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Background: Suture tape (ST) augmented repair, an alternative to traditional Brostrdm repair (BR), may protect the repaired
anterior talofibular ligament during ligament healing. No systematic review of cohort studies has been conducted to compare
traditional BR with ST-augmented repair for chronic lateral ankle instability.

Purpose: To review the current evidence in the literature to ascertain whether ST-augmented repair is superior to traditional BR in
managing chronic lateral ankle instability.

Study Design: Systematic review; Level of evidence, 3.

Methods: A literature search was performed to identify relevant articles published in PubMed, Embase, and Cochrane Library
databases in accordance with PRISMA (Preferred Reporting ltems for Systematic Reviews and Meta-Analyses) guidelines. The
search included cohort studies comparing the efficacy of BR and ST-augmented repair procedures in terms of incidence of
instability recurrence, functional scores, talar tilt angle (TTA), anterior talar translation (ATT), and complication rate. Methodological
quality was assessed using the Jadad scale for randomized studies and the Newcastle-Ottawa Scale for nonrandomized studies.

Results: A total of 4 clinical trials with 254 patients were included. No significant differences were detected between BR and
ST-augmented repair procedures in terms of incidence of recurrent instability, American Orthopaedic Foot & Ankle Society score,
Foot and Ankle Outcome Score, Foot and Ankle Ability Measure, TTA, ATT, or complication rate. The ST group appeared to have a
shorter operation time compared with the BR group.

Conclusion: No significant differences were found between ST-augmented repair and BR surgery regarding incidence of recurrent
instability, functional outcome scores, or complication rates. Although technically challenging, the ST-augmented repair procedure
appears to be a safe and fast option.
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loskeletal injuries, and about 12% to 40% of individuals who
have a lateral ankle sprain develop chronic lateral ankle
instability (CLAI).18264351 CLAI is a challenging clinical
problem, particularly among young athletes who have com-
plex rupture of the ankle lateral collateral ligament.!5-34:36:47
Studies have demonstrated that anatomic repair of the lat-
eral collateral ligament results in better functional outcomes
and less secondary osteoarthritis than nonanatomic
repair.®®% The modified Brostrém anatomic repair (BR) pro-
cedure, which often fixes the anterior talofibular ligament
(ATFL) onto the fibular insertion, with or without the calca-
neofibular ligament, has been suggested as a gold standard
to treat CLAL"'%2753 In a long-term follow-up investigation
(mean, 8.7 years), Maffulli et al>?> demonstrated that BR
surgery was safe and allowed most patients to return to
preinjury levels of daily and sport activities.
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Traditional BR can be used only in select cases with a
ligament remnant of good tissue quality.2>52 When the lig-
ament remnant is of poor tissue quality, precluding the use
of the modified Brostrém procedure, anatomic reconstruc-
tion using fibular periosteal flap augmentation or a free ten-
don graft may be considered.*1920-28:50 Aygmented
reconstruction using periosteal flap or tendon graft is time-
consuming and invasive, whereas the suture tape (ST) aug-
mentation technique is easier. Anatomic ATFL repair with
suture augmentation offers the benefit of maintaining some
proprioceptive properties of the native ligament while rein-
forcing the repair, especially in patients whose remnant lig-
ament tissue is of poor quality.®%13%* ST-augmented repair
has become an effective option because it may protect the
repaired ligament during healing.2143157 BR with ST aug-
mentation has been demonstrated to be effective for young
female patients,® revision surgeries,® and patients with gen-
eralized ligamentous laxity.® Coetzee et al'? reported that
the average American Orthopaedic Foot & Ankle Society
(AOFAS) score was 94.3 at a mean follow-up of 11.5 months;
further, 79% of patients had a Foot & Ankle Ability Measure
(FAAM) score of more than 90 after BR with ST augmenta-
tion. Recently, Cho et al® investigated 24 patients who
underwent ST augmentation at a follow-up of more than 2
years and found that patient-reported functional outcomes
significantly improved after lateral ligament augmentation
using ST. However, concerns persist as to whether ST-
augmented repair will lead to better functional outcomes
and lower complication rates compared with BR.

To date, no systematic review of cohort studies has been
conducted to compare traditional BR with ST-augmented
repair techniques for CLAI. Therefore, the purpose of this
study was to perform a meta-analysis to ascertain whether
the traditional repair or ST-augmented repair procedure will
result in a lower incidence of instability recurrence, a lower
rate of complications, and better function as measured by the
AOFAS score, FAAM, Foot and Ankle Outcome Score
(FAONS), talar tilt angle (TTA), and anterior talar translation
(ATT). Our hypothesis was that these studies would favor the
ST-augmented repair procedure with regard to clinical out-
comes and complication rate compared with the traditional
BR procedure.

METHODS
Search Strategy

Two independent reviewers searched multiple comprehen-
sive databases including PubMed, Embase, and the
Cochrane Library in accordance with the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines, with 1 senior author (Y.H.) conducting any differ-
ence arbitration.?® There were no restrictions on languages
or dates. The detailed search strategy was as follows: (ankle
instability OR lateral ankle ligament OR anterior talofibular
ligament OR ATFL OR calcaneofibular ligament OR CFL)
AND (surgery OR repair OR reconstruction OR fiber tape
OR suture tape OR internal brace).
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Two independent reviewers (Hong L., Y.Z.) reviewed the
titles and abstracts and all studies that were eligible in full
text. Next, the reference list and literature review of the
included studies found in the initial search were manually
screened to find other articles that met the inclusion crite-
ria. When there were 2 published studies on the same popu-
lation, updated studies were retained.

Eligibility Criteria

The inclusion criteria were (1) clinical research after surgical
repair or reconstruction comparing results with ST and
without ST repair, including randomized controlled trials,
prospective cohort studies, and retrospective cohort studies;
(2) a minimum of 10 patients who underwent CLAI repair;
(3) an average follow-up time of more than 6 months; and (4)
full text provided. The exclusion criteria were (1) noncom-
parative studies, (2) review studies, and (3) cadaveric or bio-
mechanical research.

Quality Assessment

The methodological quality was assessed using the Jadad
scale (5-point scale) for randomized studies and the
Newcastle-Ottawa Scale (NOS) (9-point scale) for nonrando-
mized studies.?®?3 Relatively high quality was considered as a
score >3 points on the Jadad scale and >7 points on the NOS.?8
Each study was independently evaluated by 2 authors (Hong
L., Y.Z.), and any differences were resolved through
discussion.

Data Extraction

Two blinded reviewers performed data extraction and anal-
ysis using predetermined data sheets. Relevant information
was recorded, including study design, population size,
patient age, incidence of recurrent instability, postoperative
functional scores (AOFAS, FAOS, FAAM), TTA, ATT, return
to sports, complications, and operation time. Recurrent
instability included subjective and mechanical instability,
new ankle sprain, and grade 2 (side-to-side difference of
>10 and <15 mm) or grade 3 (side-to-side difference of
>15 mm) on the anterior drawer test. TTA was defined as
the angle between the articular surface of the distal tibia and
the proximal articular surface of the talus on the varus
stress view. ATT was defined as the shortest distance
between the posterior articular border of the distal tibia and
the posterior articular surface of the talus on the lateral
radiograph. Details of complications (stiffness, subsequent
sprains, deep vein thrombosis, revision surgery, wound
infection, and nerve damage) were summarized.

Statistical Analysis

All statistical analyses were conducted using Review Man-
ager Version 5.3 software (The Cochrane Collaboration).
The I? statistic was applied to quantify heterogeneity
between studies.'® An I? value of <25% indicated low het-
erogeneity and >75% indicated high heterogeneity. When
the I? value was >50%, a random-effects model was
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Figure 1. Flow chart of the literature search process using the PRISMA (Preferred Reporting Items for Systematic Meta-Analyses)

guidelines.

applied; otherwise, a fixed-effects model was applied.
Descriptive analysis was conducted on data that could not
be merged owing to inconsistent or nonexistent data types.
A P value of <.05 was considered statistically significant.

RESULTS
Study Selection Process

The initial literature search yielded 5508 studies. After
removal of duplicates, the articles were screened according
to inclusion and exclusion criteria, 35 unique studies were
evaluated, and full texts were evaluated for eligibility. Of
these, 31 articles were excluded for the following reasons:
(1) noncomparative studies (n = 16); (2) review studies
(n = 10); (3) cadaveric or biomechanical research (n = 5).
The screening process and inclusion and exclusion criteria
are detailed in Figure 1. Ultimately, this review included
4 clinical trials. These 4 studies included 254 patients, 105
of whom underwent ST-augmented repair and 149 who had
the traditional BR method. The study by Yoo and Yang®®
included only male patients, and the study by Cho et al”

included only female patients. Table 1 summarizes the
study characteristics. Table 2 summarizes the results of our
meta-analysis.

Incidence of Instability Recurrence

Recurrence of instability was reported in all 4 reviewed stud-
ies. The analysis showed there was no significant difference
in the rate of recurrent instability between the ST group
(2.9%) and the BR group (2.7%), and the risk ratio for recur-
rent instability was 0.79 in favor of ST (95% CI, 0.19-3.31;
IZ = 0%; P = .75) (Figure 2).

AOFAS Score

Postoperative AOFAS scores were reported in 2 studies,
which consisted of 47 patients in the ST group and
91 patients in the BR group. Xu et al®® reported a mean
AOFAS of 97.5 + 3.3 for the ST group and 96.3 * 6 for the
BR group. Yoo and Yang®® reported a mean AOFAS of 98 +
16.8 for the ST group and 96.5 + 5.4 for the BR group. No
significant difference in AOFAS scores between groups was
detected in these studies.
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TABLE 1
Study Characteristics®

Lead Author No. of Patient Age, y, Follow-up, mo,
(Year) Study Design LOE Patients Mean (Range) Sex Ratio (M/F), n Mean (Range) Jadad/NOS Score
Yo0®® (2016) RCS 3 ST: 22 23 (19-44) ST: 22/0 7.4 (6-9) 8
BR: 63 BR: 63/0
Cho’ (2019) RCT 2 ST: 28 ST: 26.6 (16-40) ST: 0/28 ST: 34.6 (24-45) 3
BR: 27 BR: 28.1 (17-39) BR: 0/27 BR: 33.8 (24-44)
Ulku®? (2020) RCT 2 ST: 30 ST: 27.8 (19-44) NA ST: 35.9 (26-54) 3
BR: 31 BR: 28.6 (20-51) BR: 36.8 (27-58)
Xu®® (2019) RCS 1 ST: 25 ST: 26.6 (16-50) NA ST: 24 8
BR: 28 BR: 28.1 (17-55) BR: 24

“BR, Brostrom repair; F, female; LOE, level of evidence; M, male; NA, not applicable; NOS, Newcastle-Ottawa Scale; RCS, retrospective
cohort study; RCT, randomized controlled trial; ST, suture tape.

TABLE 2
Patient Outcomes®
FAAM, Sports Complication

Lead Author (Year) RRI, (%) AOFAS FAOS FAAM Activity TTA ATT Rate, %
Yoo%® (2016) ST: 0 ST: 98 + 16.8 NA NA NA NA NA ST: 9

BR: 0 BR:96.5£54 BR: 4.8
Cho” (2019) ST: 7.1 NA ST:91.9+6.7 ST:89.4+74 ST:84.6+98 ST:4.6+26 ST:45+23 ST: 3.6

BR: 3.7 BR:93.3+6.1 BR:922+6.5 BR:89.1+88 BR:39%+23 BR:42t21 BR: 7.4
Ulku®2 (2020) ST: 3.3 NA ST:91.5+7.7 ST:93+13 ST:90.4+12 ST:45+44 ST:43+45 ST: 0

BR: 6.5 BR:90.6+52 BR:89.3+15 BR:84.9+14 BR:4.7+4.8 BR:46t4.1 BR: 3.2
Xu®® (2019) ST: 0 ST: 97.5+3.3 NA ST:93.1+23 ST:87.1+54 ST:24+13 ST:29+1.6 ST: 12

BR:3.6 BR:96.3*6 BR:90.5+5.1 BR:782+12 BR:27+14 BR:3.1+1.3 BR: 3.6

“Scores are expressed as mean + SD. AOFAS, American Orthopaedic Foot & Ankle Society; ATT, anterior talar translation; BR, Brostréom
repair; FAAM, Foot and Ankle Ability Measure; FAOS, Foot and Ankle Outcome Score; NA, not applicable; RRI, recurrence rate of instability;
ST, suture tape; TTA, talar tilt angle.

ST group BR group 0Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M.H, Fixed, 95% CI
Cho 2017 0 22 0 B3 Not estimable
Ulku 2019 2 28 1 27 223% 200[0.17,23.44) =
Xu 2019 1 30 2 31 449% 0.50 [0.04, 5.82) =
Yao 2016 0 25 128 328%  0.36(0.01,9.23 -
Total (95% Cl) 105 149 100.0% 0.79 [0.19, 3.31] ""“
Total events 3 4
Heterogeneity: Chi"= 0.91, df= 2 (P = 0.64}; F= 0% =u N 051 150 ﬁDD’

Testfor overall effect: Z=0.32 (P = 0.75)
Favours [ST) Favours [BR]

Figure 2. Results of aggregate analysis for comparison of recurrence rate of instability between suture tape (ST) group and
Brostrdm repair (BR) group. Numbers for “events” refer to failure; numbers for “total” refer to total participants. M-H, Mantel-
Haenszel method.

FAOS

FAOS results were reported in 2 studies, which included
55 ST patients and 61 BR patients. Cho et al” reported that
the mean FAOS was 91.9 + 6.7 for the ST group and 93.3 +
6.1 for the BR group. Ulku et al®2 reported a mean FAOS of
91.5 £ 7.7 for the ST group and 90.6 + 5.2 for the BR group.
No significant between-group difference in FAOS was
detected in these studies.

FAAM Score

FAAM total scores were reported in 3 studies, which con-
sisted of 83 ST patients and 86 BR patients. The mean
FAAM scores were 89.4 + 7.4 for the ST group and
92.2 + 6.5 for the BR group in the study by Cho et al’;
93 + 13 for ST and 89.3 + 15 for BR in the study by Ulku
et al°% and 93.1 + 2.3 for ST and 90.5 + 5.1 for BR in the
study by Xu et al.’® No significant difference was found



The Orthopaedic Journal of Sports Medicine

ST group BR group

Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI

Ankle Repair With Suture Tape 5

Mean Difference
IV, Random, 95% Cl

Cho 2017 884 74 28 822 65 27 356%
Ulku 2019 93 13 30 8§93 15 31 200%
Xu 2018 931 23 25 905 51 28 44.4%
Total (95% Cl) 83 86 100.0%

Heterogeneity. Tauw™= 8.55; Chi*= 6.68, df= 2 (P=0,04), F=70%
Test for overall effect: Z=0.43 (P = 0.66)

-2.80[-6.48, 0.88]

3.70 [3.34,10.74]

2,60 [0.51, 4.69)

0.90 [-3.17, 4.96]
100 -50 0 50 100
Favours [ST) Favours [BR]

Figure 3. Results of aggregate analysis for comparison of Foot and Ankle Ability Measure scores between suture tape (ST) group

and Brostrom repair (BR) group. IV, inverse variance.

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% ClI

ST group BR group
Study or Subgroup  Mean SD Total Mean SD Total Weight
Cho 2017 946 98 28 891 88 27 34.2%
Ulku 2019 904 12 30 849 14 31 31.5%
Xuz2019 871 54 25 782 12 28 34.2%
Total (95% CI) 83 86 100.0%

Heterogeneity: Tau?= 49.33; Chi*=15.01, df= 2 (P = 0.0006); F= 87%

Test for overall effect: Z=0.74 (P = 0.48)

3.24 [-5.31,11.79]
1

-4.50(-8.42,0.42)

5.50 [-1.04,12.04)

8.90 [3.98, 13.82) =

00 -50 0 50 100
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Figure 4. Results of aggregate analysis for comparison of Foot and Ankle Ability Measure sports activity scores between suture
tape (ST) group and Brostrém repair (BR) group. IV, inverse variance.

ST group BR group Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight [V, Fixed, 95% CI IV, Fixed, 95% Cl
Cho 27 16 28 a8 39 23 27 223% 07¥0[0.80, 2.00]
Uk 2019 45 44 30 47 48 31 7.0% -0.20[251, 211] i
Xu 2019 24 13 26 27 14 28 707% -030[1.03 043 [ |
Total (95% CI) 83 86 100.0% -0.07 [-0.68, 0.54]
Heterogeneity. Chi*= 1.75, df= 2 (P = 0.42); P= 0% T 1 4 —

Testfor overall effect Z=023 (P=082)

Favours [ST] Favours [BR]

Figure 5. Results of aggregate analysis for comparison of talar tilt angle between suture tape (ST) group and Brostrom repair (BR)

group. IV, inverse variance.

between the ST and BR groups (mean difference [MD],
0.90; 95% CI, —3.17 to 4.96; I> = 70%; P = .66) (Figure 3).

FAAM Sports Activity

FAAM sports activity scores were reported in 3 stud-
ies,”®%%% which consisted of 83 patients in the ST group and
86 patients in the BR group. No significant difference
was seen between the ST and BR groups (MD, 3.24; 95%
CI, -5.31 to 11.79; I? = 87%; P = .46) (Figure 4).

Talar Tilt Angle

The TTA was reported in 3 studies,”%*?° which consisted
of 83 ST patients and 86 BR patients. The analysis
showed no significant difference between the ST and
BR groups (MD, —0.07; 95% CI, —-0.68 to 0.54; I? = 0%;
P = .82) (Figure 5).

Anterior Talar Translation

The ATT was reported in 3 studies,”®?®® which included
83 patients in the ST group and 86 patients in the BR
group. The analysis showed no significant difference
between the ST and BR groups (MD, -0.06; 95% CI, —0.69
to 0.56; I? = 0%; P = .84) (Figure 6).

Complications

All 4 studies reported an overall complication rate (Table 3).
The analysis showed no significant difference in complication
rates between the ST group (5.7%) and the BR group (4.7%)
(MD, 1.29; 95% CI, 0.43 to 3.81; I? = 0%; P = .65) (Figure 7).

Operation Time

The operation time was reported in 3 studies. Xu et al®®

reported there was no significant difference in operation



6 Lietal
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Mean Difference

IV, Fixed, 95% CI IV, Fixed, 95% CI

Cho 2017 45 23 28 42 21 27 28.0%
Ulku 2019 43 45 30 46 41 31 8.4%
Xu 2019 29 16 25 31 1.3 28 62.7%
Total (95% Cl) 83 86 100.0%

Heterogeneity. Chi*= 0,54, df= 2 (P = 0.77), F=0%
Test for overall effect: Z= 0.20 (P =0.84)

0.30 [-0.886, 1.48)

-0.30 [-2.46, 1.86)
-0.20 [-0.99, 0.59)

-0.06 [-0.69, 0.56]

1 1 1 ]
-100 -50 0 50 100
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Figure 6. Results of aggregate analysis for comparison of anterior talar translation between suture tape (ST) group and Brostrém

repair (BR) group. 1V, inverse variance.

TABLE 3
Complications®

Lead Author

(Year) Wound Infection

Nerve Injury

Stiffness or Limited Range of Motion

Yoo% (2016) NA ST: 0

BR: 2 patients (3.2%) presented signs of neuritis
of the intermediate dorsal cutaneous nerve

Cho” (2019) ST: 0
BR: 1 case (3.7%) of

local wound infection peroneal nerve

ST: 2 patients (9%) presented signs of
an inversion deficit of >10°

BR: 3 patients (4.8%) showed an
inversion deficit of >10°

ST: 1 case (3.6%) of damage to the sural nerve NA
BR: 1 case (3.7%) of damage to the superficial

Ulku®? (2020) ST: 0 NA NA
BR: 1 case (3.2%) of
local wound infection
Xu®® (2019) ST: 0 ST: 3 cases of abnormal dorsal foot paresthesia, NA
BR: 1 case of wound which may damage the superficial peroneal nerve
infection BR: 0
“BR, Brostrom repair; NA, not applicable; ST, suture tape.
ST group BR group Odds Ratio Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Cho 2017 1 28 2 27 34.7% 0.46 [0.04, 5.43) &
Ulku 2019 0 30 1 31 25.7% 0.33 [0.01, 8.51] =
Xu 2018 3 25 1 28 14.7% 3.68(0.36, 37.92]
Yoo 2016 2 22 3 B3 25.0% 2.00[0.31, 12.84] —
Total (95% Cly 105 149 100.0% 1.29 [0.43, 3.81] i
Total events 6 7
Het ity: Chi*= 2.33, df= 3 (P = 0.51); F=0% F t t i
Sorogenemi nh ) 001 04 19 100

Test for overall effect: Z= 0.45 (P = 0.65)

Favours [ST) Favours [BR]

Figure 7. Results of aggregate analysis for comparison of complication rate between suture tape (ST) group and Brostrém repair

(BR) group. M-H, Mantel-Haenszel method.

time between groups but provided no detailed data.
Ulku et al® reported that the mean operation time for
the ST and BR groups was 35.2 + 5.2 and 48.6 + 5.6
minutes, respectively. Cho et al” reported that the mean
operation time for ST and BR groups was 24.6 £ 4.4 and
32.5 + 4.8 minutes, respectively. The ST group appeared
to have a shorter operation time compared with the
BR group.

DISCUSSION

The most important finding of this study was that no sig-
nificant difference was detected between the ST group and
the BR group with regard to recurrent instability incidence,
functional outcomes, or complication rate. Moreover,
ST-augmented repair was associated with decreased oper-
ative time compared with BR. So far, STs have been applied



The Orthopaedic Journal of Sports Medicine

in the repair of anterior inferior tibiofibular ligament,*®

deltoid ligament,'1*” and lateral collateral ligament.®

Our analysis showed no significant difference in the rate
of recurrent instability between the ST group (2.9%) and
the BR group (2.7%). Recurrent instability may occur even
with successful repair of lateral ankle ligaments.?*32 Li
et al?® surveyed 52 high-demand athletes who underwent
repair of lateral ankle ligaments via suture anchors; the
investigators found that 6% of patients had rerupture at
2-year follow-up. Petrera et al*! investigated 49 patients
who underwent modified BR and found that 3 patients
(6.1%) reported residual instability after a traumatic retear
at mean follow-up of 42 months. When using an ST aug-
mentation technique, Cho et al” reported that 2 cases
(7.1%) in the ST group had recurrent instability and 1 case
(3.7%) in the BR group had recurrent instability. Ulku
et al®? observed that 1 patient (3.3%) had recurrence in the
ST group and 2 patients (6.5%) in the BR group. Xu et al®®
found 1 case of mechanical instability in the BR group,
which was treated with modified BR with augmentation
using ST. Coetzee et al'? reported that 1 patient experi-
enced ankle inversion sprains at 1 year postoperatively
during basketball games, but it did not result in recurrent
instability.

In our study, we found that ST-augmented repair had
shorter operative time compared with BR. In the studies
by Ulku et al®2 and Cho et al,” the surgeons used knotless
anchors for ST-augmented surgery and knot anchors for
BR. Knot anchor repair required the surgeon to pass
sutures through ATFL remnants, which might increase
operative time. The present meta-analysis found no signif-
icant difference in clinical functional outcomes between the
ST and BR groups. This finding indicates that both repair
techniques were effective for chronic ankle instability. Gen-
eralized ligamentous laxity is an independent predictor of
poor outcomes and a risk factor for recurrent instability
following the modified Brostrém procedure for CLAI 3960
Cho et al® applied ST-augmented repair in CLAI patients
with generalized ligamentous laxity and reported that
FAOS and FAAM scores had significantly improved from
an average 63.2 and 54.3 points preoperatively to 90.6 and
89.5 points at final follow-up, respectively.

Cho et al® used ST in revision surgery for a failed modi-
fied Brostrom procedure and found that the mean FAOS
and FAAM scores improved significantly to 87.5 and 85.1
points at final follow-up, respectively. Previously, for a
failed modified Brostrom procedure, ligament reconstruc-
tion with autograft or allograft tendon had usually been
indicated for revision surgery.2%?%3% Song et al*® demon-
strated that their reconstruction group (12 patients)
showed a significantly higher AOFAS score and lower
visual analog scale score than those in the Brostrom group
(16 patients) at 12 months after surgery, although the dif-
ference between the 2 groups was not statistically signifi-
cant 30 months later. Anatomic reconstruction appeared to
give the best results, although it might be more invasive
than anatomic repair. Because it is less invasive, augmen-
tation with ST has been proposed for these situations.
Based on these results, it was presumed that an ST
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augmentation repair technique has a wider range of appli-
cations for CLAL

Return to sports after lateral ankle ligament injury is a
major concern for clinicians.*%*%48 Regarding sports activ-
ity, no significant difference was found between the ST
group and the BR group in this review. Maffulli et al®2
investigated 34 patients at an average of 8.7 years after
BR surgery and found that 58% of patients returned to
sports at their preinjury level and 10 patients (26%) gave
up all sports activities. Recently, Porter et al*? reported
that primary repair combined with artificial ligament
resulted in better total FAOS results and higher Tegner
activity scores at 5-year follow-up compared with the Bros-
trom procedure among physically active patients with
chronic lateral ligament instability. Yoo and Yang®3
reported that 18 patients (81.8%) in the ST group returned
to sports activity without limitations whereas only 17
patients (27.0%) in the BR group were able to do so at 12
weeks after surgery. BR surgery might not be suitable for
patients with generalized laxity or poor ligament quality.
Augmented repair with tendon graft or ST should be con-
sidered in order to allow early and safe return to
sports, 12:21:35

Viens et al®® conducted a biomechanical analysis of the
strength of ST augmentation repair and demonstrated that
the mean ultimate load to failure of ST augmentation
(815.5 + 66.8 N) was significantly higher than that of the
intact ATFL (154.0 + 63.7 N). Moreover, Schuh et al**
reported that ST augmentation repair was statistically
superior in terms of angle at failure as well as failure torque
compared with the Brostrom procedure. These findings
indicate that ST protects the repaired ATFL during liga-
ment healing in the early time after surgery so as to allow
early return to sports, similar to artificial ligaments in
anterior cruciate ligament reconstruction.?

Concerns remain regarding potential complications,
including foreign body reaction, inversion limitation, nerve
entrapment, wound complications, regional pain syndrome,
and scar tenderness.'®2%61 The present meta-analysis
showed no significant difference in complication rates
between the ST group (5.7%) and the BR group (4.7%), indi-
cating that ST-augmented repair is a safe procedure. Lim-
itation of range of motion is another concern after
augmentation surgery. Ellis et al'® investigated 11 patients
at a mean of 3.5 + 1.7 years after lateral ankle ligament
reconstruction of allograft tendon, at which time 6 patients
had mild restrictions and 1 patient reported moderate
activity restriction. Regarding ST-augmented repair, Yoo
and Yang®® reported that 2 patients (9%) in the ST group
presented signs of an inversion deficit of >10° compared
with 3 patients (4.8%) in the BR group. Coetzee et all?
reported that the tape measure method and ankle dorsiflex-
ion comparisons showed a significant difference: 9.2 +
3.3 cm (operative side) versus 10.4 £ 3.7 cm (contralateral
side), although a comparison of ankle plantarflexion (by
goniometer) showed no significant difference: 48.5° +
11.5° (operative side) versus 49.7° + 11.9° (contralateral
side). ST augmentation should be performed cautiously,
without overtightening; marking the distance between the
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original site of the fibula and the insertion site of the talus
on the ST can be useful.

The current study had several limitations. The selected
studies included both open and arthroscopic procedures.
However, previous investigation has reported no signifi-
cant difference in functional outcomes after open repair
versus arthroscopy.?” Thus, this technique difference may
have had little influence on patient-reported outcomes.
Mean follow-up times differed among the included studies,
ranging from 6 to 58 months. Because a longer follow-up
time was statistically related to a good result, one could
question whether outcomes would be influenced with dif-
ferent follow-up times. In the study by Yoo and Yang,®®
which entailed 6 months of follow-up, the patients had
already recovered and no significant between-group differ-
ences in functional scores was found. Thus, the influence of
follow-up time may be relatively small. In addition, there
was large heterogeneity in the FAAM scores and FAAM
sports activity scores, which might be attributable to the
fact that the study by Cho et al” included only female
patients. Finally, our review included only 4 studies, and
2 of the included studies had a low level of evidence and
were retrospectively conducted, thus making selection bias
a possibility. Because the current evidence is still limited,
further prospective high-level studies with longer follow-up
are required.

CONCLUSION

The current meta-analysis did not support our hypothesis.
We found no significant differences in recurrent instability
incidence, functional outcome scores, or complication rates
between ST-augmented repair and BR surgery. Despite
being technically challenging, the ST-augmented repair
procedure seems to be a safe and fast option.

REFERENCES

1. Ahn HW, Lee KB. Comparison of the modified Brostrém procedure for
chronic lateral ankle instability with and without subfibular ossicle. Am
J Sports Med. 2016;44(12):3158-3164.

2. Boey H, Verfaillie S, Natsakis T, Vander Sloten J, Jonkers I. Aug-
mented ligament reconstruction partially restores hindfoot and mid-
foot kinematics after lateral ligament ruptures. Am J Sports Med.
2019;47(8):1921-1930.

3. Chen T, Zhang P, Chen J, Hua Y, Chen S. Long-term outcomes of
anterior cruciate ligament reconstruction using either synthetics with
remnant preservation or hamstring autografts: a 10-year longitudinal
study. Am J Sports Med. 2017;45(12):2739-2750.

4. Chew CP, Koo KOT, Lie DTT. Periosteal flap augmentation of the
modified Brostrém-Gould procedure for chronic lateral ankle instabil-
ity. J Orthop Surg (Hong Kong). 2018;26(1):2309499018757530.

5. Cho BK, Hong SH, Jeon JH. Effect of lateral ligament augmentation
using suture-tape on functional ankle instability. Foot Ankle Int. 2019;
40(4):447-456.

6. Cho BK, Kim YM, Choi SM, Park HW, SooHoo NF. Revision anatom-
ical reconstruction of the lateral ligaments of the ankle augmented
with suture tape for patients with a failed Brostrém procedure. Bone
Joint J. 2017;99(9):1183-1189.

7. Cho BK, Park JK, Choi SM, SooHoo NF. A randomized comparison
between lateral ligaments augmentation using suture-tape and

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

The Orthopaedic Journal of Sports Medicine

modified Brostrédm repair in young female patients with chronic ankle
instability. Foot Ankle Surg. 2019;25(2):137-142.

. Cho BK, Park KJ, Kim SW, Lee HJ, Choi SM. Minimal invasive suture-

tape augmentation for chronic ankle instability. Foot Ankle Int. 2015;
36(11):1330-1338.

. Cho BK, Park KJ, Park JK, SooHoo NF. Outcomes of the modified

Brostrom procedure augmented with suture-tape for ankle instability
in patients with generalized ligamentous laxity. Foot Ankle Int. 2017;
38(4):405-411.

Choi HJ, Kim DW, Park JS. Modified Brostrdm procedure using distal
fibular periosteal flap augmentation vs anatomic reconstruction using
a free tendon allograft in patients who are not candidates for standard
repair. Foot Ankle Int. 2017;38(11):1207-1214.

Choi SM, Cho BK, Park KJ. Percutaneous deltoid ligament augmen-
tation using suture tape for medial ankle instability. J Foot Ankle Surg.
2016;55(6):1307-1311.

Coetzee JC, Ellington JK, Ronan JA, Stone RM. Functional results of
open Brostrém ankle ligament repair augmented with a suture tape.
Foot Ankle Int. 2018;39(3):304-310.

Cottom JM, Baker J, Plemmons BS. Analysis of two different arthro-
scopic Brostrom repair constructs for treatment of chronic lateral
ankle instability in 110 patients: a retrospective cohort study. J Foot
Ankle Surg. 2018;57(1):31-37.

DeVries JG, Scharer BM, Romdenne TA. Ankle stabilization with
arthroscopic versus open with suture tape augmentation techniques.
J Foot Ankle Surg. 2019;58(1):57-61.

Doherty C, Bleakley C, Hertel J, et al. Recovery from a first-time lateral
ankle sprain and the predictors of chronic ankle instability: a prospec-
tive cohort analysis. Am J Sports Med. 2016;44(4):995-1003.

Ellis SJ, Williams BR, Pavlov H, Deland J. Results of anatomic lateral
ankle ligament reconstruction with tendon allograft. HSS J. 2011;7(2):
134-140.

Guelfi M, Zamperetti M, Pantalone A, et al. Open and arthroscopic
lateral ligament repair for treatment of chronic ankle instability: a sys-
tematic review. Foot Ankle Surg. 2018;24(1):11-18.

Guillo S, Bauer T, Lee JW, et al. Consensus in chronic ankle instability:
aetiology, assessment, surgical indications and place for arthros-
copy. Orthop Traumatol Surg Res. 2013;99(8 suppl):S411-S419.
Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring incon-
sistency in meta-analyses. BMJ. 2003;327(7414):557-560.

Hua Y, Chen S, Jin Y, et al. Anatomical reconstruction of the lateral
ligaments of the ankle with semitendinosus allograft. Int Orthop. 2012;
36(10):2027-2031.

HuaY, Chen S, Li Y, Chen J, Li H. Combination of modified Brostrom
procedure with ankle arthroscopy for chronic ankle instability accom-
panied by intra-articular symptoms. Arthroscopy. 2010;26(4):
524-528.

Hurley ET, Lim Fat D, Farrington SK, Mullett H. Open versus arthro-
scopic Latarjet procedure for anterior shoulder instability: a system-
atic review and meta-analysis. Am J Sports Med. 2019;47(5):
1248-1253.

Jadad AR, Moore RA, Carroll D, et al. Assessing the quality of reports
of randomized clinical trials: is blinding necessary? Control Clin Trials.
1996;17(1):1-12.

Jiang D, Ao YF, Jiao C, et al. Concurrent arthroscopic osteochondral
lesion treatment and lateral ankle ligament repair has no substantial
effect on the outcome of chronic lateral ankle instability. Knee Surg
Sports Traumatol Arthrosc. 2018;26(10):3129-3134.

Lee DO, Eom JS, Jung HG. The effect of smoking on the outcomes of
lateral ankle ligament reconstruction. J Orthop Sci. 2018;23(1):88-91.
LiH, HuaY, Feng S, Li H, Chen S. Lower signal intensity of the anterior
talofibular ligament is associated with a higher rate of return to sport
after ATFL repair for chronic lateral ankle instability. Am J Sports Med.
2019;47(10):2380-2385.

Li H, Hua Y, Li H, et al. Activity level and function 2 years after anterior
talofibular ligament repair: a comparison between arthroscopic repair
and open repair procedures. Am J Sports Med. 2017;45(9):
2044-2051.



The Orthopaedic Journal of Sports Medicine

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Li Q, Ma K, Tao H, et al. Clinical and magnetic resonance imaging
assessment of anatomical lateral ankle ligament reconstruction: com-
parison of tendon allograft and autograft. Int Orthop. 2018;42(3):
551-557.

Li X, Killie H, Guerrero P, Busconi BD. Anatomical reconstruction for
chronic lateral ankle instability in the high-demand athlete: functional
outcomes after the modified Brostrém repair using suture anchors.
Am J Sports Med. 2009;37(3):488-494.

Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for
reporting systematic reviews and meta-analyses of studies that eval-
uate healthcare interventions: explanation and elaboration. BMJ.
2009;339:B2700.

Lohrer H, Bonsignore G, Dorn-Lange N, et al. Stabilizing lateral ankle
instability by suture tape—a cadaver study. J Orthop Surg Res. 2019;
14(1):175.

Maffulli N, Del Buono A, Maffulli GD, et al. Isolated anterior talofibular
ligament Brostrom repair for chronic lateral ankle instability: 9-year
follow-up. Am J Sports Med. 2013;41(4):858-864.

Matheny LM, Johnson NS, Liechti DJ, Clanton TO. Activity level and
function after lateral ankle ligament repair versus reconstruction. Am J
Sports Med. 2016;44(5):1301-1308.

Matsui K, Takao M, Tochigi Y, Ozeki S, Glazebrook M. Anatomy of
anterior talofibular ligament and calcaneofibular ligament for mini-
mally invasive surgery: a systematic review. Knee Surg Sports Trau-
matol Arthrosc. 2017;25(6):1892-1902.

Michels F, Pereira H, Calder J, et al. Searching for consensus in the
approach to patients with chronic lateral ankle instability: ask the
expert. Knee Surg Sports Traumatol Arthrosc. 2018;26(7):2095-2102.
Miklovic TM, Donovan L, Protzuk OA, Kang MS, Feger MA. Acute
lateral ankle sprain to chronic ankle instability: a pathway of dysfunc-
tion. Phys Sportsmed. 2018;46(1):116-122.

Nery C, Lemos A, Raduan F, Mansur NSB, Baumfeld D. Combined
spring and deltoid ligament repair in adult-acquired flatfoot. Foot
Ankle Int. 2018;39(8):903-907.

Noailles T, Lopes R, Padiolleau G, Gouin F, Brilhault J. Non-
anatomical or direct anatomical repair of chronic lateral instability of
the ankle: a systematic review of the literature after at least 10 years
of follow-up. Foot Ankle Surg. 2018;24(2):80-85.

Park KH, Lee JW, Suh JW, Shin MH, Choi WJ. Generalized ligamen-
tous laxity is an independent predictor of poor outcomes after the
modified Brostrém procedure for chronic lateral ankle instability.
Am J Sports Med. 2016;44(11):2975-2983.

Pearce CJ, Tourne Y, Zellers J, et al. Rehabilitation after anatomical
ankle ligament repair or reconstruction. Knee Surg Sports Traumatol
Arthrosc. 2016;24(4):1130-1139.

Petrera M, Dwyer T, Theodoropoulos JS, Ogilvie-Harris DJ. Short- to
medium-term outcomes after a modified Brostrom repair for lateral
ankle instability with immediate postoperative weightbearing. Am J
Sports Med. 2014;42(7):1542-1548.

Porter M, Shadbolt B, Ye X, Stuart R. Ankle lateral ligament
augmentation versus the modified Brostrom-Gould procedure: a
5-year randomized controlled trial. Am J Sports Med. 2019;47(3):
659-666.

Roos KG, Kerr ZY, Mauntel TC, et al. The epidemiology of lateral
ligament complex ankle sprains in National Collegiate Athletic Asso-
ciation Sports. Am J Sports Med. 2017;45(1):201-209.

Schuh R, Benca E, Willegger M, et al. Comparison of Brostrém tech-
nique, suture anchor repair, and tape augmentation for reconstruction
of the anterior talofibular ligament. Knee Surg Sports Traumatol
Arthrosc. 2016;24(4):1101-1107.

Shawen SB, Dworak T, Anderson RB. Return to play following ankle
sprain and lateral ligament reconstruction. Clin Sports Med. 2016;
35(4):697-709.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Ankle Repair With Suture Tape 9

Song B, Li C, Chen N, et al. All-arthroscopic anatomical reconstruc-
tion of anterior talofibular ligament using semitendinosus autografts.
Int Orthop. 2017;41(5):975-982.

Song Y, Li H, Sun C, et al. Clinical guidelines for the surgical man-
agement of chronic lateral ankle instability: a consensus reached by
systematic review of the available data. Orthop J Sports Med. 2019;
7(9):2325967119873852.

Tassignon B, Verschueren J, Delahunt E, et al. Criteria-based return
to sport decision-making following lateral ankle sprain injury: a sys-
tematic review and narrative synthesis. Sports Med. 2019;49(4):
601-619.

Teramoto A, Shoji H, Sakakibara Y, et al. Suture-button fixation and
mini-open anterior inferior tibiofibular ligament augmentation using
suture tape for tibiofibular syndesmosis injuries. J Foot Ankle Surg.
2018;57(1):159-161.

Trichine F, Friha T, Boukabou A, et al. Surgical treatment of chronic
lateral ankle instability using an inferior extensor retinaculum flap: a
retrospective study. J Foot Ankle Surg. 2018;57(2):226-231.
Tummala SV, Hartigan DE, Makovicka JL, Patel KA, Chhabra A.
10-year epidemiology of ankle injuries in men’s and women’s collegiate
basketball. Orthop J Sports Med. 2018;6(11):2325967118805400.
Ulku TK, Kocaoglu B, Tok O, Irgit K, Nalbantoglu U. Arthroscopic
suture-tape internal bracing is safe as arthroscopic modified Bros-
trém repair in the treatment of chronic ankle instability. Knee Surg
Sports Traumatol Arthrosc. 2020;28(1):227-232.

Vega J, Malagelada F, Dalmau-Pastor M. Arthroscopic all-inside
ATFL and CFL repair is feasible and provides excellent results in
patients with chronic ankle instability. Knee Surg Sports Traumatol
Arthrosc. 2020;28(1):116-123.

Vega J, Montesinos E, Malagelada F, et al. Arthroscopic all-inside
anterior talo-fibular ligament repair with suture augmentation gives
excellent results in case of poor ligament tissue remnant quality. Knee
Surg Sports Traumatol Arthrosc. 2020;28(1):100-107.

Viens NA, Wijdicks CA, Campbell KJ, LaPrade RF, Clanton TO. Ante-
rior talofibular ligament ruptures, part 1: biomechanical comparison of
augmented Brostrém repair techniques with the intact anterior talo-
fibular ligament. Am J Sports Med. 2014;42(2):405-411.

Vuurberg G, Pereira H, Blankevoort L, van Dijk CN. Anatomic stabili-
zation techniques provide superior results in terms of functional out-
come in patients suffering from chronic ankle instability compared to
non-anatomic techniques. Knee Surg Sports Traumatol Arthrosc.
2018;26(7):2183-2195.

Willegger M, Benca E, Hirtler L, et al. Biomechanical stability of tape
augmentation for anterior talofibular ligament (ATFL) repair compared
to the native ATFL. Knee Surg Sports Traumatol Arthrosc. 2016;24(4):
1015-1021.

Xie X, Liu X, Chen Z, et al. A meta-analysis of bone—patellar tendon-
bone autograft versus four-strand hamstring tendon autograft for
anterior cruciate ligament reconstruction. Knee. 2015;22(2):100-110.
Xu DL, Gan KF, Li HJ, et al. Modified Brostrém repair with and without
augmentation using suture tape for chronic lateral ankle instability.
Orthop Surg. 2019;11(4):671-678.

Xu HX, Lee KB. Modified Brostrém procedure for chronic lateral ankle
instability in patients with generalized joint laxity. Am J Sports Med.
2016;44(12):3152-3157.

Xu J, Peng L, Lu W. Letter to the editor on “A randomized comparison
between lateral ligaments augmentation using suture-tape and mod-
ified Brostrom repair in young female patients with chronic ankle
instability.” Foot Ankle Surg. 2018;24(6):555.

Yasui Y, Shimozono Y, Kennedy JG. Surgical procedures for chronic
lateral ankle instability. J Am Acad Orthop Surg. 2018;26(7):223-230.
Yoo JS, Yang EA. Clinical results of an arthroscopic modified Bros-
trém operation with and without an internal brace. J Orthop Trauma-
tol. 2016;17(4):353-360.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


