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Abstract

Purpose Despite encouraging clinical, biomechanical and histological results, ACL reconstruction using the ITB was slowly
abandoned. The hypothesis was that the current literature supports the use of I'TB as the graft of choice for ACL reconstruc-
tion because of its good outcomes.

Methods A systematic search of the literature was performed in the PubMed, MEDLINE, Cochrane, and Ovid databases to
identify published clinical studies relevant to ACL reconstruction with ITB autograft and studies comparing ITB autograft
with bone—patellar tendon—bone (BPTB) and hamstring (HT) autografts (none were found). The results of the eligible stud-
ies were analyzed in terms of graft failure, instrumented knee laxity measurements, Lachman test, pivot-shift test, Lysholm
score, objective and subjective International Knee Documentation committee (IKDC) scores, Tegner activity score, return
to sports rate, return to sports at pre-injury level and complications.

Results Nineteen clinical studies including 1,210 patients with ACL reconstruction met the inclusion criteria. Graft failure
occurred after ITB autograft in 4.2% of patients. Postoperative mean side-to-side laxity was 1.41 mm with 21% of patients
having greater than 3 mm side-to-side difference. Lachman test and pivot-shift test were negative (grade 0) in 57% and 85%,
respectively, and were grade O or 1 in 95% and 97%, respectively. Functional outcomes were satisfactory in 84% of patients
with good to excellent results (Lysholm score > 84). Mean postoperative Lysholm score was 93.3 and 84% of patients had
an objective IKDC grade of A or B. Mean postoperative Tegner score was 6.8. The return to sports rate was 89% and 61%
of patients returned to their pre-injury level. A comparison of 89 ITB versus 80 BPTB autografts revealed no significant
differences in graft failure (n.s.), instrumented mean side-to-side knee laxity difference (n.s.) or Tegner score (n.s.).
Conclusion The graft survival rate and clinical and functional outcomes for ITB autograft are satisfactory. By allowing ACL
reconstruction and lateral tenodesis to be done with a single, continuous, pedicled graft through an outside-in femoral tunnel,
this technique may become the preferred alternative for primary or secondary ACL surgery.

Level of evidence Level IV
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PRISMA Preferred reporting items for systematic
reviews and meta-analyses

QT Quadriceps tendon
ROM Range of motion
SD Standard deviation
Introduction

Anterior cruciate ligament reconstruction using the iliotibial
band (ITB) was slowly abandoned and relegated to the ranks
of “old techniques” due to the invasive open harvesting of
the graft [6]. Indeed, the first description of ACL reconstruc-
tion with the ITB was published in 1917 by Hey-Groves
et al. [22] and popularized by Maclntosh et al. in 1974 using
an over-the-top technique [36]. Several authors have sub-
stantially modified this technique and improved it further
[2, 14, 26, 38]. The introduction of arthroscopy sparked the
development of new minimally invasive techniques [30, 35,
37]. There has been renewed interest in the ITB autograft
due to its potential use in the context of ACL revision sur-
gery, multiligament surgery or as an alternative during pri-
mary ACL surgery.

Currently, the ITB is commonly used for ACL recon-
struction in the pediatric population, as it spares the growth
plates [1, 31] in the context of traumatic ACL tears and/or
congenital ACL insufficiency [47]. ITB ACL reconstruction
appears to restore normal, symmetric, physiologic kinetic
and kinematic function in the growing knee [53].

The biomechanical properties of the ITB allow its use for
ACL reconstruction. Tensile strength and stress relaxation
properties are close to those of the native ACL [11, 43]. The
elastic modulus of the ITB is better than that of the patel-
lar tendon (610 vs 417 MPa) [49], which is considered the
gold standard for ACL reconstruction [7]. And according
to Chan et al., the mean ultimate load to failure (3266 N vs
1494 N) and stiffness (414 N/mm vs 224 N/mm) were sig-
nificantly higher for the ITB compared with bone—patellar
tendon—bone, respectively [8]. MRI studies and histological
analysis have shown that the ITB is viable when it replaces
the ACL [11, 29, 50].

The intra/extra-articular technique with the ITB allows an
ACL reconstruction and lateral tenodesis to be done from
a single harvest site, which will reduce the stresses on the
intra-articular portion of the graft [15], while keeping the
knee’s flexor and extensor mechanisms intact [19, 58].

Despite these encouraging clinical, biomechanical and
histological results, it is important to determine clinical rel-
evance of using the ITB in ACL reconstruction. The aim
of this study was to carry out a meta-analysis based on the
available data regarding I'TB autograft outcomes and on clin-
ical studies comparing I'TB autograft versus bone—patellar
tendon-bone (BPTB) and hamstring (HT) autografts in ACL
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reconstruction in terms of graft failure, stability, functional
outcomes and complications. It was hypothesized that the
current literature supports the use of ITB as the graft of
choice for ACL reconstruction because of its good outcomes.

Materials and methods

A comprehensive search of the published literature in the
PubMed, MEDLINE, Cochrane, and Ovid databases was
performed based on PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guidelines [40].
References from primary and review articles and major
orthopedic texts were cross-referenced to identify any addi-
tional articles that met the inclusion criteria and were not
identified in the original search. The following terms were
used as keywords: “iliotibial band”, “fascia lata” and “Mac-
Intosh” in combination with the terms “anterior cruciate
ligament” or “ACL”. All articles published up to February
1, 2020, were included, including articles published online.

Inclusion and exclusion criteria

This study included all original articles reporting on (1)
clinical studies of ACL reconstruction using ITB autograft,
(2) studies directly comparing the outcomes of ITB versus
BPTB; and (3) studies directly comparing the outcomes of
ITB versus HT, using either the semitendinosus-gracilis ten-
don or semitendinosus alone (three or four strands). All pro-
cedures were primary ligament reconstructions performed
for symptomatic acute or chronic ACL deficiency, with or
without meniscal injury, except for the Mirouse and al [39]
study, which reported ITB autograft outcomes in revision
ACL reconstructions.

Studies that failed to meet the inclusion criteria, such
as reviews, studies with less than 12 months of follow-up,
studies investigating outcomes after reconstruction of other
ligaments, studies of lateral tenodesis with the ITB alone
or in combination with intra-articular reconstruction using
another graft were excluded.

Quality assessment

In accordance with the guidelines of the Oxford Centre for
Evidence-Based Medicine (OCEBM) [44], the level of evi-
dence was used to evaluate the quality of each study and
summarized in Table 1. The Modified Coleman Methodo-
logical Score (MCMS) was used to evaluate the method-
ological quality; each study was assessed on ten criteria,
resulting in a final score ranging from O to 100 (Table 1).
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Data extraction and analysis

The articles identified in the searches were reviewed by two
authors. Data extraction was performed independently, and
any conflict was resolved before the final analysis. In clini-
cal and comparative studies, the outcome measures were
collected. When the data were not provided, the authors
were contacted by email. Statistical analysis was feasible
after summarizing homogeneous and comparable outcomes
between the studies. Parameters analyzed in this meta-anal-
ysis were (1) graft failure rate; (2) knee stability, including
mean side-to-side difference and percentage with greater
than 3 mm side-to-side difference (using KT-1000/2000 or
Rolimeter arthrometer), Lachman test grade 0 and grade 0O
or 1, and pivot-shift test grade 0 and grade O or 1; (3) func-
tional outcomes, including mean Lysholm score, percent-
age of Lysholm scores greater than 84 (corresponding with
good to excellent results), percentage of objective Interna-
tional Knee Documentation Committee (IKDC) grade A or
B (corresponding to normal or nearly normal knee), mean
IKDC subjective score, mean Tegner score, return to sports
rate, percentage of return to sport at pre-injury level; and (4)
complications, including reoperations for any cause, fixation
device removal, meniscus-related reoperations, reoperations
for other reasons and non-operative muscle hernia at the
graft harvesting site.

Statistical analysis

The study results were tabulated with the number of events
and total number of subjects in the ITB versus BPTB groups
(for graft failure, KT1000/2000 >3 mm, Lachman =0,
Lachman=0 or 1, pivot shift=0, pivot shift=0 or 1,
Lysholm > 84, return to sport, IKDC = A or B, reoperations
and non-operative muscle hernia at graft harvesting site).
Study results were tabulated with mean and standard devia-
tion (SD) together with total number of subjects in ITB ver-
sus BPTB groups for continuous endpoints (KT1000/2000,
Lysholm, Tegner and IKDC). Missing mean and SD were
assessed from the median, range, and sample size [24].
Missing SD (without median and range) was assessed based
on the sample size and mean value from reported P values
[16]. For the description of ITB results, the event frequency
or the weighted mean (continuous endpoint) were calculated
together with 95% confidence intervals (95%CI). The risk
ratio of an event for ITB versus BPTB based on the inverse
variance approach with their 95%CI was calculated. The
mean differences between ITB versus BPTB for continu-
ous endpoints according to the inverse variance approach
with their 95% CI were estimated. To assess heterogene-
ity across studies, forest plots as well as Cochran’s hetero-
geneity statistic and Higgins I*coefficients were used [23].
A p value <0.1 or I> > 50% was considered suggestive of
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statistical heterogeneity, prompting random effects mode-
ling. To assess small-study effects Funnel plots were gener-
ated [45]. None showed evidence of small-study bias. The
Review Manager 5.2 analysis software (The Cochrane Col-
laboration, Copenhagen, Denmark) was used throughout.

Results

Literature search, study selection, characteristics
and methodological quality

The literature search of the various databases identified 344
articles. A total of 324 articles were evaluated after dupli-
cates were excluded. After screening the titles and abstracts,
44 articles were included, and full texts were assessed for
eligibility. A total of 19 articles met our eligibility criteria:
13 articles reporting on outcomes of ACL reconstruction
with ITB autograft [4-6, 12-14, 19, 27, 28, 39, 42, 48, 59],
3 articles comparing the outcomes of ITB autograft versus
those of BPTB autograft [46, 52, 54], O articles compar-
ing the outcomes of ITB autograft versus those of HT and
3 articles reporting on outcomes of ACL reconstruction
with ITB autograft in a pediatric population [32, 33, 57]. A
total of 1,210 patients were included in this meta-analysis.
Descriptive study characteristics are shown in Table 1. A
flowchart of the literature search is provided in Fig. 1. Most
of the studies included in this review were retrospective case
series. The levels of evidence assigned to the included stud-
ies were level 2 for two studies, level 3 for one study, and
level 4 for 16 studies. The average MCMS of the articles
was 64.5 +11.7, with the majority falling in the ‘‘fair’’ range
(Table 1).

ITB outcomes

In total, 1,130 ITB autografts used in ACL reconstruction
were analyzed, including 750 from articles reporting on
adult ITB outcomes, 291 from articles reporting on child
ITB outcomes, and 89 from articles comparing ITB ver-
sus BPTB autografts. Outcome measures are summarized
in Table 2.

ITB versus BTBP outcomes

In all, the outcomes of 89 ITB versus 80 BPTB autografts
were analyzed statistically. The results of this analysis are
provided in Table 3. No significant difference was found
between the ITB and BPTB groups in term of graft survival
(Fig. 2), laxity (Fig. 3) and functional scores.



Knee Surgery, Sports Traumatology, Arthroscopy

Fig.1 PRISMA (Preferred
Reporting Items for Systematic

Meta-Analyses) study selection Identification
flow diagram. ITB: iliotibial
band; BPTB: bone—patellar
tendon—bone autograft
Screening

Eligibility

Included

Discussion

The most important finding of the present study was that
ITB provides satisfactory outcomes for ACL reconstruction,
yielding a stable and functional knee with low graft failure
rates. The analysis of comparative studies revealed that the
outcomes and graft survival rates were comparable with
BPTB autografts, which are considered as the gold standard
for ACL reconstruction [7]. This meta-analysis shows that
ITB is a suitable graft and supports its use as an alternative
graft for ACL reconstruction, confirming our hypothesis.

Overall, this meta-analysis of 839 adults treated with an
ITB autograft was in line with a meta-analysis of outcomes
after ACL reconstruction with an BPTP or HT autograft [17]
and with another meta-analysis of outcomes with quadriceps
tendon (QT) autograft [41] (Table 4).

In terms of knee laxity in adults, in the present meta-anal-
ysis, the postoperative mean side-to-side laxity was 1.41 mm
with 21% of patients having more than 3 mm side-to-side
difference. Similarly, in the meta-analysis by Freedman
etal., 21% of 1,153 BPTB graft patients and 26% of 562 HT
graft patients were reported to have more than 3 mm side-
to-side laxity. Moreover, in the meta-analysis by Mouarbes
et al., 24% of 1,277 QT graft patients were reported to have
more than 3 mm side-to-side laxity and the postoperative
mean side-to-side laxity was 1.72 mm.

The knee laxity, rotational stability (pivot shift) and rup-
ture results are similar to those found by Mouarbes et al.
for the QT and by Freedman et al. for the BTBP and the
HT (Table 4). The return to sports rate at pre-injury levels
(61%) was similar to the one reported by Freedman for the
BTBP (67%) and the HT (66%) or by Ardern et al. in another
meta-analysis where all the graft types were pooled together
(63%) [3]. The overall return to sports rate for the ITB is

)

344 articles
identified

N~—

324 articles
screened

_I—J
f_%

44 articles
assessed

20 duplicate
articles excluded

280 articles not
eligible by title or
abstract

- N
13 studies 3 studies 3 studies
evaluating adult evaluating child comparing ITB
ITB outcomes ITB outcomes versus BPTB

higher than the one found by Ardern et al.: 89% versus 82%,
respectively [3].

In terms of complications, a high number of reoperations
were needed to remove the surgical fixation devices (19%).
Most patients who required a reoperation had gotten one
staple for the femoral fixation and two staples at the tibia [4,
5, 14, 28]. This high rate of reoperations for device removal
is not found with over-the-top techniques [6] or in pediatric
studies [32, 33, 57] that use suture fixation, nor in techniques
where an interference screw is used at the tibia and/or a
single staple without femoral fixation [13, 39, 48]. Simi-
larly, the rate of non-surgical muscle hernia at the harvest
site was 11%. This complication mainly occurred in studies
where the fascia lata was not closed after harvesting the graft
[4-6, 14, 28]. Since Jaeger et al and Khiami et al [26, 30]
described how to slide and laterally translate the intermus-
cular septum to make it easier to close the harvest site, this
complication is now insignificant [39, 48].

Three articles directly comparing ITB and BPTB auto-
grafts were found in the literature. Comparable outcomes
with no significant difference were found for stability out-
comes (mean side-to-side difference), functional outcomes
(Tegner score), and rate of graft failure. This meta-analysis
was limited by the number of comparative studies involving
the ITB and by the relatively small number of patients.

The technique featured here makes it possible to carry out
ACL reconstruction and lateral tenodesis with a single con-
tinuous graft. Lateral tenodesis increases rotational stability
and minimizes the risk of retears [10, 21, 25, 51, 55, 56].
Adding a lateral tenodesis procedure yields better results
in patients with chronic instability or in those undergoing
revision surgery [20, 34, 55]. The technique featured here
provides a continuous graft that is left attached to Gerdy’s
tubercle. This anatomical attachment helps to preserve the

@ Springer
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Table.3 Outcomes measures
analyzed from iliotibial band
versus bone—patellar tendon—
bone autograft studies

Number Studies N Mean difference (95% Risk ratio (95% CI) P value
ITB/BPTB CI) ITB-BPTB ITB:BPTB
Graft failure 55/54 2 147 (0.41t05.24) ns
Side-to-side difference  45/38 2 0.76 (—0.04 to 1.56) n.s
Tegner 52/46 2 —-0.04 (—-1.22t0 1.14) n.s

ITB iliotibial band; BPTB bone—patellar tendon—bone; CI confidence interval; n.s non-significant

ITB BPTB Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Jorgensen 1998 1 30 0 30 16.2% 3.00[0.13,70.83] —=
Stensbirk 2013 4 25 3 24 83.8% 1.28[0.32,5.13]
Total (95% Cl) 55 54 100.0% 1.47 [0.41, 5.24]
Total events 5 3

Heterogeneity: Chiz = 0.23, df =1 (P = 0.63); 12 = 0%
Test for overall effect: Z = 0.59 (P = 0.55)

001 0.1 1 10 100
Favours ITB Favours BPTB

Fig.2 Graft failure forest plot. Forest plot showing the risk ratio of graft failure for the iliotibial band (ITB) versus bone—patellar tendon—bone

(BPTB) autograft

ITB BPTB Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Poulsen 2003 2 15 34 1 2 26 76.0% 1.00][0.08,1.92] ——
Stensbirk 2013 2 11 2 2 12 24.0% 0.00[-1.64, 1.64]

Total (95% Cl)

Heterogeneity: Chi? = 1.09, df =1 (P = 0.30); I = 8% ! J
Test for overall effect: Z = 1.86 (P = 0.06)

45 38 100.0% 0.76 [-0.04, 1.56]

2 - 0 1 2
Favours ITB Favours BPTB

Fig.3 Mean side-to-side difference forest plot. Forest plot showing the mean side-to-side difference in anterior tibial translation between the
operated and contralateral knees between patients receiving iliotibial band (ITB) or bone—patellar tendon—bone (BPTB) autografts

Table.4 Outcome measures
analyzed from 4 different
autografts in 3 meta-analysis
studies

Graft ITB (Our study QT (Mouarbes et al.) BPTB HT (Freed-

data in adults) (Freedman man et al.)
etal.)
Graft failure, % (95% CI) 4.2 (2.6-5.7) 2.1(1.4-2.8) 1.9 4.9
Side-to-side difference, weighted 1.41 (1.35-1.47) 1.72 (1.69-1.75)
mean, mm (95% CI)

Side-to-side difference >3 mm, % 20.8 23.7 21 26.2

Lachman grade 0, % 57.0 81.2

Lachman grade O or 1, % 95.0 96.1

Pivot-shift grade 0, % 84.8 84.8 822 81.8

Pivot-shift grade O or 1, % 97.3 97.7 96.7 95.5

Lysholm score, weighted mean 93.3 90.7

Lysholm score > 84, % 84.4 87.9

Objective IKDC A or B, % 83.9 87.1

Tegner score, weighted mean 6.8

Return to sport, % 89.2

Return to sport at pre-injury level, % 61.2 67.2 65.6

ITB iliotibial band; QT quadriceps tendon; BPTB bone—patellar tendon—bone; HT hamstring tendon; CI
confidence interval; IKDC international knee documentation committee
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vascular network vital to the graft’s ligamentization [9].
Furthermore, this anatomical attachment allows surgeons
to carry out lateral tenodesis without having to drill a tibial
tunnel for fixation, which reduces for the risk of tunnel con-
vergence and proximal tibial weakening.

The present study was the first meta-analysis to assess
the outcomes of ITB clinical studies statistically and it fea-
tured a large number of ACL reconstructions using an ITB
autograft.

Several limitations of this analysis warrant mention. First,
the MCMS of the studies included in this review limits our
ability to draw definitive conclusions. Indeed, the majority
of studies identified did not meet the recommended quality
criteria [18], as, for the most part, they were case series
analyzed retrospectively. Moreover, the studies featured
substantially different surgical techniques (MacIntosh lateral
substitution over the top, modified Hey-Grooves, Marshall’s
method modified by Andersson, MacIntosh modified by Jae-
ger, Maclntosh modified by Khiami, physeal sparing in a
pediatric population), different fixation methods (interfer-
ence screw, 1 or 2 staples, suture) and different rehabilitation
protocols.

Furthermore, the oldest study was published in 1985, at
which point the reconstruction was done through a medial
arthrotomy, the graft was passed under the lateral collateral
ligament (LCL), the fascia lata was not reclosed and both
the tibial and femoral fixations were done with sutures. The
most recent study was published in 2017; in that study, the
ligament reconstruction was done arthroscopically, the graft
was passed over the LCL, the fascia lata was reclosed and
dual tibial fixation was done with an interference screw and
a staple. This large variation over time may have contributed
to underestimating the quality of the current technique. In
fact, complications such as hematomas and postoperative
muscle hernias [28] have been virtually eliminated through
careful closure of the fascia lata and meticulous hemostasis
after releasing the tourniquet [30, 35]. Second, the follow-up
time varied between studies and thus may have impacted our
findings. Third, the comparative component of the meta-
analysis had only three articles and relatively few patients.
This is a limitation of the literature itself, although we felt it
was necessary to highlight the lack of data on this issue and
the non-significant results on the risk of retear in comparison
with BPTB grafts. Prospective and randomized trials are
needed to adequately determine the non-inferiority of these
two techniques.

The present study revealed that ITB ACL reconstruction
has satisfactory outcomes, yielding a stable and functional
knee with low graft failure rates. Despite these limitations,
the findings of this meta-analysis highlight the possibility
of using the ITB in the context of ACL revision surgery,
multiligament surgery or as an alternative during primary
ACL surgery.

@ Springer

Conclusion

The clinical and functional outcomes and the graft survival
rate for ACL reconstruction with an ITB autograft are
satisfactory. By allowing ACL reconstruction and lateral
tenodesis to be done with a single, continuous, pedicled
graft through an outside-in femoral tunnel while being
associated with low donor site morbidity, this technique
may become the preferred alternative for primary or sec-
ondary ACL surgery.
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