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Abstract

Background: The length and number of accessory bands of gracilis and semitendinosus tendons have high variability among Asian
population. Complications during graft harvesting might occur if the surgeon cannot correctly identify these complex structures.
Methods: We performed cadaveric knee specimen dissections (level of evidence: level III; descriptive laboratory study (anatomical
study)). Each of the accessory bands arising from semitendinosus and gracilis tendons was identified. Size and distance from the
origin of accessory bands to the tibial insertion were measured.
Results: Eighty knees were included in the study. For the semitendinosus tendon, we found the following accessory bands in our
specimens: no accessory bands in 6%, one band in 56%, and two bands in 38%. The longest distance of an accessory band from tibial
insertion was 9.8 cm, with an average distance for the first band of 4.5 cm. The number of accessory bands for the gracilis tendon
was, as follows: 0, 1, 2, 3 and 4 in 20, 39, 31, 9, and 1%, respectively. The longest distance of accessory band was 9.33 cm from tibial
insertion, with an average distance for the first band of 4.7 cm. We found the width of accessory bands in females to be wider than
males (P = 0.0001) and the width of accessory bands in right knees to be wider than those in left knees (P = 0.04).
Conclusions: In Asian populations, we found high variability of number of accessory bands from semitendinosus and gracilis ten-
dons. The average distance from the tibial insertion to the first accessory band was 4.5 cm. None of the bands arised more than 10
cm from the tibial insertion.
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1. Background

Ligament reconstruction of the knees is being increas-
ingly performed. Hamstring tendon autografts are com-
monly used because of their good mechanical property
and low donor site morbidity (1-3). One of the complica-
tions is premature rupture of tendon during graft harvest-
ing, which can be prevented by thoroughly identifying all
accessory bands arising from these tendons (1-8). If pre-
mature rupture of the graft occurrs, the diameter of the
graft would be shorter and smaller. The risk of failure will
be higher if the graft diameter is less than 8 mm (9). Two
previous studies (Candal-Couto and Deehan (10) and Ivey
and Prud’homme (11)) showed that the most proximal ac-
cessory band was attached to the semitendinosus and gra-
cilis tendons beyond 10 cm from tibial insertion. If the ac-
cessory band was far beyond 10 cm from the tibial inser-
tion, it would be more difficult to identify the band and the

chance of premature rupture of the graft would be higher.
In contrast to our experience, we had never noticed acces-
sory bands that arose beyond 10 cm and the recommenda-
tion from Frank et al. (12), he had suggested to clear all the
adhesions and free the tendon 10 cm from the tibial inser-
tion, which corresponds to our hypothesis.

We believed that race/ethnicity may be one of the
potential factors responsible for these disparate findings
since most previous studies have been conducted in the US
and Europe.

2. Objectives

Our aim was to identify anatomical variations of the ac-
cessory bands of hamstring tendons in the Asian cadaveric
specimens to prevent the risk of premature tendon rup-
ture.
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3. Methods

3.1. Data Collection

We examined cadaver knees which were used for teach-
ing medical students at the Department of Anatomy, Fac-
ulty of Medicine, Chulalongkorn University, Bangkok, Thai-
land. Institutional review board approved before preced-
ing the study. Our inclusion criterion was all the cadav-
ers that were used in the teaching year of 2015, and we
excluded cadavers with poor or damaged tissue in which
measurement cannot be done or may be invalid. Two in-
vestigators evaluated the tissue status in every step of dis-
section. If one out of two investigators noticed that the tis-
sue was not in optimum condition, we discarded that spec-
imen. Data including age, sex, weight and height were col-
lected. Surgical dissection was performed to identify semi-
tendinosus and gracilis tendons from the insertion on the
tibial crest and proximal to the musculotendinous junc-
tion. All accessory bands were identified from the origin to
the structure which they were inserted. We marked the in-
sertion of semitendinosus and gracilis tendons at the tibial
crest as reference points with pins and measured the dis-
tance from the reference point to the origin of each acces-
sory band with digital caliper (Becker model EC10, Mum-
bai, India). Width of the accessory bands was also mea-
sured at the area of its origin (Figure 1). Each of the two
investigators were assigned to measure three times with 1-
week intervals. The correlation between sex, height, side
of the knees, number and width of accessory bands were
calculated.

3.2. Statistical Analysis

The reliability was calculated using the intraclass cor-
relation coefficient (ICC). Descriptive statistics was pre-
sented as mean and standard deviation (SD). Statistical
analyses were calculated with the STATA program paired
t-test was used for mean comparison of normal distribu-
tions of continuous variables. Pearson’s correlation coef-
ficient was used to demonstrate correlation between indi-
vidual parameters. The level of statistical significance was
P < 0.05.

4. Results

We included all 80 knees from 40 cadavers in our study.
None of the cadavers were excluded in this study.

The ICCs for intra- and inter-rater agreements were >
0.90 for all measurements. The ICCs value of > 0.80 de-
fined an excellent agreement (13). The average age of the
cadavers were 72.8 years. The baseline characteristics were
not statistically different between male and female (Table
1).

Table 1. Baseline Dataa

Male (N = 38, 47.5%) Female (N = 42, 52.5%) P Value

Age, y 72.6 ± 17 72.9 ± 15.4 0.87

Weight, kg 63.1 ± 10 56.4 ± 11.2 0.54

Height, cm 166.8 ± 5.4 156 ± 6.8 0.66

BMI 22.6 ± 2.8 23.2 ± 3.1 0.73

aValues are expressed as mean ± SD.

For the semitendinosus tendon, we could not found ac-
cessory bands in 6% of our specimens, one band in 56% and
two bands for 38%. The average distance of the first acces-
sory band was 4.5 ± 1.5 cm from tibial insertion, and the
longest distance of accessory band was 9.8 cm from the
tibial insertion. The band’s insertion sites were gastrocne-
mius fascia (91%), tibial periosteum (8%), and sartorial fas-
cia (1%). Mean width of the accessory bands was 3.9 ± 1.7
mm.

For the gracilis tendon, we could not find accessory
bands in 20%, one band in 39%, two bands in 31%, three
bands in 9% and four bands in 1%. The average distance
of the first accessory band was 4.7 ± 1.7 cm from the tib-
ial insertion, and the longest distance was 9.3 cm from the
tibial insertion. The band’s insertion sites were gastrocne-
mius fascia (74%), tibial periosteum (22%), and sartorial fas-
cia (4%). Mean width of the accessory bands was 3.53± 1.45
mm.

Regarding gender, we found that accessory bands in fe-
males were significantly wider than males (4.0 ± 1.8 mm
vs. 3.5 ± 1.2 mm, P = 0.001), but the number of accessory
bands was not significant between females (4.9 ± 2.0) vs.
male (5.3 ± 1.9) (P = 0.34).

There were also found difference in the width of ac-
cessory band in the right knees, as compared to the left
knees (3.9± 1.7 mm vs 3.6± 1.4 mm, respectively) (P = 0.04).
The number of accessory bands found in the right and left
knees were not significant (5.1 ± 1.9 vs. 5.2 ± 1.8, respec-
tively) (P = 0.51) There may be a trend in the correlation be-
tween the height of cadavers and the number of accessory
bands (P = 0.07).

5. Discussion

Accessory bands arising from semitendinosus and gra-
cilis tendons are commonly found during graft harvesting
(10, 14, 15). Failure to identify these structures can lead to
premature amputation of the tendon (4, 6, 8, 14). Under-
standing the anatomical variations in this area may help in
reducing complications related to graft harvest especially
premature graft rupture (16). The graft should be at least
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Figure 1. The anatomical dissection and method of measurement

150 - 160 mm in length (75 - 80 mm loop graft) and 7 - 8
mm in diameter to secure the fixation and avoid risk of
graft failure. If the length and the size of the graft were not
adequate, alternative autograft or synthetic graft may be
used (17). Several studies have mentioned the location of
accessory bands. A study by Candal-Couto and Deehan (10)
looked at 10 cadaveric knees and found accessory bands
arising > 10 cm in 8. Reina et al. (18) dissected 30 fresh ca-
daveric knees and found accessory bands arising > 10 cm in
3. The only study by Yasin et al. (19) which measured acces-
sory band after harvesting form patients undergoing liga-
ment reconstruction, found that 5 from 25 specimens had
accessory band arising > 10 cm.

To our knowledge, this is the first study on anatomi-
cal variation of accessory bands of the aforementioned ten-
dons in a substantial number of cadaveric knee specimens
in Asians (80 embalmed cadaveric knees). In contrast to
the previous study (10, (18), (19)) we could not demonstrate
accessory bands arising more than 10 cm from the tibial in-
sertion. Average height and weight of our population were
close to the previous work by Reina et al. (18). We postu-
late that racial difference may play some role because most
prior studies were performed in the western population.

Semitendinosus has more constant anatomy. We
found only one accessory band in most of our case (56%)
and never found > 2 bands in any specimen. Unlike a pre-
vious paper by Yasin et al. (19) which found 3 bands in most
cases.

Gracilis has more anatomical variability. We found ei-
ther one or two bands in most cases (70%) but could find 3
- 4 bands in 10%. Twenty percent of gracilis tendons did not
have accessory bands, as compared with 6% in semitendi-
nosus. This high variability of gracilis tendon reminds sur-
geons to be more careful and look for all possible accessory
bands during graft harvesting.

The first accessory band which surgeons may en-
counter during graft harvesting is about 4.5 cm from the
tibial insertion which is 2 cm shorter compared to the
study in 102 lower limb by Olewnik in Poland. (20) These
findings were similar in both semitendinosus and gracilis
tendons. Most accessory bands inserted to the gastrocne-
mius fascia.

We found that the width of accessory band in the right
knees were wider than the left knees significantly, which
we hypothesized that more use of muscles and tendons on
the dominant side might explain this finding since most
of the general population were right-sided dominant. We
also found that the width of accessory bands in females
was wider than males. Biologic plausibility might be dif-
ficult to explain this finding but could relate to hormonal
difference. The widest accessory band in our study was 9.5
mm which is wider than the main gracilis tendon itself.
Surgeons should pay special attention during surgery not
to cut the main tendon rather than accessory bands by de-
termining only by the width.

Our limitation is that most of our cadavers were older
than 70 years old that might not reflect the general popula-
tion who need a knee ligament reconstruction. Due to em-
balmed cadavers, soft tissue distortion and shrinkage from
the process may not reflect the in vivo situation.

5.1. Conclusions

In Asian populations, we found high variability of
number of accessory bands from semitendinosus and gra-
cilis tendons. The average distance from the tibial inser-
tion to the first accessory band was 4.5 cm. None of the
bands arised more than 10 cm from the tibial insertion.
Our findings in our study would help surgeons to under-
stand more about anatomical structure in this ethnicity
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and prevent premature rupture of the hamstring auto-
graft.
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