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Histological alterations to the hamstring tendon
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SUMMARY

Introduction. This study evaluates histological alterations in the hamstring tendon
caused by cleaning the muscle fibers during preparation of an autograft for anteri-
or cruciate ligament reconstruction. Methods. We collected semitendinosus tendons
from 6 patients who underwent anterior cruciate ligament reconstruction and used a
curette to scratch the tendon for cleaning. Three groups of increasing repetitions of
scratching (5, 10, and 15) were compared to a control (no scratching). Histological
alterations in the tendon were evaluated using the modified Bonar score. Immuno-
histochemical analysis was also performed for type I collagen, with measurement of
the area stained for type I collagen and cell numbers in the collagen fibers. Results.
The mean modified Bonar score was 0.8 in the control group, and 3.2, 5.7, and 7.2 for
the 5-, 10-, and 15-repeated scratching groups, respectively. The area of type I colla-
gen staining decreased with increasing number of scratches (P<0.05 for all groups),
with a decrease of >50% in cellular density between the 5- and 10-repetition groups
(P=0.004). Conclusion. Cleaning the hamstring tendons by scratching caused histolog-
ical alterations and damage to type I collagen. Specifically, cellular density decreased
markedly on scratching 10 times, suggesting that excessive curettage, leading to >10
scratches, might be deleterious.
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INTRODUCTION

The anterior cruciate ligament (ACL) is a knee joint liga-
ment that is frequently damaged. ACL rupture causes
instability of the knee, which increases the risk of menis-
cus injury and early-stage osteoarthritis (1). Conservative or
surgical treatment is performed to restore knee stability to
the preinjury level (2). ACL reconstruction is favored for
younger and more active patients, allowing for an earlier
return to activities and competitive sport (3). Some studies
have reported comparable outcomes for double-bundle and
single-bundle ACL reconstruction, with no differences in
clinical knee scores and knee extension and flexion muscu-
lar strength between the two graft types (4,5). Hamstring
autograft is primarily used for double-bundle ACL recon-

struction. In highly physically active patients, <45 years of
age, allografts are not recommended because of the high risk
of re-rupture(6). Although the maximum failure strength
of hamstring tendons is lower than that of bone-patellar
tendon-bone grafts, multiple folding of the tendon increases
the tensile strength of the graft sufficiently for ACL recon-
struction and, therefore, hamstring tendons are frequently
the first choice for ACL graft material (7).

Hamstring tendons are categorized as dense connective
tissue. Histologically, they have smaller cell nuclei, less
proteoglycan, and more type I collagen fibers than the ACL
(8). However, after ACL reconstruction, a graft undergoes
transformation, from a stage of initial necrosis to revascu-
larization, cell growth, collagen reconstitution, and matura-

217



Histological alterations to the hamstring tendon

tion, a process known as “ligamentization” (9). Through this
graft remodeling process, which lasts for a year or more, a
reconstructed graft transforms into tissue that resembles a
healthy ACL but is not exactly the same (10).

Research into the healing process of human grafts has
increased in recent years. Clinical factors known to affect
graft healing include graft isometricity, anatomical position-
ing, patient compliance, the healing response, vascularity,
biomechanical strength, and post-operative rehabilitation
(11). However, much remains unclear about how the heal-
ing process is affected by damage during the preparation
of the hamstring autograft itself. In practice, excess muscle
fibers must be cleaned from the tendon using a perioste-
al elevator or curette during preparation (12). This cleaning
involves scratching the muscle fibers on the tendon multiple
times using one of these tools. Scratching can cause micro-
scopic damage to the tendon, but the degree of histological
alteration is unclear. Therefore, the purpose of this study
was to assess the histological alteration caused by tendon
cleaning during the preparation of hamstring autografts.
Our hypothesis was that the more times a hamstring tendon
is scratched during cleaning, the greater the histological
damage. Furthermore, the specific aim of this study was to
determine the number of scratches that cause deleterious
damage to the hamstring autograft.

MATERIALS AND METHODS

Graft preparations

Institutional review board approval and informed consent
were obtained before all experimental studies.

Six consecutive patients (2 women, 4 men; mean age, 22
years, range, 19 to 26 years), who underwent double-bundle
ACL reconstruction using semitendinosus (ST) and gracilis
tendon autografts, between February and April 2017, were
enrolled into the study. For the ACL reconstructions, a 2-3
cm vertical skin incision was made above the pes anseri-
nus, medial to the tibial tubercle, and both tendons were
collected using a tendon stripper. The ACL reconstruction
graft was created using both the ST and G tendons. The
average length of the ST tendon was 24 cm (range, 23-26
cm). The ST tendon was doubled, and the length of the
graft was made over 6.5 cm, so that the ST tendon was left
at over approximately 10 cm. The histological analysis was
conducted using the tendon part of the excised ST tendon.
For cleaning, the extracted tendons were fixed to a prepa-
ration board (GRAFTMASTER; Smith & Nephew, USA)
and scratched in one direction (left to right) using a curette
(ACUFEX NOTCHMASTER 8 mm Curette; Smith &
Nephew, USA), with an 8.0-mm wide tip (Figure 1A). Five
surgeons performed a scratching test of 5, 10, and 15 repeti-
tions along the ST tendon, with an average applied force of
2.5 N (range, 1.3-3.3 N), measured using a Newton meter.
A non-scratched section was used as a control. The control
and the three different areas of scratching (5, 10, and 15
repetitions) were then cut every 1 cm for histological analy-
sis (Figure 1B).

Histological analysis

The ST specimens were fixed with a 10% formalin solution
and embedded in paraffin blocks. Sections were created by
making 6-um slices, parallel to the direction of the scratch-

Figure 1. The scratching methods. (A) Semitendinosus (ST) tendons were scratched from left to right using a curette. (B) The
cut pieces of ST tendon are shown from left to right, as follows: 0, 5, 10, and 15 times. Bar, 10 mm.
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es. Sections were then subjected to hematoxylin-eosin
staining. The degree of histological alteration was assessed
using the modified Bonar scoring system (13). This score
describes the extent of degeneration of the tendon based on
the following 5 features: cell morphology, collagen arrange-
ment, cellularity, vascularity, and ground substance. Each
feature has a maximum score of 4 points, and the scores for
each of the 5 features are summed to obtain the total score,
with a higher score being indicative of greater damage. The
Bonar score for the control and 3 scratch types (5, 10, and
15 repetitions) was then compared.

Immunohistochemical analysis

Rabbit anti-type T collagen antibody (ab34710; Abcam,
Cambridge, UK) was used to assess deposits of type I colla-
gen in the areas on the tendon that were scratched, as previ-
ously described (14). Six-pm sections were deparaffinized in
xylene and incubated with 20 pg /ml proteinase K (Abcam).
For staining, the rabbit antibody was diluted in a block-
ing buffer and incubated overnight at 4°C. Samples were
washed 3 x 5 min in PBS and incubated for 1 h with second-
ary antibodies in blocking buffer. Slides were then washed
three times in PBS, counterstained with hematoxylin. Photo-
shop CC (Adobe, San Jose, CA) and Image J v.1.45 was
used to extract the areas stained by collagen deposits (15).

Next, the same analysis threshold was set for all groups (0,
5, 10, and 15 repetitions) to calculate type I collagen-stained
areas (%), as described (16). The collagen-stained area was
quantified as a percentage of the total area of the tendon
section (17). In addition, the cell numbers within collagen
fibers were counted. The cellular density (cell count/mm?)
was quantified and the values were compared among the
4 groups. The mean value derived from the five different
images was evaluated by two observers.

Statistical Analysis

All data were expressed as means + standard deviation
(SD). Histological scoring was performed by 2 indepen-
dent investigators, who were blinded to the results. Inter-
class correlation coefficients (ICCs) for intra-observer and
inter-observer agreement were calculated. Differences
among groups were compared using the Mann-Whitney
U-test. Statistical significance was established at P<0.05.

RESULTS
Histological analysis

Figure 2 shows the hematoxylin-eosin stained specimens
for each number of scratches. As the number of scratch-
es increased, cell counts decreased and fiber bundles sepa-

Figure 2. Histological photographs of the same semitendinosus (ST) tendons after hematoxylin-eosin staining (40x). (A) The
control group (no scratching). (B) 5-repetition group. (C) 10-repetition group. (D) 15-repetition group. Bars, 50 um.
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rated. As for vascularity, a small number of vascular struc-
tures were observed between fibers in the no scratching and
5-repetition groups, with no vascular structures observed
in the 10- and 15-repetition groups, the latter being scored
as ‘0’ on the Bonar scale. The modified Bonar score was
0.8+0.4 for the control (no scratching group), increasing
for the three scratching groups as follows: 5-repetitions,
3.2+1.5; 10-repetitions, 5.7+1.5; and 15-repetitions, 7.2+0.4
(Table I). The Bonar score increased as a function of the
number of scratches (Figure 3A), with a significant differ-
ence in score between the control (no scratch) group and
the 5-repetition group (P=0.003), as well as between the 5-
and 10-repetition groups (P=0.023). The Bonar score for
collagen arrangement was significantly different between
the three groups (Figure 3B), with cellularity being signifi-
cantly increased between the 5- and 10-repetition groups
(P=0.009). The intra-observer and inter-observer ICCs for
the Bonar scoring system in this study were 0.82 and 0.77,
respectively.

Immunohistochemical analysis

The type I collagen-stained specimens are shown in Figure
4. The mean type I collagen-stained area was 88.4+5.8%
in the control (no scratch) group, decreasing to 71.4+7.0%
in the 5-repetition group, 50.0+8.2% in the 10-repetition
group, and 35.6+6.8% in the 15-repetition group (Table I).
The type I collagen-stained area decreased as the number of
scratches increased, with a significant difference between all
groups (P<0.05, Figure 5A). The mean cellular density was

44.9+11.3/mm? in the control (no scratch) group, decreas-
ing to 38.7+11.6/mm? in the 5-repetition group, 17.6+5.7/
mm? in the 10- repetition group, and 13.6+5.6/mm? in the
15- repetition group (Table I). The density in the 10-repeti-
tion group was less than half the density in the 5-repetition
group (p=0.004, Figure 5B). Intra- and inter-observer reli-
abilities were excellent (ICC>0.91).

DISCUSSION

The most important finding in this study is that cleaning
hamstring tendons by scratching causes histological alter-
ations to the tendons. To our knowledge, this is the first histo-
logical analysis of artificial damage to the hamstring tendon
during cleaning in the process of graft preparation for ACL
reconstruction. In our tendon samples, the modified Bonar
score increased as a function of the number of scratches
performed, indicative of greater histological degeneration.
Moreover, as the number of scratches increased, both the
area of staining for type I collagen and the cellular density
decreased.

Human biopsy studies have defined the stages of graft
remodeling, recellularization, revascularization, and chang-
es in collagen crimp and collagen fibril density during
the proliferation phases, suggesting that the human ACL
graft might have its lowest mechanical strength at 6-8
weeks after reconstruction (10). Three factors are known
to exert adverse effects on the mechanical strength of the
graft: increased revascularization and extracellular infiltra-
tion (18), loss of the regular collagen crimp pattern, and
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Figure 4. A tendon sample for type | collagen-staining. The triangles show spin-
dle-shaped fibroblasts for the control (no scratching) group (A), and the 5- (B), 10- (C),
and 15-repetition groups (D). Inlets, negative controls. Bars, 50 um.
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Figure 5. Immunohistochemical analysis. (A) Type | collagen-stained area (%) decreased
with significant differences between all the groups. (B) The cellular density was signifi-
cantly lower for the 10- than 5-repetition group; *P<0.05.
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Table I. Histological alterations for each scratching repetitions.

Number of scratching repetitions

Variables 5 10 15
Bonar score (total) 0.8+0.4 32+ 1.5% 57 +15% 7.2 +0.4%
Bonar subscore
Cell morphology 02+04 1.0+0.1 1.3+£05 1.8+04
Collagen alignment 0 13+05 23 +0.5% 3.0+ 0%
Cellularity 0 0.3 +0.8 2.0 £ 0.6* 2.0 + 0*
Vascularity 0.7+05 05+05 0 0
Ground substance 0 0 0 0
Type I collagen-stained area (%) 88.4+5.8 71.4 +7.0% 50.0 + 8.2* 35.6 + 6.8
Cellular density (/mm2) 449113 387+ 11.6 17.6 £5.7* 13.6 £5.6%

Data are displayed as a mean + standard deviation.

*Significance was determined using Mann-Whitney U test. * P<0.05 vs. O times repetitions (control)

decrease in collagen fibril density (19). Some authors have
described that the decrease of collagen fibril density is asso-
ciated with the maximum loss of graft strength and mechan-
ical restitution of graft healing (20,21). Moreover, a biopsy
study has shown an increase in the collagen III content in
the connective tissue of the hamstring autograft (22). Bosch
et al. also found an increased expression of collagen type
IIT in healing grafts (23). The mechanical strength of colla-
gen I synthesis is lower than that of type I collagen (24). A
previous review reported collagen III synthesis within the
gaps between collagen fibrils, caused by damage to type I
collagen fibrils (25). In this context, the decrease in the area
of staining for type I collagen that we observed is indicative
of a decrease in collagen fibril density during the prolif-
eration phase. The greater damage to type I collagen by
scratching would likely lead to more collagen III synthe-
sis in collagen gaps, which could reduce the mechanical
strength of the ACL hamstring autograft.

Fibroblasts have been shown to play an important role in
the reconstruction of collagen fibrils (10). These cells are
partially involved in collagen crimp formation and have been
shown to have a significant impact on ACL graft remodeling
(26). The cellular density of fibroblasts increases until the end
of the proliferation phase, followed by a gradual decrease
toward the density in the intact ACL (19,20). It is also
considered that the number of fibroblasts and their activity
are an indicator of active ACL hamstring tendon autograft
remodeling (20,27). The mean cellular density in the present
study was 38.9/mm? in the 5-repetition group and 17.6/mm?
in the 10-repetition group, causing a marked reduction of
fibroblasts. This is also lower than the cellular density (30.2)
of a graft measured 0.75 months after ACL reconstruction in
a previous study (28). In addition, a systematic review found
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that the timeline of biological changes in grafts differs greatly
between animals and humans. Graft remodeling in humans
was found to be much slower compared to that in animals
(29). Taken together, a marked decrease in the number of
cells with >10 scratches is indicative of the adverse effect of
this extent of scratching on the final ligamentization phase of
graft remodeling in humans.

This study has a number of limitations that need to be
acknowledged. First is the small sample size, with a larg-
er number of patients being needed to confirm our find-
ings. Second, we did not measure the minimum amount
of scratches necessary to remove all muscle tissues, which
would have provided additional clinical implications for
graft preparation. Third, we also did not perform histolog-
ical assessment of the reconstruction implanted graft at the
proliferation phase or the final phase of graft remodeling.
It remains to be clarified as to whether the reduced tissue
integrity in the pre-grafted tissue would always indicate
deterioration or failure of tendon regeneration.

Based on our findings, we suggest that surgeons should
limit scratching of the tendon with a curette to <10 repeti-
tions because >10 repetitions markedly reduced type I colla-
gen-stained area and cellular density. Apart from the present
study, no other basic research on the surgical tools used for
tendon cleaning has been reported. Therefore, further study
is required to compare the healing of the grafted tissues
cleaned with a curette or with other tools such as scalpels.
In conclusion, tendon cleaning by scratching during prepa-
ration of a hamstring autograft causes histological alterna-
tions to the tendon itself, with mainly a decrease in type I
collagen fibrils and a reduction in the cellular density. We
also conclude that excessive curettage, 210 repetitions, could
be deleterious to the tissue health of a hamstring autograft.
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