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Does harvesting of the semitendinosus
tendon really spare the gracilis in
pediatric anterior cruciate

ligament reconstruction?
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Abstract

Purpose: The use of isolated semitendinosus tendon for Anterior Cruciate Ligament Reconstruction bears several
advantages and is popular worldwide. It assumes that the gracilis tendon is spared. The aim of the study was to measure
the surface area of the gracilis tendon in children who had undergone arthroscopic reconstruction of the anterior
cruciate ligament using a semitendinosus tendon graft. Our hypothesis was that the gracilis tendon may be unintentionally
and iatrogenically sectioned due to the anatomical proximity and the small size of the patients.

Methods: Fifty patients who had undergone a magnetic resonance imaging preoperatively and postoperatively at | year
from the surgery and who had been operated between January 2017 and March 2019 were included in this prospective
series. The surface area of the gracilis tendon was measured on fat-saturated T2-weighted axial views at the widest point
of the medial epicondyle of the femur. Age, sex, body weight, and height were documented.

Results: One hundred magnetic resonance imaging of 50 knees were reviewed, from 34 boys (68%) and 16 girls (32%).
The mean age was 14.5years (10—18). The gracilis was visualized in all cases at | year postoperatively. The average
tendinous surface area of the gracilis before the surgical procedure was 7.13 mm? versus 8.73 mm? at | year, representing
an increase of 1.6mm? (p=0.0003).

Conclusions: This study demonstrated that harvesting of the semitendinosus for the purpose of Anterior Cruciate
Ligament Reconstruction was a safe technique that preserves the gracilis.

Level of evidence: Ill.
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knee. Its function involves adduction of the hip joint,
flexion—internal rotation of the knee, and a role in con-
trolling excessive external rotation of the tibia, thereby

Introduction

Reconstruction of the anterior cruciate ligament (ACL)
has seen numerous past and present developments. It is
one of the main procedures performed in elective orthope-

dic surgery. The use of the semitendinosus (ST) as a single
tendon graft is growing,! therefore sparing the gracilis.
The gracilis is a biarticular muscle, which originates
on the inner third of the inferior edge of the ischiopubic
ramus (ischial tuberosity) and, after traveling diago-
nally downward and outward, inserts distally on the
medial side of the proximal tibia (pes anserinus), a com-
mon insertion for the ST.? This anatomical proximity
may generate iatrogenic injuries during harvesting of
the ST, especially in small size adolescents. Curtis
et al. described its anatomy in the medial region of the
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serving as a protective factor for the graft in case of
ACL reconstruction. Furthermore, these pes anserinus
tendons significantly contribute to the stability of the
knee, and namely in internal rotation.*3 It therefore
seems useful to preserve this muscle group, hence the
isolated use of the ST rather than the ST/gracilis combi-
nation, especially since some studies show that using a
single tendon does not adversely affect the results of
ACL reconstruction.®

The aim of this study was to answer a simple question
that remains without clear answers in the literature: does
isolated harvesting of an ST tendon graft really preserve
the gracilis? Our hypothesis was that gracilis tendon may
be injured.

Materials and methods

A prospective, consecutive, single-center cohort of 50
patients who had undergone ACL reconstruction from
October 2017 to April 2019 using isolated ST graft was
analyzed. This entire cohort had received a preoperative
magnetic resonance imaging (MRI) and postoperative
MRI 1 year after the procedure.

Patients

There were 17 girls (34%) and 33 boys (66%), with a
mean age of 14.5years (minimum: 12/maximum: 17).
The mean weight was 54.4kg (minimum: 36 kg/maxi-
mum: 90kg), the mean height was 161 cm (minimum:
140 cm/maximum: 174 cm). The mean Tanner stage was
2.8 (minimum: 2/maximum: 4). All but one patients
were skeletally immature at the time of surgery, accord-
ing to knee radiographs.

Surgical technique

Harvesting was carried out through a 2-cm oblique inci-
sion to the anteromedial aspect of the tibia. The fascia was
incised, the gracilis tendon, more proximal than the ST,
was identified then retracted using a dissector. The ST ten-
don was in turn identified and hooked out then harvested
using an open stripper (Mitek DePuy Synthes, Raynham,
MA, USA).” Pes insertion was not repaired at completion
of the procedure. The procedures were carried out by two
senior fellowship-trained pediatric orthopedic surgeons,
each performing about 50 Anterior Cruciate Ligament
Reconstruction (ACLR) in skeletally immature individu-
als yearly. They used the transphyseal arthroscopic tech-
nique according to Accadbled.?

Acquisition of MRI images

All the MRI images were acquired using a 1.5-T MR sys-
tem (Toshiba Vantage Titan, Japan). The knee was in
extension throughout the entire acquisition.

The standard protocol for each patient consisted of
acquisition of the following sequences in the three ana-
tomical planes (coronal/sagittal/axial):

o Fat-saturated T2-weighted.
o Tl-weighted.

Two orthopedic surgeons conducted a double reading
of each pre- and postoperative MRI, without consulta-
tion concerning the obtained results. Each reader thus
performed 100 MRI readings, and then a new reading
was done 1 week later. No measurement recordings had
been done on the console to avoid influencing the second
reading.

This reading had a dual purpose:

e First, to address the primary endpoint of the study,
namely, is the gracilis preserved on the MRI 1year
postoperatively?

e Second, if the answer to the previous question was
affirmative, the reader then proceeded to measure
the cross section of the gracilis at a predetermined
slice level, which we are going describe. The mea-
surement was done twice, on each preoperative and
postoperative MRI, with the objective of determin-
ing the intra- and inter-observer variation of this
measurement.

Level of measurement

Based on the literature, many authors agree on the fact
that the most reliable location is the widest portion of the
medial epicondyle of the femur, as illustrated by the
MRI slice in Figure 1.° In this regard, on a fat-saturated
T2-weighted MRI sequence, we can easily visualize the
gracilis tendon, which is found laterally from the ST.

Measurement method

We used a dedicated MRI radiology console in the
Department of Radiology (syngo.via). This console
allowed us to measure a surface area in mm? units using
a freehand region of interest (ROI) on a fat-saturated
T2-weighted axial slice when it had been validated that
the gracilis was present postoperatively (Figure 2). This
measurement method (MRI sequence, slice, and ROI
selection) was validated by a senior fellowship-trained
radiologist specialized in musculoskeletal imaging.

Statistics

Statistical analyses were performed using R software
(Version 1.1.456—© 2009-2018 RStudio, Inc.). Univariate
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Figure I. Right knee. Fat-saturated T2 MRl slice illustration:
(I) gracilis (2) semitendinosus.
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Figure 2. Left knee. Fat-saturated T2, axial MRl slice, gracilis
tendon identified medially from the semitendinosus (arrow),
measured by the freehand ROI tool. Window indicating the
measurement in mm?, performed with Siemens syngo.via MRI
reading software.

descriptive analyses were done to describe our sample.
Cronbach’s alpha was used for intra-observer reliability.
Tests to determine the intra-class correlation were done to
evaluate inter-observer reliability. Linear regression analy-
sis was used to analyze the relationship between the

surface area of the gracilis and age, gender, weight, height,
and body mass index (BMI).

Results

There was no statistically significant influence of age
(p=0.2), gender (p=0.3), height (p=0.3), weight (p=0.3),
or BMI (p=0.4) on preoperative gracilis tendon surface
area. The gracilis was present in 100% of the postoperative
MRIs. The ST tendon was harvested each time, with no
visible iatrogenic injury to the gracilis. We also observed a
mean increase of 1.5mm? of the gracilis surface area.
There was excellent intra- and inter-observer reliability
(Tables 1 and 2). Diameter of the tendon grafts once pre-
pared in a 4-strand fashion ranged from 7 to 9 mm. There
were no complications, no re-ruptures, and no patients
were lost to follow up at the time of the second MRI,
12 months after ACLR.

Discussion

The gracilis tendon was present in all postoperative MRIs
and did not show any form of previous injury. This study
first showed that the harvesting technique of the ST tendon
was reliable and did not endanger the gracilis tendon, in
spite of their close anatomical proximity and the pediatric
population. Indeed, the relatively small size of the pes
anserinus in children and the frequent need to extend the
harvest of the ST tendon to its periosteal attachment to
obtain a longer graft represent specific risks of damaging
the gracilis tendon. The MRI reading technique (MRI
sequence, slice, and ROI selection), validated by a radiolo-
gist specializing in pediatric musculoskeletal imaging, was
reliable and reproducible.

The evolution of the gracilis tendon at 1 year showed a
tendency to increase its surface area. This increase may
suggest compensation of the gracilis following the loss of
the ST. Both muscles are indeed knee flexors, and we can
interpret this increase as the gracilis taking over a func-
tion that is usually ensured by both these muscles. A
study conducted by Konrath et al.'° found a similar result
with the biceps femoris 2 years after the combined har-
vest of the ST and the gracilis for ACLR. During the pro-
cedure, they observed a volumetric increase in the biceps
femoris, which in this case was interpreted as a compen-
satory phenomenon. This concept, however, contrasts
with different studies on muscle strength recovery in
patients following hamstring allografts. Rogowski et al.’
showed no difference in the muscle recovery of patients
who received a graft using the ST or a ST/gracilis combi-
nation. The follow-up was only 6 months, however, and
this raises the question as to whether the follow-up was
too short to assess muscle recovery.’ Our cohort was
comprised of children and adolescents with a mean age
of 14.5 years and mostly male, thus with a still significant
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Table I. Reader A and B results.

Gracilis present  Preoperative Postoperative Preoperative/ p-value

postoperative gracilis section gracilis section postoperative difference

MRI (mm?, average)  (mm? average)  (mm? average)
Reader A, first measurement 100% 7.13 8.63 1.50 0.0003
Reader A, second measurement 100% 7.01 8.57 1.53 0.0001
Reader B, first measurement 100% 7.03 8.57 1.50 0.0001
Reader B, second measurement 100% 7.005 8.54 1.53 0.0001

MRI: magnetic resonance imaging.

Table 2. Inter-observer reliability.

Intra-class correlation

95% Cl—lower limit 95% Cl—upper limit

First reading preoperative MRI 0.85
Second reading preoperative MRI 0.98
First reading postoperative MRI 0.989
Second reading postoperative MRI 0.995

0.76 0.91
0.97 0.99
0.980 0.994
0.992 0.997

ClI: confidence interval; MRI: magnetic resonance imaging.

growth potential. Although this absolutely does not influ-
ence the result of our primary endpoint, it may, however,
have repercussions on our secondary endpoint due to
growth. Several studies have also shown a relationship
between height, weight, and BMI for the cross-sectional
surface area of these tendons.!! Other authors have
focused on this potential link, their aim being to predict
the diameter of the graft at the time of surgery via the
preoperative MRI in order to have an additional argu-
ment for the choice of graft since a too small diameter
would increase the risk of graft rupture.®

Although these studies show a connection between the
anthropometric data and the diameter of the hamstring ten-
don, it can be safely assumed that with a 1-year interval
between the two MRIs, the evolution of these data poten-
tially influenced this increase due to growth. Functional
preservation of the gracilis is favorable because of its role
in controlling excessive external rotation of the tibia,
thereby being a protective factor of the graft. Its preserva-
tion also enables it to be used in case of revision surgery,
but also in various other ligament reconstruction proce-
dures such as medial patellofemoral ligament,'? lateral col-
lateral ligament of the ankle,'® anterolateral ligament of
the knee,'* or acromioclavicular ligament. '3

The first limitation of this study stems from the fact
that we base the results on two senior surgeons, experi-
enced in pediatric ligament surgery and specifically in
this surgical technique and this harvesting method. It
can therefore be emphasized that the gracilis is certainly
preserved but that this study does not take into consid-
eration a learning curve. Indeed, in this context, it can
be easily conceived that errors in tendon harvesting are
more frequent but also that the learning curve of the

technique can result in iatrogenic injury of the gracilis,
which can then go unnoticed. Another limitation of this
study is that our observations were purely based on
imaging without clinical data. Although the primary
objective of this study did not require a clinical com-
parison to be confirmed, the secondary endpoint opens
a prospect for new studies. Indeed, we think it would be
interesting to establish a link between this increased
caliber and muscle strength, which would thus deter-
mine whether the gracilis is truly adapting to the absence
of the ST. Another element that this observation could
provide in terms of clinical application is protection of
the graft from the risk of re-rupture through stress on
the valgus, especially in girls. The distal limit of the
MRI from the knee, sometimes located above the level
of the pes anserinus, which is a technical acquisition
pitfall of imaging, in association with a measurement
made above the joint space, would prevent a guarantee
that there is no gracilis injury at its tibial insertion since
the MRI does not allow us to access there. MRI analysis
was not truly blinded as the intercondylar notch was
visible and a reader would have been able to identify if
ACL was present or not and notice potential traumatic
changes on preoperative images. Finally, no control
group was available to evaluate potential gracilis
regrowth after tendon harvest.

Conclusion

This study demonstrated that harvesting of the ST for the
purpose of ACL reconstruction preserved the gracilis. We
also observed a trend to hypertrophy of the gracilis after
harvesting, which opens prospects for further studies.
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