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Fig. 3A-B Radiographs of a case with previous improperly placed
tunnels (Case 3 in table 1). (A) Posteroanterior 45° flexion weight-
bearing view; (B) lateral view. The primary surgery had been
performed with a hamstring tendon graft through two- high femoral
tunnels (*) and a single central tibial tunnel (dotted line). Note two
residual Endobuttons used for femoral fixation at the time of primary

[2, 14, 37]. However, we recommend grafting over the top
of the lateral condyle for those with severe tunnel widening
around the original femoral attachment (Fig 7).

On the tibial side, a tunnel placed too anteriorly is easily
revisable, whereas a tunnel placed too posteriorly is not.
For the latter, the direction of the tunnel should be changed
to obtain a new posterior tunnel wall of fresh cancellous
bone using a divergent tunnel technique (Fig. 3). This
should help the graft to heal to the tunnel wall and resist
anterior tibial force. With a tunnel malpositioned by 1 cm
or less posteriorly, it may be reasonable to reuse the same
tunne] aperture, to avoid merging the two tunnel apertures.
When the posterior malpositioning exceeds 1 cm, however,
the previous tunnel may be filled with a bone graft or its
substitute.

Femoral graft fixation is usually achieved with a 6-mm
interference screw (Fig. 3), although additional cortical
suspensory fixation may be considered if the fixation is
questionable as a result of the previous tunnel.

Tibial fixation is achieved with a modified pullout suture
technique using DSP (Double Spike Plate; Smith-Nephew
Endoscopy, Andover, MA) and a screw. This technique
makes it possible to fix the graft under a predetermined
amount of tension [34].

ACL reconstruction (ACLR) (dotted arrow). A rectangular new
femoral tunnel was created in a proper place, whereas the direction of
the tibial tunnel was changed to obtain a new tunnel wall of fresh
cancellous bone. Note the solid lines of the new tibial tunnels and
fixation hardware on the femur and the tibia. The circles show the
aperture locations of the new properly placed tunnels.

The knee is immobilized in 10° flexion for 1 week with
a brace for BTB grafts, whereas the immobilization is
continued up to 2 weeks for SMT grafts. After that, passive
and active ROM exercises are followed. Partial weight-
bearing is allowed at 2 to 3 weeks followed by full
weightbearing at 4 to 5 weeks. Full extension or flexion
exceeding 130° is not permitted until 5 weeks. Jogging is
recommended at 3 to 4 months. Return to strenuous
activity is not aliowed until 6 months.

Patients and Methods

From June 2004 to December 2008, we treated 31 patients
with failed ACLR using the described technique. Our indi-
cations for revision ACLR were (1) subjective instability or
giving way during strenuous activity or daily activities; (2)
positive Lachman and pivot shift tests; and (3) more than
3 mm side-to-side difference with KT-1000 at maximum
manual force. The contraindications were: (1) arthrofibrosis:
ROM deficit such as an extension or flexion deficit
exceeding 10° (2) deep infection; and (3) severe osteoar-
thritis. In one patient with massive bone loss, we chose the
graft fixation over top of the lateral femoral condyle; this

@ Springer



846  Shino et al.

Clinical Orthopaedics and Related Research®

Fig. 4A~E A case with previous proper rectangular tunnels (Case 12
in Table 1). (A) Arthroscopic view of the previous femoral tunnel was
densely filled with tendon and bone plug; (B) arthroscopic view of the
new rectangular femoral tunnel recreated in the same place as that in
the previous surgery. The bone-pateilar tendon-bone (BTB) graft
from the contralateral side was introduced through the same
rectangular tibial tunnel after curettage, and the bone plug was fixed

patient was excluded. We also excluded 12 patients who
were lost to followup between 1 and 18 months. This left 18
patients’ one of whom was excluded because of retear of the
graft at 28 months. Thus, the remaining 17 with a mean
followup of 38 months with a range from 24 to 73 months
were evaluated (Table 1). There were 10 male and seven
female patients with a mean age at the revision of 23 years
(range, 15-34 years). The mean time from diagnosis of the
failure to revision was 2.3 months. No patients were recalled
specifically for this study; all data was obtained from
medical records and radiographs.

Our followup routines recommended to patients are as
follows: (1) a monthly examination including ROM and
Lachman and pivot shift tests up to 12 months; (2) exam-
ination every 3 months after 12 months to 24 months; (3)
examination and plain radiographs at 24 months; and (4)
annual examinations from 24 to 60 months. At each
examination we completed the IKDC evaluation form [21]
and obtained laxity measurement with KT-1000 (MED-
metric Corp, San Diego, CA). There were no missing data
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to the femoral tunnel with an interference screw. (C) Arthroscopic
view of BTB graft in situ after fixation. () Three-dimensional CT of
the lateral femoral condyle at 4 weeks after the revision. Note the
bone plug fixed with an interference screw (dotted arrow) inside the
femoral tunnel; (E) three-dimensional CT of the tibial plateau. Note
the bone plug located medially inside the properly placed tibial
tunnel.

from these examinations. Radiographs were taken at fol-
lowup between 24 and 60 months in 17 patients in whom
we obtained the following views: 45° posterior-anterior
flexion weightbearing view, lateral view at 90°, and Mer-
chant view.

Results

The femoral tunnel could be created in the center of the
anatomic attachment area in 30 of the 31 patients using
the RT ACLR technique, whereas the technique could not
be applied in one (Fig. 7). The tibial tunnel was suc-
cessfully created within the tibial attachment area in 29 of
the 30 patients, whereas the remaining one required bone
grafting to fill out the previous tumnel because of its
posterior location. None of the patients underwent staged
surgeries.

Of the 18 patients followed for a minimum of
24 months, none reported giving way or subjective
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Fig. SA-E A case with previous properly placed tunnels for double-
bundle graft (Case 16 in Table 1). (A) Arthroscopic view of the
hamstring graft resulting from stretch-out; (B) arthroscopic view of
the rectangular femoral tunnel aperture created by dilation after graft
removal. The bone-patellar tendon-bone (BTB) graft was introduced
through the rectangular tibial tunnel created by dilating the previous
two tunnels, and the bone plug was fixed to the femoral tunnel with a

7-mm interference screw. (C) Arthroscopic view of the revision BTB
graft in situ. Note the interference screw used for femoral fixation
(dotted arrow). (D) Three-dimensional CT at 4 weeks after the
revision showing the bone plug fixed with an interference screw
inside the femoral tunnel; (E) three-dimensional CT at 4 weeks
showing the bone plug located medially inside the tibial tunnel.

Fig. 6A-C An illustrative case with previous improperly placed
tunnels using a hamstring tendon graft. (A) A lateral radiograph
showing an improperly placed anterior femoral and slightly posterior
tibial tunnels (dotted lines); (B) arthroscopic view through the
anteromedial portal of the femoral attachment area. Dotted circle
shows the previous anterior femoral tunnel aperture, whereas the
probe tip denotes the new properly placed tunnel aperture. Note there

instability. One patient had a tear of the graft at 28 months.
Of the remaining 17 patients, 11 were classified as normal
and six were categorized as nearly normal by the IKDC
evaluation form. Quantitative anterior laxity measurement

is no overlapping tunnels; (C) a new bone-patellar tendon-bone
(BTB) graft was introduced and fixed with an interference screw.
Note more than 5-mm distance between the previous tunnel aperture
(dotted circle) and the anterior border of the new tunnel. Unfortu-
nately, this patient had undergone an accident leading to femoral bone
plug slippage out of the tunnel at 3 weeks and had further surgery to
refix the bone plug.

with KT-1000 showed the mean side-to-side difference at
maximum manual drawer force improved to 1.0 & 1.5 mm
with a range from —1 to 4 mm. Fifteen of the 17 patients
had no loss of motion or effusion, while the other two
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Fig. 7A-B An illustrative case
with bone absorption. (A) CT of
the right knee before revision.
Note the severe bone absorption
around the anatomic femoral
attachment (dotted line); (B) post-
operative  lateral  radiograph
showing femoral graft fixation
over top of the lateral condyle.

patients had mild pain and swelling after strenuous activity
and showed loss of 5°flexion (Cases 8, 17). Two had a
mildly positive Lachman sign with a firm end point and
pivot shift test (Cases 1, 2), whereas the remaining 15 were
negative on both tests. Of the 12 patients lost to followup at
13 months ranging from 1 to 18 months, none reported
subjective instability, limitation of motion, or pain on daily
activities at the last examination according to the medical
record (Table 2).

One patient sustained a tear of the revision graft and
underwent a second revision ACLR with the ipsilateral
QTB graft and was not listed in Table 1. Anotherl7-year-
old male patient had a fall with the knee hyperflexed,
resulting in femoral bone loosening from the tunnel at
3 weeks and underwent refixation of the bone plug. He
resumed soccer by 8 months, was playing soccer without
instability as of 13 months, and was lost to followup
thereafter (not listed in the table) (Fig. 6).

Discussion

Revision ACLR is technically difficult because of pre-
existing tunnels in the primary ACLR. Recent published
studies suggest the femoral ACL attachment area is
crescent-shaped with a maximum width of less than 1 cm
[9, 22, 31]. The rectangular tunnel aperture of 5-mm width
(50 mm? in cross-sectional area) in the RT ACLR as well
as the two-tunnel technique is advantageous compared with
a single round one of 10 mm (79 mm? in cross-sectional
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area) to avoid overlapping tunnels at the time of revision
ACLR [43, 45]. The femoral tunnel was created in the
anatomic center of the attachment area in 97% of our
series. In addition, the RT ACLR technique is useful to
revise failure after double-bundle ACLR in which two
tunnels were properly created along the long axis of the
ACL attachment areas. A new rectangular tunnel can be
easily created by dilating previous two tunnels (Fig. 5).

We acknowledge limitations of our study. First, we
located only 18 of the 30 patients (60%) for followup
examination at 24 months or longer. Thus, our observa-
tions may not represent those for the larger group. Second,
the followup evaluation was performed retrospectively.
Third, the minimum followup was relatively short. How-
ever, we found the procedure reliably restored stability
without substantial loss of motion.

A number of reports describe revision ACLR through a
single round tunnel using various kinds of graft including
autogenous hamstring, BTB, QTB, or allograft (Table 3).
In these studies, 2.1% to 8.2% of the patients showed side-
to-side differences in KT measurement greater than 5 mm,
whereas none of the patients in our series had values
greater than 5 mm or a 2+ pivot shift [44]. Comparing
IKDC scores of their studies with those of ours, their
results showed 56% to 93% of patients were in the A or B
category, whereas 100% of our patients were classified into
these categories. Loss of ROM exceeding 5°was reported -
in 2% to 4% of the patients in several studies [25, 29, 32],
whereas no patient lost ROM exceeding 5° in the current
study. One possible explanation for this difference could be
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Table 1. List of patients with a followup of 24 months or longer

Patient Age at Followup Time from Diagnosis of Cause for Preoperative  Grafts for Meniscal Previous Previous tunnel aperture position
number revision (years) first ACL graft failore  revision KT (mm) revision injury at grafts -
(years) reconstruction to revision revision At the tibia At the femur
to revision (years) (months)
1 22 6.1 24 12 New trauma 10 BTB LM SMT Anatomic x 2 Anatomic x 2*
2 16 5.8 1.8 0.5 New trauma 4 BTB None SMT Anatomic x 2 Anatomic x 2%
3 34! 5.7 5.9 4.0 New trauma 4 BTB None SMT Anatomic x 1 High x 2
4 21 2.1 2.1 1.7 Technical failuore 6 BTB LM SMT Posterior x 1 High, anterior x 1
5 21 2 2 1.4 Technical failure 16 BTB MM SMT Posterior x 1 High, anterior x 1
6 17 2 1.7 29 New trauma 5 BTB None SMT Anatomic x 2 Anatomic x 2%
7 20 2 0.4 33 New trauma 10 SMT LM BTB Anatomic x 1 Anatomic x 1
8 32 33 3.8 15 New trauma 12 BTB LM SMT Anatomic x 2 Anatomic x 2*
9 34 3 8 2.1 Technical failure 5 QTB None BTB Posterior x 1  High, anterior x 1
10 15 2 1 3.5 New trauma 7 BTB None SMT Anatomic X 3 Anatomic x 2%
11 22 2 2.3 2.3 New trauma 9 BTB LM BTB Anatomic x 1 Anatomic x 1
(contralateral)
12 19 2.2 8.3 1.9 New trauma 5 BTB None BTB Anatomic x 1 Anatomic x 1
‘ (contralateral)
13 20 53 2 4.7 New trauma 12 BTB None SMT Anatomic X 2 Anatomic x 2*
14 19 35 1.1 1.5 New trauma 7 BTB MM SMT Anatomic x 3 Anatomic x 2¥
15 28 2 11.5 1.8 New trauma 4 BTB MM + LM SMT Anatomic x 1 High x 2
16 28° 5 3.5 2.0 New trauma 5 BTB MM SMT Anatomic X 2 Anatomic x 2%
17 18 55 23 25 New trauma 4 BTB None SMT Anatomic x 2 Anatomic X 2
Mean + SD 227 +62 3517 35£31 23+ 1.1 NA 74 + 3.6 NA NA NA NA NA

IFig. 3; *Fig. 4; *Fig. 5; * anterior widening of femoral tunnel aperture; BTB = bone-patellar tendon-bone autograft; QTB = quadriceps tendon-bone autograft; SMT =

two double-looped

semitendinosus tendon autograft; KT = side-to-side difference at manual maximum force with KT-1000 arthrometer; NA = not applicable; MM = medial meniscus; LM = lateral meniscus;

contralateral = contralateral leg.
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Table 2. Results of the patients with a followup of 24 months or longer

Patient Loss of ROM KT (mm) IKDC Complaints
number at followup —
Subjective assessment Sports activity level
1 None 4 Normal 2 None
2 None 3 Nearly normal 2 None
3 None 1 Normal 3 None
4 None 1 Nearly normal 1 None
5 None 2 Normal 3 None
6 None 1 ~ Normal 1 None
7 None 1 Normal 4 None
8 5° flexion 0 Nearly normal 1 Mild pain,
swelling after
strenuous activity
9 None 1 Normal 4 None
10 None 2 Nearly normal 4 None
11 None 1 Normal 4 None
12 None -1 Normal 1 None
13 None 2 Normal 3 None
14 None -1 Normal 4 None
15 None -1 Nearly normal 3 None
16 None 2 Normal 1 None
17 5° flexion -1 Nearly normal 3 Mild pain,
swelling after
strenuous activity
Mean &+ SD NA 1.0+15 NA NA NA

KT = side-to-side difference at manual maximum force with KT-1000 arthrometer; IKDC = International Knee Documentation Committee
score; NA = not applicable.

Table 3. Published results of revision ACL reconstruction

References Graft (%) ROM KT Failure IKDC RTP

- ; ; - (%) AB (%)

Hamstring BTB QTB Allograft Extension Flexion Mean > 2+ pivot (%)
) loss > 5° loss >5° (mm) 5 mm shift (%)
(%)

Diamantopoulos et al. [11] 42.1 383 196 0 - - 0.9 6.6 10.3 - 579 -
Ferretti et al. [12] 100 0 0 0 0% - 25 7.1 7.1 10 929 -
Salmon et al. [32] 100 0 0 0 4% 4% 2.5 8.2 6.1 10 56 70
Weiler et al. [44] 100 0 0 0 - - 22 2.1 42 6 91.7 -
Noyes and Barber-Westin [26] 0 100 0 0 3.6% 0% 22 22 22 24 58
Garofalo et al. [16] 0 0 100 0 0% - 3.1 3 0 - 93 93
Noyes and Barber-Westin [25] 0 0 100 0 ~ - 2 19 19 19 81 714
O’ Neill [29] 44 52 0 0 2% - - 6 - 6 84 75
Denti et al. [10] 61.7 383 0 0 - - - 10 - - 833 78
Battaglia and Miller [6] 15.9 476 48 317 - - 39 21 - 25 71 59
Ahn et al. [1] 37 3 0 26.8 - - 15 3.6 0 - 732 -
Grossman et al. [18] 0 207 0O 79 - - 2.8 34 0 - 793 80
Thomas et al. [41] 69.4 306 0O 0 - - 14 5 2 - -
Fox et al. [14] 0 0 0 100 - - 1.9 6 3 6 93 -
Shino et al. (current study) 6 8 6 0 0% 0% 1.1 0 0 58 100 70.6

KT = side-to-side difference at manual maximum force with KT-1000 arthrometer; IKDC = International Knee Documentation Committee
score; RTP = return to play sports. .
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attributed to femoral tunnel location or distance in its
aperture between the primary ACLR and the revision. The
ACL femoral attachment area is located in the superior-
posterior margin of the lateral wall of the notch and less
than 10 mm in width, as shown in recently published
studies [9, 13, 15, 20, 22, 31, 39]. We have been consis-
tently locating femoral tunnel aperture inside the
attachment area [39] (Figs. 4, 5). Furthermore, a femoral
tunnel with 5-mm wide rectangular aperture in RT ACLR
might have made it possible not only to avoid overlapping
tunnels, but to leave more space between the previous
improperly placed tunnels and the new tunnels (Fig. 6).

With this procedure, grafts with or without bone plugs
may be used. In some countries (including Japan) allograft
tissue is not available owing to cultural philosophy. Thus,
our principle graft choice for revision has been the BTB
graft from the contralateral knee after the primary ACLR
with the ipsilateral BTB graft or from the ipsilateral BTB
graft if it had not been used for the primary ACLR.
However, the BTB graft may not be appropriate for every
patient. For example, some judo wrestlers would not accept
graft harvest from the contralateral knee. They prefer an
unbalanced dominant leg to well-balanced bilateral legs
because of their sport. For these patients, the RT technique
could be used with SMT if the double- or triple-bundle
procedure could not be applied because of pre-existing
tunnel(s). In contrast, rugby or American football players
may be willing to have a BTB graft harvest from the
contralateral limb.

One of our patients had a fall with the knee hyperflexed,
resulting in femoral bone plug slippage out of the tunnel in
the early postoperative period. Because the bone quality is
attenuated and the previous tunnel is close to the new one
in many revision cases, additional cortical fixation may be
considered in addition to the interference screw fixation.

The rectangular tunnel technique restores function and
stability in the short-term in most patients.
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Norimasa Nakamura » Ryohei Takeuchi » Takeshi Sawaguchi * Hiroyuki Ishikawa ¢ Tomoyuki Saito « Sabine Goldhahn

Abstract

Background In Japan, only few cross-culturally adapted, internationally used orthopaedic
patient self-assessed outcome scores are available. In addition, the high incidence of knee
osteoarthritis (OA) suggests the need for validated outcome measures such as the widely used
Knee Injury and Osteoarthritis Outcome Score (KOOS) for Japanese populations. The
purpose of this study was to provide a crossculturally adapted and validated KOOS
questionnaire for further use in national and international clinical projects involving Japanese
patients.

Methods The Japanese KOOS was developed according to the standard cross-cultural
adaptation guidelines. For validation, the KOOS was tested on 58 patients diagnosed with
OA. Reliability was tested using the intraclass correlation coefficient (ICC). Internal
consistency or homogeneity was assessed using Cronbach’s alpha. Construct

validity was evaluated by quantifying the correlation between the KOOS and the Japanese
OKS and SF-36 questionnaires with Spearmann’s correlation coefficients.

Results No major difficulties were encountered during the translation and pre-testing stages.
All five KOOS subscales showed adequate reproducibility with ICC values greater

than 0.85, high internal consistency with Cronbach’s alpha values around 0.90, and high
Spearmann’s coefficients over 0.50 signifying good correlation between the KOOS subscales
and the OKS as well as the majority of the established subscales of the SF-36. No floor and
ceiling effects were observed for the five subscales.

Conclusions Our validated Japanese KOOS is a reliable and stable outcomes measure that
provides a valuable basis for national and international clinical projects focusing on patient-
based assessments in knee OA.

Contact information regarding the Japanese version of KOOS:
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Abstract

Purpose Medial patellofemoral ligament (MPFL) recon-
struction has been performed to treat recurrent patellar
dislocation. However, the effects on patellar tracking have
not been well documented, particularly in patients. The
purpose of this study is to compare patellar tracking pattern
and chondral status at MPFL reconstruction with those at
second-look arthroscopy.

Methods Between 1999 and 2008, 71 patients with
recurrent patellar dislocation underwent MPFL recon-
struction using a double-looped semitendinosus tendon. Of
these, 25 knees in 24 patients underwent second-look
arthroscopy (at 626 months after initial surgery), forming
the subject for the present study. No other surgical proce-
dures such as tibial tuberosity transfer, lateral release, or
osteotomy were performed in any patients. To assess the
patellar tracking pattern, the position of the patella on
femoral groove was evaluated arthroscopically during
passive knee motion through lateral suprapatellar portal.
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Results Before MPFL reconstruction, the patella in all
patients was shifted laterally throughout the entire range of
knee motion. Immediately after MPFL reconstruction,
patellar malalignment was corrected in all cases. On sec-
ond-look arthroscopy, two different patellar tracking pat-
terns were observed. In 9 knees, the patella was located on
the center of the femoral groove throughout the range of
motion. Meanwhile, in the remaining 16 knees, the patella
was shifted laterally at knee extension and migrated to the
center of femoral groove with increased knee flexion. No
significant deteriorations in chondral status were seen on
second-look arthroscopy.

Conclusion The present study revealed that not all
improved patellar trackings after MPFL reconstruction
remained intact at follow-up. Chondral status in patellofe-
moral joint was not aggravated by MPFL reconstruction.
Level of evidence Therapeutic studies, Level IV.

Keywords Lateral patellar dislocation - Medial
patellofemoral ligament reconstruction - Second-look
arthroscopy - Patellar tracking pattern - Chondral status

Introduction

Recurrent lateral patellar dislocation, subluxation and
functional instability commonly occur in patients with
various combinations of predisposing factors, such as
general joint laxity, abnormal Q angle, abnormal patellar
morphology, femoral trochlear aplasia, and patella alta [3,
16, 30]. Movement of the patella thus varies between
individuals [40]. The importance of the medial patellofe-
moral ligament (MPFL) as the primary soft-tissue restraint
to lateral displacement of the patella has recently been
corroborated by several studies [5, 7, 9, 17], and the MPFL
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is always injured to some extent during traumatic lateral
patellar dislocations [20, 29]. Many operative techniques to
reconstruct the MPFL have been described [2, 8, 23, 25, 35,
37]. Good midterm clinical results with up to 97% patient
satisfaction and up to 10 years follow-up have been
reported [31, 38], and MPFL reconstruction has become the
first choice for treating recurrent patellar dislocation.
Several reports have described the good effects of MPFL
reconstruction on patellofemoral kinematics and contact
pressure [4, 14, 26, 33, 34]. However, all these studies used
normal cadaveric knees and examined only just after
MPFL reconstruction. In many knee ligament reconstruc-
tion surgeries such as anterior cruciate ligament recon-
struction, posterior cruciate ligament reconstruction, and
medial collateral ligament reconstruction, biomechanical
properties of implanted grafts are known to change with the
effects of stress relaxation and graft remodeling [1, 42].
Although such physiological factors may also be relevant
to MPFL reconstruction, it is unknown whether the
restored patellar maltrackings remain intact for a long
while, particularly in practical patients with a variety of
predisposing factors. Furthermore, no previous reports
showed clearly whether MPFL reconstruction improved or
damaged the patellofemoral articular surface. The purpose of
the present study was to investigate whether the patellar
tracking restored by MPFL reconstruction is maintained for a
long time, comparing the patellar kinematics of patients at
MPFL reconstruction with that at second-look arthroscopy.
To evaluate the effect of MPFL reconstruction on patellofe-
moral joint surfaces, chondral status at second-look arthros-
copy was also compared with that at initial surgery. The
hypothesis of the present study was that the patellar tracking
pattern at second-look arthroscopy might differ from that
immediately after MPFL reconstruction, and MPFL recon-
struction did not aggravate the articular surfaces.

Materials and Methods

Between 1999 and 2008, 71 patients underwent MPFL
reconstruction using a double-looped semitendinosus ten-
don at our hospital. All patients were diagnosed with
recurrent or habitual patellar dislocation by physical
examinations, with positive apprehension sign in all cases.
Four patients with a history of prior knee surgery (medial
tubercle transfer in two, lateral retinaculum release in two)
were excluded from the present investigation. In the present
study, 24 patients (25 knees; 18 women, 6 men) underwent
second-look arthroscopy at median of 13.2 months post-
operatively (range, 6-26 months). Median age at the time of
MPFL reconstruction was 22.7 years (range, 13—43 years).
Prior to MPFL reconstruction, informed consent was
obtained from all patients for hardware removal with

_@ Springer

simultaneous second-look arthroscopy 1 year after the ini-
tial surgery. The surgery was performed only when the
patient was willing to undergo the procedure at postopera-
tive follow-up.

Surgical Technique

All reconstructions were performed using a modified “dual
tunnel medial patellofemoral ligament reconstruction”
technique reported by Toritsuka et al. [39]. First, chondral
status and patellar tracking were carefully evaluated by
arthroscopy. A semitendinosus autograft was then har-
vested through a 3-cm incision over the pes anserius. The
semitendinosus tendon was exposed and released from
muscle using a tendon stripper. The distal end (17 cm) of
the tendon was used and was doubled over. Both free ends
of the graft were connected with a No. 3 braided polyester
suture using Krackow suture technique.

A small 1-cm incision was made on the lateral side of
the patella, and a skin incision of approximately 5 cm in
length was made from the medial patellar edge to the
medial femoral epicondyle. With the patella reduced in the
femoral groove, the distance between the two anatomical
insertions of MPFL was measured, and the exact length of
the tendon was determined. Two guidewires were trans-
versely inserted, one from proximal one-third of the medial
edge of the patella and another from the center of the
patella. Patellar guidewires were overdrilled using a 4.5-
mm cannulated reamer to create sockets 15 mm in depth
(Fig. 1). Care was taken not to violate the chondral surface
or the anterior cortex of the patella. Until 2003, patellar
bone tunnels were created from the medial to the lateral

Fig. 1 Schematic view of MPFL reconstruction
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side of the patella using a 4.5-mm cannulated reamer.
However, the bone tunnel technique was changed to a bone
socket technique in 2003 after one patient suffered patellar
fracture in relation to bone tunnel procedure 2 months after
MPFL reconstruction. Another guidewire was inserted
from superoposterior portion of the medial femoral epi-
condyle toward the proximal cortex of the lateral femoral
condyle. The guidewire was overdrilled with an EndoButton®
drill (Smith & Nephew Endoscopy, Andover, MA), and 5- to
6-mm socket was drilled to a depth of 20 mm at the ana-
tomical femoral insertion of the MPFL (Fig. 1).

The center of the graft was pulled into the femoral
socket to a depth of pre-determined length and was fixed
using an EndoButton® on the proximal cortex of the lateral
femoral condyle. The two free ends of the graft were pulled
into the bone sockets of the patella, and the two No. 3
braided polyester sutures connected to the graft were fixed
by an EndoButton® on the lateral side of the patella at 45°
of knee flexion. At this time, care was taken not to over-
tense the graft. After fixation of both sites, negative manual
lateral dislocation of the patella was confirmed and patellar
tracking was then evaluated arthroscopically (Fig. 1).

Postoperative Management

For 2 weeks after MPFL reconstruction, the knee was
immobilized with a brace at 45° of knee flexion. After the
brace was removed, passive- and active-assisted range of knee
motion was started. Weight bearing was gradually increased
to full at 4 weeks postoperatively. Running was allowed at
3 months, followed by a return to previous sporting activity at
6 months.

Evaluation

All patients were evaluated preoperatively, postopera-
tively, and by second-look arthroscopy. Clinical data
included the incidence of recurrent subluxation and dislo-
cation, lateral patellar hypermobility [21], lateral patellar

Fig. 2 Measuring methods on
radiograph. a 30° skyline view.
Lateral tilt angle was defined as
an angle with line A to B.

b Merchant view. C congruence
angle, D sulcus angle

apprehension, and Kujala score [22]. Radiographs of the
knee, including a conventional anteroposterior view, lateral
view, 30° skyline view, and Merchant’s view, were taken at
each of the three time points. The skyline view was used
for measuring lateral tilt [12], and Merchant’s view was
used for measuring congruence angle [27] (Fig. 2). Insall-
Salvati ratio at the three time points was measured on the
lateral view [19]. Arthroscopically, patellar tracking was
evaluated at 0° through 60° of knee flexion through a lat-
eral suprapatellar portal. A median ridge of the patella
located above the middle third of the femoral groove was
defined as “centrally located”, while a ridge located lateral
to the middle third of femoral groove was defined as
“laterally shifted”. Evaluation of patellar movement was
repeated three times, and it was confirmed that patellar
tracking pattern was same in each time. Patellar trackings
were recorded on video disc and verified by two skilled
orthopedic surgeons postoperatively. Chondral status of
patellofemoral joint according to the Outerbridge classifi-
cation was also evaluated at initial surgery and second-look
arthroscopy. The view during arthroscopic operations was
kept clear by means of irrigation and tourniquet. The
pressure of irrigation fluid was set to 40 mmHg, and the
pressure of air tourniquet was set to 300 mmHg.

Statistical analysis
Statistical analysis was performed using the paired r-test,
one factor analysis of variance, Mann—-Whitney U test, and

the Wilcoxon rank-sum test. Values of P < 0.05 were
defined as significant.

Results

No patient reported re-dislocation of the patella in the
follow-up period. All patients showed full range of motion
at the time of second-look arthroscopy. One patient, who
had not been allowed to return to sports activity, had
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suffered patellar fracture during badminton 2 months after
MPFL reconstruction and underwent open reduction and
internal fixation. In terms of passive patellar hypermobility,
abnormal lateral patellar movement was found in all cases
preoperatively. At final follow-up, all patellae were firmly fixed
on the femoral groove and no abnormal hypermobility was
found in any case. While 22 knees showed clear improvements
in apprehension sign, positive results were still evident in 3
cases. Median Kujala score improved from 73 (66-82) pre-
operatively to 95 (85-100) at second-look arthroscopy.

Radiographic Findings

Median sulcus angle was 147.7° (130-170°). Preopera-
tively, median lateral tilt angle, median congruence angle,
and Insall-Salvati ratio were —8.0° (—44 to 20°), 20.8°
(—25 to 80°), and 1.1 (0.8-1.4), respectively (Table 1).
Immediately after MPFL reconstruction, these three indices
had improved. However, at final follow-up, these indices
had returned toward preoperative values to some extent
(Table 1). Although patellar maltracking was reduced in alt
cases immediately after surgery, the position had shifted
laterally to some extent at follow-up (Fig. 3a—c).

Patellar tracking

At arthroscopic evaluation prior to MPFL reconstruction,
patellae in all cases had shifted laterally for all knee flexion
angles (Fig. 4a—d). Immediately after MPFL reconstruc-
tion, all preoperative patellar maltracking was reduced, and
patellae were congruent with femoral groove in 0-60° of
range of motion (Fig. 4e-h). At second-look arthroscopy,
tensed reconstructed grafts were recognized arthroscopi-
cally from the inside of the joint in all cases (Fig. 5). In 9

Table 1 Radiographic measurement

knees, the patella was always located above the center of
the femoral groove within 0-60° of range of motion and
thus classified as “centrally located type”. In 16 knees, the
patella was located in a “laterally shifted” position at knee
extension, moving on the center of the femur and becoming
congruent with the femoral groove as the angle of knee
flexion increased. This pattern was classified as “laterally
shifted type”.

No demographic data affected the difference in patellar
tracking between the two groups (Table 2). However, 3
patients who complained of positive apprehension sign at
follow-up were classified as “laterally shifted type”. Kuj-
ala scores, sulcus angles, and preoperative lateral tilt angles
were not different between the two groups (Table 3). Only
median preoperative congruence angle, which was 9.2°
(—25t052°) in “centrally located type” and 26.5° (—2 to 85°)
in “laterally shifted type”, differed significantly according to
various preoperative factors (P = 0.03; Table 3).

Chondral Status

At MPFL reconstruction, cartilage lesions on the patel-
lofemoral joint were observed in 96% of patients. At sec-
ond-look arthroscopy, no obvious deterioration in chondral
status was seen. The patella cartilage in “centrally located
type” patients showed little change, compared with that at
MPFL reconstruction (Fig. 6a). In the “laterally shifted
type”, 2 patients displayed slight deteriorations in the
patella surface and 6 patients showed improvement in
lesions (4 lesions, grade 4; 2 lesions, grade 2; Fig. 6b). The
femur showed no deterioration in the chondral status in
“laterally shifted type” patients, while 4 of 9 patients with
“centrally located type” exhibited slight deterioration in
the chondral surfaces (Fig. 6c, d).

Median (range) Before MPFL reconstruction

After MPFL reconstruction

Second-look arthroscopy  Significance (P value)

Lateral tilt angle (°)
Congruence angle (°)
Insall-Salvati ratio

—8.0 (—44 to 20)
20.8 (=25 to 80)
1.1 (0.8 to 1.4)

5.5 (—16 to 20)
—11.8 (—64 to 45)
1.0 (0.8 to 1.3)

—3.8 (—48 to 18) <0.05
93 (=27 to 92) <0.05
1.1 (08 to 1.4) <0.05

One-factor ANOVA

Fig. 3 Radiographs of Merchant’s view at the three time points. a Before surgery, b Immediately after surgery, ¢ Second-look arthroscopy
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Fig. 4 Arthroscopic view of the patellofemoral joint at MPFL reconstruction. Arthroscopic view of the patellofemoral joint at 0° (a), 15° (b),
30° (e), 60° (d) before surgery and 0° (e), 15° (f), 30° (g), 60° (h) immediately after surgery

Fig. 5 Arthroscopic view of reconstructed MPFL at second-look
arthroscopy. Arrowheads indicate a reconstructed MPFL

Discussion

The most important finding in the present study was that
not all instances of reduced patellar tracking remained
intact despite good clinical outcomes, even if patellar
maltracking had been completely restored just after MPFL

reconstruction. Arthroscopically evaluated patellar tracking
patterns at follow-up were divided into two types: with
36% of patellar trackings classified as “centrally located
type”, and 64% classified as “laterally shifted type”. All
patellar tracking patterns of the three cases complaining of
positive patellar apprehension were “laterally shifted
type”. Preoperative radiographic measurements revealed a
significant difference only in the congruence angle between
the two groups. No significant deteriorations in chondral
status were seen on second-look arthroscopy. However,
grade 1 cartilage damages that had not been recognized in
initial surgery was observed in the femoral groove for 44%
of the “centrally located type” patients and in the central
ridge of the patella for 13% of “laterally shifted type”
patients,

Although MPFL reconstruction has become the first
choice for treating recurrent patellar dislocation and good
midterm clinical results with up to 97% patient satisfaction
and up to 10 years of follow-up have been reported [31],
patellar tracking after MPFL reconstruction, particularly in

Table 2 Demographic data of “centrally located type” and “laterally shifted type”

Median (range)

Centrally located type

Laterally shifted type  Significance (P value)

Patient age (years old)

Duration from injury to MPFL reconstruction (years)

Duration from initial surgery to second-look arthroscopy (months)
Kujala score at second-look arthroscopy

Apprehension sign at second-look arthroscopy (—/+)*

25.6 (15-39) 22.1 (13-43) ns.
10.2 (1.6-23.3) 6.7 (0.2-22.7) ns.
10.5 (6.7-26.0) 142 (5.9-31.1) ns.
95 (85-100) 94 (81-100) ns.
(9/0) (13/3) -

Paired #-test
* (—/+) represents that apprehension sign is negative/positive
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Table 3 Preoperative
radiographic findings in
“centrally located type” and

“laterally shifted type”

Median (range) Centrally located type Laterally shifted type Significance
(P value)

Sulcus angle (%) 147.6 (138 to 156) 147.7 (130 to 170) ns.

Lateral tilt angle (°) —-0.5(—13t0 8) —11.7 (—44 to 20) n.s.

Congruence angle (°) 9.2 (—25 to0 52) 26.5 (-2 to 85) 0.03

Insall-Salvati ratio 1.2 (1.0to 1.4) 1.1 (0.8to 1.4) n.s.

Mann—Whitney U test

patients, has not been described. Radiologic findings

showed that all patellar maltracking was reduced imme-
diately after MPFL reconstruction. However, tracking
position had shifted somewhat laterally by second-look
arthroscopy. Deie et al. reported clinical and radiologic
results of MPFL reconstruction using transferred semiten-
dinosus tendon 5 years after surgery [11]. They concluded
that congruence angle, tilting angle, and lateral shift ratio
were within normal ranges at 5 years postoperatively.
However, detailed examination of their data showed that
the three indices were improved at 6 months after recon-
struction, but tended to return toward preoperative values
to some extent. This fact is consistent with the present
results, which found a lateral shift in the patella at follow-
up. As a tensed graft was recognized from inside the joint
in all cases and relatively good results were obtained in this

Fig. 6 Chondral status at a
MPFL reconstruction and at

Patella (Centrally located type) b

series, the transplanted graft might undergo remodeling or
stress relaxation without breaking [18], and the graft might
function as a seatbelt to reinforce lateral displacement of
the patella. Yamada et al. reported 3-dimensional mor-
phological differences in the articular surface of the fem-
oral trochlea in patients with recurrent dislocation of the
patella using 3-dimensional computational models [41].
They concluded that the lateral border of articular cartilage
of the trochlea in patients was located more laterally than
in the control group. The two patellar tracking patterns
observed in this study might have been caused by the
unique patellofemoral congruency in recurrent patellar
dislocation patients, as cases with subdislocation of the
patella at knee extension showed significantly higher con-
gruence angles. Furthermore, patients with patellar sub-
luxation exhibit a tight lateral retinaculum [15]. With larger

Patelia (Laterally shifted type)
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congruence angle, the tighter and shorter the lateral reti-
naculum is considered to be. The reconstructed MPFL may
be matched to the proper length by remodeling depending
on individual patello-femoral congruence and tightness of
the lateral retinaculum. However, all three cases with
positive apprehension sign remaining at follow-up were
classified into “laterally shifted type”. For such cases,
other surgical procedure such as lateral retinaculum release
or tibial tuberosity transfer may be necessary, although
further examination of this issue is needed before such
recommendations can be made.

Patellar tracking of normal and abnormal subjects has
been investigated using radiograph, computed tomography,
magnetic resonance imaging, and arthroscopy by many
authors [6, 12, 36]. Arthroscopically, quantitative evalua-
tion of the patellar position is impossible. Brossmann et al.
reported that the arthroscopic patellar tracking pattern
correlated with motion-triggered cine magnetic resonance
imaging [6]. By simplifying the classification of arthro-
scopic patellofemoral alignment, they minimized the
influence of subjective impressions by operators. Arthro-
scopic evaluation of patellar tracking in the present study
might have been subjective, but arthroscopy remains an
important technique for evaluating patellofemoral prob-
lems. In the present study, although the subluxing patella
was not centered on the femoral groove with increased
knee flexion before surgery and patellar maltracking had
been reduced immediately after surgery, arthroscopic
patellar tracking patterns observed at second-look arthros-
copy could be simply classified into two types, retrospec-
tively. The influence of operator subjectivity was thus
considered minimal. The pressure of irrigation fluid is
another important factor affecting arthroscopic patellar
tracking. Delaunay and Kapandji reported that serum
inflow affected patella-trochlear centralization [13]. In the
present study, to avoid differing effects of irrigation pres-
sure on patellar tracking, the pressure was set to 40 mmHg
in each case. The tracking pattern in the present study
might not reflect the true pathology, but the present find-
ings could provide useful information regarding alterna-
tions in patellar tracking after MPFL reconstruction.

Although movement of the patella varies among patients
with recurrent patellar dislocation [40], the two patellar
tracking patterns were observed only with reconstruction of
the MPFL anatomically without any procedure for various
predisposing factors. Sandmeier et al. compared patellar
tracking in cadaveric knees with medial restraints intact,
either sectioned or reconstructed [34]. They concluded that,
with a lateral force applied to the patella, patellar tracking
changed significantly with loss of the medial restraints and
improved after MPFL reconstruction using a gracilis
tendon. They also noted that patellar tracking was not
completely restored, and the reconstructed MPFL tended

to overconstrain the specimens, particularly under knee
extension. Ostermeier et al. compared the effects of two
different techniques of MPFL reconstruction using cadav-
eric knees and concluded that both reconstruction tech-
niques created sufficient stabilization of the patella, but that
patellar position was slightly overmedialized following
MPFL reconstruction with a semitendinosus autograft,
which could lead to overload on the medial retropatellar
cartilage [32]. The present results are partially in accor-
dance with their results, with the patella medialized and
overconstrained immediately after reconstruction. How-
ever, both studies used cadaveric knees, and patellar
tracking immediately after MPFL reconstruction was
evaluated in vitro. Cadaveric studies do not always throw
light on the true pathology of lateral patellar dislocation
and MPFL reconstruction, as lateral patellar dislocation
caused by various predisposing factors and physiological
effects such as graft remodeling cannot be evaluated.
Therefore, patellar tracking patterns in actual patients
approximately 1 year after surgery were investigated.

In “centrally located type” knees, the patella was
always centered in the femoral groove from 0° to 60° of
knee flexion. This type of patellar tracking might differ
from normal patellar tracking, as the median ridge of the
patella lies lateral to the center of the trochlea in the normal
knee from 0 to 30° of flexion, then moves medially to
become centered in the femoral groove at between 30° and
60° of flexion [10]. In fact, 44% of the chondral status of
the femoral groove in the “centrally located type” cases
was deteriorated to grade 1 at second-look arthroscopy.
This suggested that, in some cases, MPFL reconstruction
was overtensioned immediately after surgery. Meanwhile,
in the “laterally shifted type”, the patella was located lat-
eral to the center of the femoral groove and become cen-
tered with an increase in knee flexion angle. Two of 16
“laterally shifted type” patients showed deterioration at the
central ridge of the patella. This fact suggests that the
return of incongruence caused that excessive lateral pres-
sure would also return. Even though the same MPFL
reconstruction in all cases was performed, different pat-
terns of patellar tracking were observed. In some cases, the
reconstructed MPFL might be overtensed immediately
after surgery. In other cases, the reconstructed graft might
undergo graft remodeling or stress relaxation, and exces-
sive lateral pressure might return. Long-term follow-up is
needed to assess the progression of osteoarthritis. Any
important factors contributing to the two types of patellar
tracking could not be identified in this study. Several
specific imaging protocols designed for patellofemoral
disorders have been reported, including axial view with
lateral rotation of the leg, measurement of patellar height,
and crossing sign [12]. The crossing sign could not be
investigated for systematically due to the difficulty in
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