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Abstract

Purpose The aim of the present study was to evaluate the clinical, radiological and functional results of patients underwent
single-tunnel (ST) and double-tunnel (DT) medial patellofemoral ligament(MPFL) reconstructions with hamstring autograft
following recurrent patella dislocation prospectively in a single institution.

Methods From 2013 to 2017, 80 patients with symptomatic recurrent patellar dislocation or instability were randomly
divided into 2 groups for MPFL reconstruction with ST technique or DT technique and evaluated prospectively. In the
ST group, there were 20 male and 20 female with a median follow-up of 46.5 months (range 24-74). The median age was
15 years (range 10-28). In the DT group, there were 18 male and 22 female with a median follow-up of 40 months (range
24-74). The median age was 19 years (range 14-29). Clinical scores (Kujala score, Lysholm score, Tegner score and IKDC
score) and radiological measurements (congruence angle and patellar tilt angle) of the patients were evaluated preoperatively
and at postoperative 24th month. Isokinetic dynamometric tests were performed at postoperative 24th month and the differ-
ence between the operated leg and the non-operated leg was found as a percentage deficit.

Results There were no postoperative complications, redislocation or subluxation in any patient. Kujala, Lysholm, Tegner
and IKDC scores were better and statistically significant postoperatively in both groups (p <0.05). However, there was no
statistically significant difference between the groups (n.s.). The congruence angle and patellar tilt angle were found to be
returned to normal values postoperatively, but there was no statistically significant difference between the groups (n.s.).
There was no statistically significant difference between the two groups in isokinetic dynamometric tests performed as 60°
flexion, 60° extension, 180° flexion and 180° extension (n.s.).

Conclusion The present study is the first that compared the clinical, radiological and functional results of the ST and DT
techniques to date. Regardless of the number of the tunnels, similar results were obtained in ST and DT reconstruction using
transpatellar tunnel technique.

Level of evidence Level 1.

Keywords Patellar dislocation - Patellar instability - Medial patellofemoral ligament reconstruction - Single-tunnel -
Double-tunnel

Introduction

Patellar instability is a common problem with a prevalence
>4 Niyazi Ercan of 6-77/100,000 [13]. The cause of recurrent patellar dislo-
niyaziercan@yahoo.com cation (RPD) is multifactorial, primarily due to changes in
Department of Orthopedics and Traumatology, Ankara Fhe joint geomf?try (troch.lear dysplasia), .rotational deform-
Training and Research Hospital, Ankara, Turkey ity, patellar height and ligamentous laxity [21]. However,
Department of Orthopedics and Traumatology, Ankara failure of the medial p'atellofemoral ligament (MPFL) has
University School of Medicine, Ankara, Turkey been defined as the main reason for RPD [3].

Department of Physical Therapy and Rehabilitation, The MPFL, which prevents lateral dislocation of the
Hacettepe University, Ankara, Turkey patella and provides approximately 60% restraining force,

@ Springer


http://orcid.org/0000-0001-7715-9798
http://crossmark.crossref.org/dialog/?doi=10.1007/s00167-020-06260-6&domain=pdf

Knee Surgery, Sports Traumatology, Arthroscopy (2021) 29:1904-1912

1905

is the most important soft tissue restrictor [10]. Injury is
almost always seen after the first dislocation [23]. Mag-
netic resonance imaging (MRI) studies and emergency sur-
gery explorations performed to knees with acute patellar
dislocation have shown MPFL injury in almost 100% of
these patients [34]. After the first dislocation, the risk of
recurrence is relatively high, and approximately half of
patients experience recurrent dislocations. Since patellar
instability recurrence occurs at rates of up to 50% fol-
lowing conservative treatment, surgical treatment is the
preferred method in patients with RPD [33]. Although
there are many surgical methods for recurrent patellar
instability, optimal surgical treatment is still controver-
sial. The most recent systematic studies have shown that
MPFL reconstruction is an effective procedure providing
good functional and subjective results with low recurrence
of patellar instability [12]. Various MPFL reconstruction
techniques have been described. In addition, there are
several options for graft selection, patellar and femoral
fixation. Although each has its own advantages and dis-
advantages, sufficient evidence has not been found about
their superiority over each other [18]. In a biomechanical
study, it was shown that tunnel reconstruction is stronger
than other techniques, has better structural features, and
there were no statistically significant difference with native
MPFL [21]. The number of studies evaluating the double-
tunnel (DT) and single-tunnel (ST) techniques are limited.
In two biomechanical studies, it was found that both ST
and DT techniques have similar stiffness, ultimate load
and elongation, and absorbed energy [9, 26]. In addition,
the DT technique has been shown to have a higher risk of
patellar fracture [8, 11]. Kang et al. addressed that MPFL
has two bundles consisting superior-oblique and inferior-
straight bundles [15]. For this reason, many authors argued
that double bundle (DB) MPFL reconstruction restores the
fan-shape of MPFL and is better in terms of biomechanical
and clinical results than single bundle (SB) MPFL recon-
struction [20, 26, 36]. However, in a recent systematic
review, the results have found similar and there were no
significant difference in terms of knee function, recurrent
subluxation and complications in both SB and DB MPFL
reconstruction [14].

There is not enough study to evaluate the results of ST
and DT techniques and their superiority to each other is
still unknown. The aim of the present study was to evalu-
ate the clinical, radiological and functional results of
patients underwent ST and DT MPFL reconstructions
with hamstring autograft following RPD. The hypothesis
of the study was that there would be no difference between
clinical, radiological and functional results in both ST and
DT MPFL reconstruction since we used transpatellar tun-
nel technique in both techniques. The present study is the

first that compared the clinical, radiological and functional
results of the ST and DT techniques to date.

Materials and methods

This was a prospective, randomized, controlled study. Insti-
tutional Review Board (IRB) approval was obtained from the
Ethics Committee of Ankara University School of Medicine
under the decision number (06-365-18) and all patients pro-
vided written informed consent. From a total of 113 patients
with symptomatic RPD or instability treated between 2013
and 2017, 80 patients who met the study inclusion criteria
were randomly assigned via a computer random generator
(http:// www.randomizer.org) to one of two different treat-
ment groups using blocks of 10 with an allocation ratio of
1:1. Sequentially numbered sealed opaque envelopes were
used to conceal the allocation. 40 patients underwent single
tunnel-MPFL reconstruction and 40 patients underwent dou-
ble-tunnel MPFL reconstruction. All patients were followed-
up for at least 2 years.

All the patients had recurrent patellar instability. Sympto-
matic RPD or instability was evaluated as at least two patel-
lar dislocations or persistent patellar instability for more than
3 months following the first dislocation despite conservative
treatment including isometric quadriceps exercises, straight
leg raises, and strengthening exercises providing vastus
medialis obliquus (VMO) stimulation [22]. Radiographs
(AP, lateral and Merchant views of the injured knee), com-
puted tomography (CT) and MRI were performed to all
the patients. Inclusion criteria were (1) at least two patel-
lar dislocations or patellar instability symptoms (pain, sub-
luxation, or both) continuing for more than 3 months after
the first dislocation, (2) positive patellar apprehension test,
(3) MPFL laxity on CT showing patellar external overflow,
and (4) failure of conservative treatment. Exclusion criteria
were (1) previous knee surgery, (2) Q angle > 20° in females
and > 17° in males, (3) greater trochlear angle > 145°, tuber-
ositas tibia- trochlear groove (TT-TG) distance > 20 mm, (5)
patella alta (Insall-Salvati index > 1.2), (6) concomitant other
ligament injuries. To ensure homogeneity of the groups, 33
patients who met these criteria and therefore required dis-
tal alignment corrective surgical procedures were excluded
from the study.

Surgical technique

All the operations were performed by a single surgeon.
With the patient in a supine position, prophylactic antibi-
otic was administered then a tourniquet was applied to the
thigh. The leg was stained and draped in standard surgical
manner. The patient was examined under anesthesia to con-
firm the diagnosis and to evaluate the degree of instability.
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Lateral retinacular release was not performed to any patient.
Diagnostic arthroscopy was performed and associated intra-
articular injuries were recorded. During arthroscopy, the
position of the patella relative to the trochlea was evaluated,
while the knee was fully extended. If the patella did not
overlap the trochlea (< 50% overlap with trochlea), patellar
subluxation diagnosis was confirmed [32]. Since there is a
need for a longer graft in the reconstruction with transpatel-
lar technique, MPFL reconstruction was performed to all
the patients (both single and double-tunnel) using ipsilateral
semitendinosus tendon autograft. The semitendinosus ten-
don was harvested in a usual fashion [7].

Reconstruction with a single tunnel

A single, 3—4 cm longitudinal incision was made between
the medial side of the patella and the adductor tubercle.
After opening the superficial fascia, the fan-shaped MPFL
was identified on the proximal two-thirds of the patella [1].
Then, a single tunnel was drilled, starting from the midpoint
of the medial border, without damaging the chondral sur-
faces and the anterior cortex. To determine the correct femo-
ral MPFL entry site, the radiographic method was used as
described by Schottle (Fig. 1) [31]. Then, a half tunnel was
drilled in the Schéttle point. The graft was passed through
the patellar tunnel and pulled back over the anterior surface
of the patella (Fig. 2). Both graft ends were transferred to
the femoral side between fascial and capsular part of the

Fig. 1 Schottle method (x. Posterior femoral cortex line, y. Posterior
femoral condyle line z. Blumensaat line)
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Fig.2 Drawings of the single-tunnel reconstruction technique. (a
anteromedial view, b axial view)

medial retinaculum [39]. The free graft ends were fixated
to the opened tunnel in Schottle point of the femur with a
bioabsorbable BioRCI interference screw (Smith & Nephew
Endoscopy, Andover, MA, USA) in approximately 30° of
knee flexion and in a suitable tensioning force. During the
procedure position of the patella, graft tension and patellar
trajectory with flexion extension movements were checked
arthroscopically.

Reconstruction with a double tunnel

As in reconstruction with a ST, we used the same single
incision and approach. Double tunnel which separated by
a 1 cm bone bridge were drilled, from the upper half of the
patella. The tendon graft was passed through the parallel
tunnels in a looped fashion (Fig. 3) [8]. The fixation method
of the femoral side was performed as in the ST reconstruc-
tion in approximately 30° of knee flexion and was checked
arthroscopically during the procedure.

Postoperative physical therapy and rehabilitation
program

Following MPFL reconstruction, the same physical therapy
and rehabilitation protocol was applied to all patients by the
same team. Active and passive assisted full range of knee
motion was started the day after MPFL reconstruction.
Weight bearing was gradually increased to full at 3 weeks
postoperatively. Jogging was permitted 3 months after recon-
struction. Return to sports was allowed 6 months postopera-
tively, following an evaluation of muscle strength.
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Fig.3 Drawings of the double-tunnel reconstruction technique. (a
anteromedial view, b axial view)

Evaluations

All the patients were evaluated preoperatively and at the
postoperative 24th month with the Kujala score, the IKDC
subjective score, the Lysholm score, the Tegner activity
score and the radiographs taken. Lateral radiographic view
for Insall-Salvati Index, Merchant radiographic view for
congruence and patellar tilt angle, CT for TT-TG distance,
Q and trochlear angle, MRI for MPFL injuries and other
intra-articular lesions were evaluated. All radiographs were
measured twice at an interval of 3 weeks by two orthopedic
surgeons to determine intra-observer and inter-observer reli-
abilities of the radiographic assessments. Intra-class corre-
lation coefficients (ICC) were calculated for intra-observer
and inter-observer reliabilities of all measurements. Intra-
observer ICCs for each observer were 0.94 and 0.93 and
interrater ICC was 0.91. The average values of two separate
measurements taken by a single investigator were used in
the analyses since these results showed that the reliability
of the measurement was excellent according to the criteria
of Winer [37].

Isokinetic strength test

Isokinetic data were obtained with an IsoMed 2000
dynamometer (D&R Ferstl GmbH, Hemau, Germany) at the
postoperative 24th month. The muscle strength measure-
ment was taken with 6 repetitions at 60°/s angular rate and
12 repetitions at 180°/s in both knees for separate evalua-
tion of hamstring activation (knee flexion) and quadriceps
activation (knee extension). The results of the operated side

were compared with those of the non-operated side and the
percentage deficit was recorded. All the calibrations and all
the tests were applied by the same operator.

Statistical analysis

An a priori power analysis was performed using G-Power
3.1.7 (Kiel University, Kiel, Germany). The estimated sam-
ple size was predicted as minimum 33 patients in each group
with significance level (alpha) of 0.05 and power (1-beta) of
0.95. Data obtained in the study were analyzed statistically
using SPSS version 22.0 software (IBM Corp., Armonk,
NY, USA). Conformity of the data to normal distribution
was tested. In the comparisons, the t test was applied to data
showing normal distribution and the Mann—Whitney U test
was applied to data not showing normal distribution. In the
comparison of two groups of nominal variables, the Chi-
square test was used. In the comparison of two groups of
time-dependent measurements, variance analysis and the
Friedman test were used. A value of p <0.05 was accepted
as statistically significant.

Results

All the postoperative evaluations were made by the same
surgeon. No infection, chronic effusion, synovitis or patel-
lar fracture was observed in any patient during the follow-
up period. No patellar redislocation or subluxation was
observed in any patient and all the patients were seen to
have regained full ROM.

There were 20 males and 20 females with a median age of
15 years (range 10-28), a median duration of symptoms of
5.5 months (range 1-47) and a median follow-up period of
46.5 months (range 24—74) in the ST MPFL reconstruction
group. There were 18 males and 22 females with a median
age of 19 years (range 14-29), a median duration of symp-
toms of 7 months (range 1-120) and a median follow-up
period of 40 months (range 24-74) in the DT MPFL recon-
struction group.

The demographic characteristics of the patients are shown
in Table 1.

Clinical results

Results of the clinical scores (Kujala, Lysholm, Tegner and
IKDC) for ST and DT groups are shown in Table 2. The
scores in both groups were determined to have statistically
significant increase at 24th month postoperatively compared
to the preoperative values (p <0.05). No statistically signifi-
cant difference was found between the groups (n.s.). When
the group—time interaction was examined, the effects of time
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Table 1 The demographic
characteristics of the patients

Table 2 Comparison of the
clinical scores

Patient characteristics Single-tunnel (n=40) Double-tunnel (n=40) p value
Gender (male/female) 20/20 18/22 n.s
Side (left/right) 30/10 30/10 n.s
Dominant side (left/right) 8/32 12/28 n.s
Age (years) (min.—max.) 15 (10-28) 19 (14-29) n.s
Follow-up period (months) (min.—max) 46.5 (24-74) 40 (24-74) n.s
Time to operation (months) (min.—max.) 5.5 (1-47) 7 (1-120) n.s
Number of subluxations (min.—-max.) 2 (1-10) 2 (1-9) n.s
Body mass index 25.3+4.6 254+4.2 n.s
Q angle (degrees) 13.2+2.7 13.9+3.0 n.s
Insall-Salvati index 1.1+0.1 1.0+0.1 n.s
Sulcus angle (degrees) 134.5+6.1 136 +6.4 n.s
TT-TG distance (mm) 145+1.7 142+2.1 n.s
Meniscus injury (medial/lateral) 12/0 18/2 n.s
Chondral injury 12 14 n.s
TT-TG Tibial tubercle—trochlear groove
Clinical scores Groups Time Statistical value
Preoperative Postoperative
24th month
Kujala score Single-tunnel 38.1+21.4 86.6+12 T: F(3.11)=123.47 p: <0.01
Double-tunnel ~ 40.5+22 88.2+9.3 G: F(1.38)=0.047 p: n.s
GxT: F(3.11)=0.16 p: n.s
Lysholm score Single-tunnel 48.3+20.4 89.2+9.2 T: F(3.11)=111.92 p: <0.01
Double-tunnel ~ 45+25.4 85+13.2 G: F(1.38)=0.35 p: n.s
GxT: F(3.11)=0.2 p: n.s
Tegner score Single-tunnel 4 (1-9) 5(3-9) T: F(3.11)=61.07 p: <0.01
Double-tunnel 5 (1-9) 6 (3-9) G: F(1.38)=0.15 p: n.s
GxT: F(3.11)=1.53 p: n.s
IKDC score Single-tunnel 47.4+18.8 70.3+18.7 T: F(3.11)=104.93 p: <0.01
Double-tunnel ~ 47+17.6 69.6+12.8 G: F(1.38)=0.02 p: n.s

GxT: F(3.11)=0.55 p: n.s

p p value, T time, G group, GxT group—time interaction

on the measurements were similar in both groups, with no
statistically significant difference (n.s.) (Fig. 4).

Radiological results

Results of the radiological measurements (congruence angle
and the patellar tilt angle) for ST and DT groups are shown
in Table 3. In the postoperative period, the congruence angle
and the patellar tilt angle in both groups returned to normal
values and the change was found to be statistically signifi-
cant (p <0.05). No statistically significant difference was
found between the groups (n.s.) (Fig. 5).

Functional results

At the postoperative 24th month follow-up examination, the
difference of muscle strength was compared between the two
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extremities in the isokinetic dynamometric strength tests at
60° flexion, 180° flexion, 60° extension and 180° extension.
Isokinetic functional results are shown in Table 4. No statis-
tically significant difference was found between the groups
in respect of the deficit in these four functions (n.s.) (Fig. 6).

Discussion

The most important finding of this study was that there was
no significant difference between the patients who under-
went ST or DT MPFL reconstruction in respect to clinical,
radiological and functional results. The number of tunnels
opened was not seen to have any effect on the knee functions
of the patients.

Recurrent patellar instability occurs as a result of
abnormal movement of the patella in the trochlea during
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Tegner Score IKDC Score
10 100
8 80
6 60
4 40
2 20
0 0
Preoperative Postoperative 24th month Preoperative Postoperative 24th month
BSingle-Tunnel ¥ Double-Tunnel BSingle-Tunnel ¥ Double-Tunnel

Fig.4 Kujala, Lysholm, Tegner and IKDC scores

Table 3 Comparison of the

8 R Radiological measurements  Groups Time Statistical value
radiological measurements

Preoperative  Postoperative
24th month

Congruence angle Single-tunnel ~ 12.4+8.9 —-3+4.6 p(B-A): n.s. p(C-B): n.s

Double-tunnel 11.4+105 —3.1+3.7  P(C-A):ns. p(D-B): n.s
p(D-A): n.s. p(D-C): n.s

Patellar tilt angle Single-tunnel ~ 23.4+4.5 12.5+29 T: F(3.11)=325.01 p: <0.01

Double-tunnel  22.7+3.9 123428 G:F(1.38)=0.11p: n.s
GxT: F(3.11)=0.14 p: n.s

p p value, T time, G group, GxT group—time interaction

Congruence Angle Patellar Tilt Angle

25 30
20 25
15 20
10 15
) 10
0 T 7 5
;s T

-10 ST o e Ty Preoperative Postoperative 24th month

B Single-Tunnel ¥ Double-Tunnel B Single-Tunnel ¥ Double-Tunnel

Fig. 5 Congruence and patellar tilt angle values
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Table 4 Comparison of the isokinetic functional results

Function Single-tunnel Double-tunnel p value
(n=40) (n=40)

60° flexion 14+14 4.6+21 n.s

60° extension ~ 21.9+29.3 22.3+21.7 n.s

180° flexion —-55+224 6.2+18.4 n.s

180° extension  20.8 +35.6 15.1+29 n.s

Flexion and Extension
Strength Deficit

60° flexion 60° extension 180° flexion 180° extension

Single-Tunnel ¥ Double-Tunnel

Fig. 6 Isokinetic functional results

the functional movement range because of a multifacto-
rial mechanism [2]. Treatment aims to correct underlying
abnormalities [6]. There are many surgical treatments for
recurrent patellar instability but the optimal surgical treat-
ment is a matter of debate. By improving clinical results,
MPFL reconstruction is an effective method to regain patel-
lar anatomy and function [27]. Nevertheless, debate contin-
ues on the subject of graft and surgical technique selection.
Several reconstruction procedures have been described [16].

Transpatellar tunnel technique was preferred for both ST
and DT MPFL reconstruction since in a recent biomechani-
cal study demonstrated that suture anchor reconstruction
was significantly weaker than the native MPFL and tunnel
technique had the similar strength with native MPFL. This
was shown as evidence not to use other reconstruction tech-
niques, especially direct sutures or anchor fixation, which
have been reported as the weakest repair [21].

In the present study, it was found that there were no
significant differences in terms of Kujala, Lysholm, Teg-
ner and IKDC scores between the ST and DT groups. In a
study which compared SB and DB MPFL reconstructions
using single and double patellar tunnel fixations, respec-
tively, the DB group was found to have better functional
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results especially in the long term. Patellar instability was
found 26.9% in the SB group and 4.5% the DB group [35].
In another study, DB group had significantly higher post-
operative Kujala and IKDC scores compared to SB group.
But postoperative Lysholm and Tegner scores were not sig-
nificantly different [17]. On the contrary, Kang et al. found
that there were no significant differences in terms of knee
function, recurrent subluxation or dislocation and complica-
tions in 1,063 patients underwent SB and DB MPFL recon-
struction [14]. Similarly, in another study, there were no sig-
nificant differences between SB and DB groups in Kujala,
Fulkerson and SF-36 questionnaire scores postoperatively
at long-term follow-up [4]. This shows that both ST and
DT techniques have similar improvements in knee function.

Radiological measurements were found to be significantly
improved postoperatively in both groups and there were
no significant differences both in congruence and patellar
tilt angles between groups. Li et al. showed similar results
except for patellar tilt angle in a study that compared SB
and DB reconstruction. DB group showed a significantly
decreased patellar tilt angle [17].

The present study showed that when the mean strength
values were examined, with the exception of the ST 180°
flexion strength, the operated side was seen to have lost
strength compared to the non-operated side in both ST and
DT groups. Isokinetic test results following MPFL recon-
struction are limited. Ronga et al. evaluated isokinetic data at
mean 3.1 years after isolated MPFL reconstruction, and all
the data of the operated extremity were found to be consist-
ently weaker compared to the non-operated extremity [28].
Oliva et al. found similar findings in skeletally immature
patients [24]. Unlike these previous findings, it was seen that
in some patients the operated side had the same strength as
the non-operated side and in some cases there were better
results. Nevertheless, there were no significant differences
between the groups.

The semitendinosus graft was used, especially in patients
who underwent double-tunnel reconstruction, to obtain
appropriate length in the present study. In a recent study, it
was shown that semitendinosus graft had better scores than
gracilis tendon graft [19]. In a recent study by Yoo et al.
based on CT analysis, the best angle for MPFL reconstruc-
tion was shown to be approximately 30° knee flexion [38].
This supports the decision in the present study for fixation
of the graft at approximately 30°.

The ST and DT reconstruction methods have some com-
mon advantages. Due to the transpatellar tunnel technique,
there is no need for the use of additional material for patel-
lar fixation and anatomic healing would be more rapid.
Although reported in other studies, there was no case of
patellar fracture in the present study [8, 30]. Because of the
two tunnels in the DT technique, the risk of patellar fracture
is greater than the ST technique. Therefore, as there was no
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difference between the two groups in the present study, it
may be more appropriate to perform MPFL reconstruction
with a ST technique to minimize the risk of fracture.

The present study has several limitations. First, there
were no preoperative isokinetic strength data and evalua-
tion of generalized ligamentous laxity. Permission was not
granted by the Ethics Committee to perform preoperative
muscle strength tests on patients with recurrent patellar dis-
location, since it was thought that performing the test on
the injured knee would have required extra effort and would
have damaged the tissues more. Furthermore, postoperative
joint effusion of the knee may limit the value of such data
by reducing the isokinetic and isometric muscle strength
of the vastus medialis and lateralis muscles [25]. Although
Runow showed that there was a relationship between patellar
dislocation and hyperlaxity, Atkin et al. found that there was
no relationship between unilateral patellar dislocation and
hyperlaxity [5, 29]. Second, more sophisticated radiological
evaluations of limb-length alignment and the angular and
rotational profile of the lower extremity and knee was not
performed. It was considered inappropriate to over-investi-
gate these patients since radiographs (AP, lateral and Mer-
chant views of the injured knee), CT and MRI were already
performed.

To date, the superiority of ST and DT techniques to each
other in MPFL reconstruction remains unclear. The present
study showed that both techniques had similar clinical, radi-
ological and functional results. This should be considered
when selecting the ST or DT techniques for MPFL recon-
struction in clinical practice. Based on the current study
findings, the feasibility and encouraging results confirm the
application of ST technique in the day-by day clinical work.

Conclusion

The present study is the first that compared the clinical,
radiological and functional results of the ST and DT tech-
niques to date. Regardless of the number of the tunnels simi-
lar results were obtained in ST and DT reconstruction using
transpatellar tunnel technique. Unlike previous studies, the
present study shows that ST technique seems to be a good
alternative of DT technique.
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