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SUMMARY
Background. Graft embodiment process that occurs in the twelve weeks following reconstruction surgery is well described. However, the short-term performance characteristics of graphs, in
terms of graft size and diameter, used in anterior cruciate ligament reconstructions is currently
unknown. The purpose of this study was to measure the diameter of quadruple hamstring autograft with an MRI at two weeks post-op, before it undergoes any of the ligamentization process,
and to compare it with the intra-operative graft measure. Material and methods. A prospective,
observational study design was used. The MRI measured hamstring graft diameter at two weeks
post-op from 38 study participants was compared to intraoperative diameter measurement of
hamstrings graft during the ACL reconstruction surgery. Coronal plane T2 imaging was used
to capture images in the intercondylar region near the tibial tunnel. Results. The average of the
intra-operative graft diameter measurements was 7.9 mm (SD: 0.7 mm; range: 6.5 - 9 mm). The
average post-operative measurement obtained via MRI imaging within two weeks post-op was
7.1 mm (SD: 0.8 mm; range: 5.1 - 8.6 mm). There was a significant decrease in the diameters
of the graft over the first two weeks postoperatively (p < 0.001). Conclusions. The diameters
of quadruple hamstrings knee grafts used for reconstructions of the anterior cruciate ligament
decreased by 9.68% on average between the moment of the surgery and two weeks after surgery.
This information can be used to guide graft preparation, reconstruction planning, rehabilitation
and post-operative counseling of the patient as to their risk of rupture.
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INTRODUCTION
The anterior cruciate ligament (ACL) is an important primary knee stabilizer, and its main functions are to limit anterior translation and internal rotation of the tibia (5,6,10,20).
When injuries to this ligament occur, the use of a graft to
restore articular function is necessary and indicated. Several graft options have been described including allografts,
patellar or quadricipital autologous tendons, but semitendinosus and gracilis flexor muscles are more frequently
used. (2,8,12) Regardless of the type of graft used for reconstruction, all undergo a process known as ligamentization,
in which the graft matures through revascularization and

remodeling (2,13,20). However, little is known about how
the graft evolves in terms of hypertrophy, hypotrophy, elongation or shortening in the immediate post-operative period.
It is known that graft embodiment and the early stages of
ligamentization process start immediately after ACL reconstruction, and ends after one to three years after surgical
procedure, but the exact sequence of the ligamentization
process is still poorly understood (7,19,21).
The purpose of this study was to measure the diameter of
quadruple hamstring autograft with an MRI, before it undergoes any of the ligamentization process, and compare with
the intra-operative graft measure. This comparison provid3

Short term evaluation of the hamstring graft diameter after ACL reconstruction

ed valuable information about the immediate changes to the
graph in terms of diameter and size. The hypothesis is that
the ligament diameter decreases in the short-term.

MATERIALS AND METHODS
Institutional review board approval was obtained before
the initiation of the study. A prospective and observational study was conducted from April 2015 to April 2017. A
total of 38 patients underwent an arthroscopic, anatomic
ACL reconstruction. Patients were included in the study
if they were between 18 and 45 years of age; submitted
to ligament reconstruction using a quadruple hamstring
autograft; femoral fixation with a cortical button (Retrobuttom®, Arthrex-Naples, USA), and tibial fixation with a
bio-interference screw (BiocompositeTM, Arthrex-Naples,
USA); and who underwent post-operative evaluation with
MRI imaging within two weeks following surgery. Patients
were excluded if they were less than 18 years of age and
more than 45 years of age; underwent previous ACL reconstruction surgery; were found to have concomitant meniscal injury or associated ligamental injury of the same knee;
and those treated with graft or fixation types other than
those previously mentioned.
All surgeries were performed by the same surgeon (MC).
The hamstring tendons were harvested through a 3-cm
anteromedial skin incision. Next, the transportal anatomic
ACL reconstruction using the harvested quadruple-thickness hamstrings graft was performed, and fixed with a tibial
interference screw and femoral extra-cortical fixation with
a cortical button. Posterior drawer test and initial manual
tension maneuvers were performed during fixation of the
graft on the tibial side with the interference screw to ensure
proper tensioning. During graft preparation, three orthopaedic surgeons present during the surgical procedure

Figure 1 - Preparation of a quadruple hamstring graft. The graft
measurements were recorded using a plastic rule among three
different orthopaedic surgeon. If there was a consensus about
less than 1 mm of difference, patient was included in the study.
4

independently performed graft measures at its midpoint,
to determine intra-operative diameter with an analog ruler.
Patient was included only if all three measures were the
same, or almost the same (0.1 cm variation acceptable). The
average value was recorded as the intra-op graft diameter
size (figure 1). Additionally, pertinent patient data, including age, operative side, and the sizes of the tibial and femoral tunnels, were recorded.
A post-operative MRI on each reconstructed knee was
requested and completed no more than two weeks after
surgery, to evaluate and measure the quadruple hamstring
graft diameter. No histological and structural graft changes were expected until this time (9,14). Measures of the
diameter of the ligament graft were taken by an independent radiologist in the coronal plane, with a T2 sequence
centered on the intercondylar region next to the tibial
tunnel with a 0.1 mm slice thickness (measurement accuracy), and the resultant measurements were compared with
those taken intraoperatively (figure 2).

Figure 2 - Area and diameter of the hamstring graft measured
in axial and coronal MRI images with a T2 fat-sat sequence
centered on the intercondylar region next to the tibial tunnel.
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Immediately following surgery, patients began the prescribed
rehabilitation program. Analgesia and soft tissue treatments
for incisions, musculature and the patella to decrease fibrosis were continued, until discharge from the hospital. After
two days, patients initiated weight bearing and wean from
crutches as tolerated. Once range of motion improved from
zero to 90 degrees flexion, the patients began straight leg
raise exercises.

Statistical analysis
All variables were descriptively analyzed. For quantitative
variables, the analyses were performed using minimum and
maximum, average, and standard deviations values. Pearson’s
correlation coefficient was used to examine the correlations
between variables. The level of significance used for the tests
was p < 0.05 (5%). The sample power calculation was 99.6%.

RESULTS
A total of 38 patients underwent ACL arthroscopic reconstruction and were included in the study. There were 20
male patients and 18 female patients. The mean patient age
was 30 years (range 18-45). There were 21 right knees and
17 left knees treated and evaluated.
The mean graft diameter measured during surgery was
7.9mm +/- 0.7 (range 6.5 - 9.0 mm). The mean calculated
from post-operative MRI measurements up to two weeks after
surgery was 7.1 mm +/- 0.8 (range 5.1 - 8.6 mm). There was
a significant decline of 9.68% in the diameter of the neoligament from the time of surgery to the time of the post-surgery
measurement (p < 0.001). The differences between the graft
diameter measurements during surgery and on imaging after
surgery varied from -0.01 to 0.21 mm with an average of 0.08
mm +/- 0.07 (95% confidence interval -0.04 to 0.11 mm).
Regarding laterality, for the right knee, the mean intra-surgery graft diameter was 8.1 mm +/- 0.06 (range 7.0 - 9.0
mm), and the mean post-surgery measure was 7.5 mm
+/- 0.06 (range 6.5 - 8.6 mm). For the left knee, the mean
intra-surgery graft diameter was 7.5 +/- 0.08 (range 6.5 - 9
mm), and the mean post-surgery diameter was 6.4 mm +/0.07 (range 5.1 - 7.2 mm). Analysis of variance with repeated
measures revealed that these changes were not significantly different according to surgery side (p = 0.14). The right
knees exhibited significantly greater averages at both time
points (i.e., intra- and post-surgery) (p = 0.009), and both
sides exhibited a significant graft diameter decrease from
the intra- to post-surgery measurements (p < 0.001).
There was no significant difference between femoral and
tibial tunnel size and graft size (p > 0.05).
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DISCUSSION
In the present study, the authors observed a decrease in the
diameters of the quadruple hamstring grafts over the short
term between the surgery and the post-operative measurement of the graft using MRI. On average, our results revealed
a decrease of 9.68% in the graft diameter up to two weeks
after surgery. The observed diameter decrease means that
the size of the graft used during the ACL reconstruction
of the knee will decrease even in the short term, possibly
increasing the chances of graft failure in this period.
Currently, there are no studies in the literature that have
evaluated the variation in graft sizes in the immediate
post-operative period. Some authors suggested the possibility of measuring the size of the graft before surgery using
MRI and ultrasonography (5,23). However, the present
assessment is the first, in our knowledge, that identified
changes that occurred shortly after ACL reconstruction.
The authors postulate that these changes may be caused by
the pull force applied to the graft during tibial fixation with
the interference screw. Because it is an elastic structure, the
graft is elongated when being pulled. This can result in an
increase in its length, and decrease in its diameter.
Previous literature using nuclear biopsies has reported that
hamstring autografts begin to exhibit histological signs of
neovascularization at two weeks after surgery and that the
central necrosis process that occurs is mediated by cytokines. Despite this remodeling process, much of the original structure is preserved. (10,15) According to these
authors, replacement of the original cells occurs between
the second and fourth week following surgery (11,18).
Therefore, the authors do not believe that the observed
decrease in the size of the graft resulted from a structural
modification (3). Furthermore, the tension applied to the
graft during tibial fixation can create a deformity in the
axial axis that could change the diameter of the graft. It is
important to complete ACL reconstruction with a graft of
sufficient diameter to allow for a satisfactory evolution and
maturation, and minimizes the risks of rupture caused by
graft insufficiency (17). Previous studies have shown that
grafts with a diameter greater than 8 mm are less likely to
fail. (16). Based on the results obtained in the present study,
there is a reduction in the size of the graft that occurs after
fixation compared to pre-fixation measurements. Therefore, greater attention should be paid during graft preparation to ensure sufficient thickness before fixation. Based
on this knowledge, grafts with smaller diameters (less than
8 mm) are more likely to result in failure (16). Surgeons
should consider strengthening, or conversion of the
quadruple graft into a five- or six-fold conformation, when
graft thickness is found to be insufficient (16).
5
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The study population examined in this study was sufficient
to obtain significant results. The majority of the patients
were male, which is consistent with the literature describing
ACL rupture epidemiology (1,4,22). There was no difference in measured graft diameter in terms of the side of operation. Furthermore, similar magnitudes of change in diameter were found across all study participants (7.9 mm to 7.1
mm), which indicates the observed decrease in this study
can be used to predict changes that will occur over the first
two weeks post-operatively.
The authors acknowledge some limitations to the present
study. First, although the findings were validated by comparison between two different measurement modalities - namely
intra-operative, in vivo examinations, and MRI examinations
- we believe that these measurements are accurate and repre-

sentative. Future studies, such as a histological experiment in
animals could prove whether there really are no alterations in
the ligament composition before two weeks following surgery
and exclude the possibility that the diameter decrease resulted from early necrosis of the cells around the neoligament.

CONCLUSIONS
The diameters of quadruple hamstrings knee grafts used for
reconstructions of the anterior cruciate ligament decreased
by 9.68% on average between the moment of the surgery
and two weeks after surgery. This information can be used
to guide graft preparation, reconstruction planning, rehabilitation and post-operative counseling of the patient as to
their risk of rupture.
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