 2) [13].

Statistical analysis

Systematic review was performed using OpenMeta [Analyst] 
(Centre for Evidence-Based Medicine). Homogeneity was 
tested by the Q statistic (significance level at P < .1) and 
the I2 statistic (significance level at I2 > 50%). A random-
effects model was used if the Q or I2 value was statistically 
significant; otherwise, a fixed-effects model was used. 
Continuous variable such as Kujala score with the pooled 
estimated mean was analyzed by one-way analysis of vari-
ance (ANOVA) and Student 2-tailed t test. The categori-
cal variables as pooled estimates for functional failure rate 
and complication rate were assessed by Pearson Chi-square 
test. P < .05 was considered to be statistically significant, and 
95% confidence intervals (CIs) were reported.
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Results

Demographics

The literature search identified 927 relevant articles ini-
tially. Based on the inclusion and exclusion criteria, 21 
articles were included in the present analysis. The flow 
diagram was shown in Fig. 1. For two studies included 2 
separate groups of MFPL reconstruction for the analysis 
[14, 15], in total 23 groups with a total of 666 patients 
(691 knees) were included in this review, with a weighted 
average age of patients was 25.2 years, and a weighted 
mean follow-up was 36.9 months (Table 1).

For the patellar fixation methods, 12 groups with 
322 patients (344 knees) used suture anchor (SA group) 
[15–25], 5 groups of 158 patients (161 knees) used 
bone tunnel (BT group) [26–30] and 6 groups with 186 
patients (186 knees) used suture technique (SU group) 
[14, 31–34].

Level of evidence and methodology assessment

In assigning levels of evidence, no study was level I, 3 
studies were level II, 5 studies were level III, and 13 stud-
ies were level IV. The average modified Coleman meth-
odology score was 69.4 ± 9.0 (Appendix 1).

Clinical outcomes

Postoperative Kujala scores were calculated from 12 groups 
of 90.2 (95% CI 88.7–91.7) in SA group, 4 groups of 88.7 
(95% CI 85.3–92.2) in BT group, and 5 groups of 89.4 (95% 
CI 84.2–94.6) in SU group (Fig. 2) (Table 2). The statisti-
cally significant difference was found among three groups 
with each other (all P = 0.000), but the difference among 
three groups was 1.5 points, less than a minimal clinical 
important difference of the Kujala sore of 7 points [35].

There was no statistically significant difference in positive 
apprehension sign rate (Fig. 3) and in recurrent subluxation 
or dislocation rate (Fig. 4) among three groups (Table 2).

No statistically significant difference in major (Fig. 5) 
or minor (Fig. 6) complication rate was found among three 
groups (Table 2).

Discussion

The most important finding of present study was that patellar 
fixation using bone tunnel, suture anchor, and suture tech-
niques would achieve similar clinical outcomes for double-
bundle MPFL reconstruction in subjective knee Kujala 
score, positive apprehension sign, recurrent subluxation or 
dislocation and complications. The present analysis failed 
to show that one technique was better than the others for 
patellar fixation in double-bundle MPFL reconstruction. 

Fig. 1   The flowchart of the 
literature search process. TTT​ 
tibial tubercle transfer
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The superiority of present study was to analyze the effect 
of patellar fixation method on clinical outcomes of double-
bundle MPFL reconstruction based on the uniformity of 
graft type, femoral fixation method and knee flexion angle.

In the present study, the pooled mean Kujala score in the 
bone tunnel technique was statistically lower than that in 
the suture anchor and suture techniques. The pooled mean 
Kujala score was 88.7 for the bone tunnel technique, 90.2 for 
the suture anchor technique and 89.4 for the suture fixation. 
The result is similar to a previous systematic review, which 
the mean Kujala score was 88.6 (SD 4.7) for the bone tunnel 

fixation and 90.0 (SD 3.7) for the soft-tissue attachments 
[13]. Even though this difference was statistically significant, 
the difference did not approach clinical significance based on 
a minimal clinical important difference of the Kujala score 
of 7 points [35].

No significant difference was found in positive apprehen-
sion sign rate and recurrent subluxation or dislocation rate 
among different patellar fixation techniques from the present 
analysis. In the literature, there was no clinical studies, only 
few biomechanical studies to compare the outcomes of dif-
ferent patellar fixations. Hapa et al. reported that aperture 

Fig. 2   Individual study means and pooled estimated postoperative means in Kujala scores for bone tunnel (a), suture anchor (b) and suture tech-
nique (c)
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fixation techniques such as suture anchor and interference 
screw fixation were as strong as the tunnel technique in the 
ultimate load [11]. Using transosseous 1-mm braided poly-
ester Ethibond suture, Lenschow et al. reported that transos-
seous sutures provided similar load to failure (539.5 Nm) 
and elongation (3.0 mm) with that of two anchors fixation 
(401.5 Nm and 3.7 mm) [36]. With four 2–0 Ethibond 
sutures, He et al. reported the tensile strength (234.86 N) 
was stronger than that of the normal MPFL (146.91 N) and 
anchors-single suture technique (159.17 N) [37]. From the 
biomechanical point of view, all the fixation methods as 
bone tunnel, suture anchor and transosseous suture technique 
can effectively fix the graft to native patellar margin.

From the present study, the complication was classed into 
the major and minor complication according to modified 
Stupay`s method [13] (Appendix 2). No statistically signifi-
cant differences in major or minor complication rate were 
found among different patellar fixation techniques. With 
regard to the type of complication, the most common type 
of complication was knee flexion deficit (21/43), followed 
by the residual anterior knee pain (14/43). This may be 
related to the firm fixation of double-bundle reconstruction 
causing more “tensioning” the MPFL graft and restraint to 
the normal mobility of patella and resulting more stress to 
the injured chondral injury in the patellofemoral joint [9]. 
Patellar fracture was a serious but not common problem. In 
present study, two patellar fractures were reported in MPFL 
reconstruction with bone tunnel technique (n = 161), and no 
patellar fractures were reported in studies with anchor or 
suture techniques (n = 530). This reminded the surgeon of 
the inherent risk of fracture for the bone tunnel technique. 
In all, bone tunnel, suture anchor and suture techniques were 

all safe alternatives for the patellar fixation in double-bundle 
MPFL reconstruction.

From the present study, knee flexion angle of less or equal 
to 45° was chosen based on the length change pattern of 
native ligament that MPFL tightens in early to midflexion 
and slackens during deeper flexion [2, 38, 39]. Victor et al. 
showed that the length of the MPFL was longer at 0° to 40° 
of flexion than at over 40° of flexion [39]. Recently, in vivo 
analysis shown that the MPFL can be functionally divided 
into superior and inferior portions, which act synergistically 
to restrain lateral force throughout the range of knee flexion, 
with the superior fibers being taut in low flexion and the 
inferior fibers in mid flexion, respectively [8]. The appropri-
ate knee angle for graft fixation is at or close to 30°, most 
commonly fixed in clinical practice at lower flexion angles 
between 20° and 45°.

The present study also has some limitations. First, the 
main problem was the clinical complexity of recurrent patel-
lar dislocation to limit the generalizability of the results of 
MPFL reconstruction. We tried to focus on the isolated MPFL 
reconstruction without any additional bony procedures, but the 
subjects with bony risk factors such as an increased TT-TG dis-
tance, trochlear dysplasia, or patella alta were not excluded for 
the analysis. Second, the surgical procedure of MPFL recon-
struction was described to be of great variety in graft choice, 
fixation method, fixation angle and so on. We attempted to 
minimize confounding effects by limiting the graft choice, 
femoral fixation and knee flexion angle to to study the effect 
of patellar fixation method on the outcomes of MPFL recon-
struction [40, 41]. Although the patellar fixation method were 
broadly classified into tunnel technique, suture anchor and 
suture technique, the factors such as the size, shape and the 
exit of the tunnel, fixation for the graft within the tunnel were 

Table 2   Results of MPFL 
reconstruction with different 
patellar fixation methods

SA suture anchor, BT bone tunnel, SU suture

SA group BT group SU group P value

Kujala score
 N Groups 12 4 5
 N Subjects 322 127 165

Postoperative score 91.2 88.7 89.4 F = 21.585 0.000
Functional failures
 N Groups 12 5 6
 N Subjects 344 161 186

Apprehension rate 2.4% 1.4% 1.4% X2 = 0.797 0.671
Sub/dislocation rate 1.6% 1.6% 1.4% X2 = 0.032 0.984
Complications
 N Groups 12 5 6
 N Subjects 344 161 186
 Major rate 1.8% 2.6% 1.5% X2 = 0.425 0.809
 Minor rate 1.6% 3.3% 2.6% X2 = 1.055 0.590
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not analyzed, all these factors may have an effect on the clini-
cal outcomes. Third, there is a paucity of high-level evidence 
in the current literature on recurrent patellar dislocation, only 

3/21 studies were classified as level II studies and no level I 
studies. More high-quality trials and randomized controlled 
trials are needed in the future.

Fig. 3   Individual study proportions and pooled estimated positive apprehension sign for bone tunnel (a), suture anchor (b) and suture technique 
(c)
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Conclusion

Patellar fixation using bone tunnel, suture anchor, and 
suture techniques would achieve similar clinical outcomes 
for double-bundle MPFL reconstruction in the subjective 

knee Kujala score, positive apprehension sign, recurrent 
subluxation or dislocation and complications based on the 
similar other surgical conditions: the hamstring tendon 
autograft, femoral fixation of bone tunnel technique with 

Fig. 4   Individual study proportions and pooled estimated recurrent subluxation or dislocation for bone tunnel (a), suture anchor (b) and suture 
technique (c)
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an interference screw, and knee flexion angle of less than 
or equal to 45°. The present analysis failed to show that 
one technique was better than others for patellar fixation 

in double-bundle MPFL reconstruction. More high-quality 
trials and randomized controlled trials are needed in the 
future.

Fig. 5   Individual study proportions and pooled estimated major complication for bone tunnel (a), suture anchor (b) and suture technique (c)
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