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Abstract

Purpose: To investigate tibial tunnel widening and knee instability after ACL reconstruction
with hamstring autograft or irradiated soft tissue allograft.

Methods: Eight-two patients were divided into two groups: autograft group and allograft
group. Radiographic and clinical evaluations were performed.

Results: Seventy patients were followed up with median of 36.3 months (range 36-38 months).
Tibial tunnel widening was at or greater than 30% for nine patients in the autograft group
and 15 patients in the allograft group (P = 0.0417). The average percentage of tibial tunnel
widening was 26.7 + 4.0 % and 29.7 £ 5.3 % in autograft and allograft groups, respectively (P =
0.0090). Knee range of motion was not affected by the reconstruction operation or different
grafts. Thigh atrophy improved significantly within 24 months after ACL reconstructions in
both groups. ACL reconstruction with the allograft leaded to less knee stability than that with
the autograft from one year after operation (P = 0.0023). There was no significant difference
between two groups with respect to Lysholm score (P =0.1925) and Tegner score (P =0.0918)
at the final follow-up.

Conclusion: The allograft group reported significantly more tibial tunnel widening and knee
instability compared with the autograft group.
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n Introduction

The anterior cruciate ligament (ACL)
reconstruction is an effective method to treat
ACL injury in order to restore knee stability,
decrease risk of medial meniscal tears' and
improve functional outcome. Approximately
200,000 ACL reconstructions were performed
in the United States alone each year?. Various
types of grafts, including autografts, allografts,
and synthetic grafts, have been successfully
used to replace the torn ligaments in ACL
reconstruction. Within last two decades, the
use of the allograft has progressively risen for
its advantages of predictable graft size, smaller
cosmetic incision, no donor site morbidity,
shorter operation time, availability for multi-
ligament injury, less pain, easier rehabilitation,
and decreased incidence of post-operative
knee stiffness. It was estimated that allografts
were used in about 20% of primary ACL
reconstructions in the USA3. Some randomized
controlled and prospective trials have verified
that both autografts and allografts showed
satisfactory and comparable outcomes®.
But the utilization of the allograft in ACL
reconstruction also raises a series of problems
such as sterilization and preservation of the
allograft, disease transmission, the immune
response to the allograft tissue by the host,
and delayed graft incorporation, which will
affect the biomechanical properties and clinical
outcomes of allografts. A study by Maletis et
al. demonstrated that the use of the allograft
resulted in significantly higher revision rate®.
Zeng et al.® performed a systematic review to
compare the allograft with the autograft in ACL
reconstruction and found that the allograft
had greater abnormal stability rate than the
autograft.

No matter what kind of the graft is
used, bone tunnel enlargement is a common
phenomenon after the ACL reconstruction’.
As a result, the diameter of the tibial or
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femoral tunnel becomes big, which is not
desirable when the patient needs to accept
the revision surgery caused by intraoperative
or postoperative complications. On the other
hand, many previous studies have shown
an association between tunnel enlargement
and worse results such as anterior and
rotational instability of the knee®. The aim of
the study is to investigate prospectively the
association between grafts and bone tunnel
enlargement, along with the effect of grafts
on the clinical results such as the knee stability
after ACL reconstruction. We hypothesized
that outcomes of ACL reconstruction with the
hamstring autograft would be superior to that
with the soft tissue allograft with regard to
bone tunnel enlargement and knee stability.

n Methods

The study obtained the permission
of the Medical Ethical Committee of our
institution. The purpose and procedure of the
study were provided to all patients and written
informed consents were obtained from them.

From June 2011 to May 2014, we
prospectively enrolled 82 patients with ACL
injuries. The types of injury were defined as
follows: military training (n=42), sports (n=28),
and motor vehicle (n=12). The inclusion criteria
were implemented as follows: age of 18 to 35
years, unilateral ACL reconstruction, no axial
malalignment or instability, no ipsilateral knee
grade lll or IV cartilage injury, no additional
grade Il collateral ligament injury, no arthritis,
and no undergo more than one-third of the
meniscus excision. All patients had a positive
anterior drawer test and Lachman’s sign. The
ACL injury was diagnosed during arthroscopy
andtreatedbysingle-bundle ACLreconstruction
with quadrupled hamstring autografts (n=46)
or soft tissue allografts (n=36). The soft tissue
allograft used in ACL reconstruction included
the hamstring allograft (n=16), the anterior


http://www.iciba.com/inferior_to
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maletis%20GB%5BAuthor%5D&cauthor=true&cauthor_uid=28301224

Tibial tunnel enlargement and joint instability after anterior cruciate ligament reconstruction.

A prospective comparison between autograft and allograft
Zhang Q et al.

tibialis allograft (n=14), and the Achilles
allograft (n=6). All the allografts were fresh-
frozen, sterilized with 1.5 Mrad of irradiation,
and provided by a tissue bank approved by
China State Food and Drug Administration.

The same senior surgeon performed
the operations with epidural anesthesia using
arthroscopic single-bundle ACL reconstruction
techniques. A  complete  arthroscopic
examination was performed. The -cartilage
injury was evaluated, and the torn menisci
were repaired firstly. Remnant fibres of the
ruptured ACL were preserved as completely
as possible and the tibial tunnel was drilled
using the method described by Lee et al.°. The
femoral tunnel was prepared independently
through the anteromedial portal at the
10-0’clock position for the right knee or the
2-o’clock position for the left knee. For the
patient in the autograft group, the hamstring
autograft tendon was harvested and folded to
create a four-strand graft after pre-tension. For
the patient in allograft group, the fresh-frozen
graft was thawed in 37°C isotonic saline for
45 minutes and then preconditioned under
tension of 70 N for 15 minutes by use of the
Graftmaster board (Arthrex, Naples, FL, USA).
The Rigidfix system was used for femoral
fixation. When a bioabsorbable interference
screw that was 1 mm larger than the diameter
of the tunnel was used for tibial fixation, the
screw was advanced just a few millimeters
below the joint line.

After ACL reconstruction, functional
braces were used immediately in both
groups, and the patients followed the
same rehabilitation procedure. Quadriceps
isometrics and straight leg raise were initiated
as soon as possible to increase quadriceps
strength and prevent skeletal muscle atrophy.
20° of flexion should be achieved for the first
week, 40° during the second week, 70° the
third week, and 90° in the fourth week. The
recovery of the full range of motion (ROM) was
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scheduled six weeks postoperatively. Within
six weeks after operation, the ROM was limited
from full extension to 20° of flexion as long as
the knee flexion had achieved the required
angle three times a day. Partial weight-bearing
with crutches was permitted after four weeks,
and full weight-bearing began three months
after operation. The patients started partial
squats and toe raises to develop quadriceps
strength further. Here we emphasized the
importance of the quadriceps exercises and
required patients to perform them for at least
two years until they achieved full ROM and
good muscular control of the legs. Patients
were permitted to return to full sports 12
months after operation and were followed up
for more than three years. The radiographic
and clinical evaluations were performed by
an experienced orthopaedic surgeon who
was blinded regarding whether patients had
autografts or allografts.

At one week postoperatively and the
final follow-up, antero-posterior and lateral
plain radiographs were made in a relaxed and
fully extended position. The measurement of
the tunnel diameter was performed on the
computer screen with a built-in digital calliper
in a digital radiography system (PowerHis
Viewer, Dongjian Corporation, Beijing, China)
as described previously’®. The distance
between the two inner margins of the bone
tunnel perpendicular to the axis of the tibial
tunnel at the widest point were measured as
the diameter of the tunnel. The bioabsorbable
interference screw could be identified clearly
on the radiograph of one week postoperatively.
If the margin of the screw overlapped with
one of the two margins of the tunnel, it
would be used as one of the inner margins to
measure the tunnel diameter. The tibial tunnel
diameters on both antero-posterior and lateral
plain radiographs were measured three times,
and then the mean of six values was recorded
for subsequent calculation. The diameter of
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the tibial tunnel at one week after operation
was used as the reference diameter, and the
diameter of the tibial tunnel at the final follow-
up was used as the final diameter. The tunnel
enlargement was reported in percentages
using the following expression: ([final
diameter-reference diameter]/reference
diameter)x100%.

Objective evaluations, which included
ROM of the knee, thigh atrophy, and KT-
2000 arthrometer testing, were performed
preoperatively and at sixmonths, 12 months, 24
months, and the final follow-up postoperatively.
Lysholm Knee Rating Scale and Tegner Activity
Level Scale were used as subjective evaluations
and were performed preoperatively and at the
final follow-up.

ROM of the knee: The ROM was
measured with a goniometer with the patient
in the prone position, and comparison was
made between the two sides. According to the
International Knee Documentation Committee
(IKDC) guideline, the passive motion deficit was
graded as normal (0° to 5° lack of ROM), nearly
normal (6° to 15° lack of ROM), abnormal (16°
to 25° lack of ROM), and severely abnormal (>
25° lack of ROM).

Thigh atrophy: The circumference of
the thigh 8cm above the superior pole of the
patella was measured in full knee extension.
Thigh atrophy was defined as a percent of thigh
circumference of the involved knee less than
that of the contralateral knee: ([circumference
of the contralateral thigh-circumference of
the involved thigh]/ circumference of the
contralateral thigh) x100%.

KT-2000 arthrometer testing: The KT-
2000 arthrometer (MEDmetric Corporation
San Diego, CA) was used to quantitatively
measure the knee laxity with a posterior force
of 20 Ibs at 30° knee flexion. During the test,
the legs were kept relaxed with the patient in
the supine position. The contralateral leg was
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tested first, and then the side-to-side difference
in  maximum anterior displacement was
recorded. Three measurements of each knee
were made with an interval of five minutes and
the average value was calculated and rounded
to the 0.1 mm.

Lysholm Knee Rating Scale measured
daily living activity level and eight factors were
rated to produce an overall score on a point
scale of 0 to 100. Tegner Activity Level Scale
classified both sports and work activity levels
into one questionnaire using a 0 to 10 gradient.

GraphPad Prism 5 (San Diego, CA) was
used to perform statistical analysis and create
the artwork. Fisher’s exact test was used for
categorical variables. The unpaired t test was
performed to compare continuous variables
between the autograft and allograft group, and
a comparison of continuous variables in the
same group was performed using paired t test.
A P value of <0.05 was considered statistically
significant.

n Results

Of these 82 patients, 12 were lost to
follow-up (eight in the autograft group, four
in the allograft group), and then data from the
remaining 38 patients in the autograft group
and 32 in the allograft group were presented
in this study. The demographic data, including
gender, age, involved side, preoperative
activity level, time interval between injury
and operation, meniscal injury, and follow-
up period, were collected, and there was no
significant difference between the two groups
(Table 1). The average length of follow-up was
36.3 months (range 36-38 months). In our
series, there was no complication, including
graft failure, infection, nerve injury, arterial
injury, deep thrombosis, or infectious disease
transmission, during the whole follow-up
period.
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Table 1 - Demographic data and characteristics of patients.
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Age at surgery (years)
Involved side (right/left)

Preoperative activity level

Time-interval between injury and operation (months)
Meniscal injury (%)
Follow-up period (months)

23.8+5.2 26.1+6.3 0.1560
24/14 23/9 0.4392
84+11 82+12 0.8586
12.1+10.7 13.749.0 0.6975
37 33 0.5532
36.2+1.5 36.4£1.1 0.8851

Radiographic evaluation

The contours of the tibial tunnels
were prominent on the antero-posterior
and lateral plain radiographs at one week
postoperatively and the final follow-up. Tibial
tunnel enlargement was at or greater than 30%

for nine patients in the autograft group and 15
patientsintheallograft group. The Fisher’s exact
test revealed significant difference between
the two groups (P = 0.0417). Moreover, the
autograft group had less percentage of the
tibial tunnel enlargement than the allograft
group (Table 2).

Table 2 - Tibial tunnel enlargement at the final follow-up and Lysholm and Tegner score preoperatively

and at the final follow-up of both groups.

Autograft group 26.7 +4.0% 62.0£10.5
Allograft group  29.7 £5.3% 59.8+10.8
P-value 0.0090 0.4012

90.7+5.6*
88.617.3°
0.1925

5.03+1.28 7.61+1.35°
4.75+1.52 7.06+1.29°
0.4131 0.0918

@ Autograft group: preoperation:the final follow-up P < 0.0001.
b Allograft group: preoperation:the final follow-up P < 0.0001.

Clinical evaluation

Concerning ROM, all data were collected
and listed in Table 3. According to the normal
rate (normal and nearly normal) and abnormal

Normal 33 27 28 24 30
Nearly ) 6 4 5
normal

Abnormal 2 3 2 2 2
Severely

abnormal

Table 3 - Range of motion of both groups at all time points (n).

rate (abnormal and severely abnormal) of ROM,
there was no significant difference between the
two groups and the ROM was similar for the
same group at all time points.

25 30 26 29 26
4 5 3 5 3
2 2 2 3 2
1 1 1 1 1
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Table 4 presented the parameters of groups. Thigh atrophy did not significantly
preoperative thigh atrophy and thigh atrophy change between 24 months and 36 months

at each time point of follow-up. Continuously, after operation for either group. No significant
thigh atrophy improved significantly within 24 difference was found preoperatively and at all
months after the ACL reconstruction in both follow-up times between the two groups.

Table 4 - Thigh atrophy of both groups at all time points (%).

Preoperatively 6 months 12 months 24 months 36 months
Autograft group 4.08+1.93 2.62+1.38 1.87+1.10 0.92+1.01° 0.94+0.95°
Allograft group 4.3311.66 2.73+1.46 2.13+1.05 1.26+1.10¢° 1.11+0.91¢

Values are mean * SE.

2 Significant difference between 12 and 24 months after operation in the autograft group (P < 0.0001).

®No significant difference between 24 months after operation and the final follow-up in the autograft group (P = 0.6642).
cSignificant difference between 12 and 24 months after operation in the allograft group (P < 0.0001).

4No significant difference between 24 months after operation and the final follow-up in the allograft group (P = 0.1436).

According to the KT-2000 arthrometer at six months follow-up. However, there was a
testing, significant improvement in knee gradual increase of knee instability over time
instability was achieved by ACL reconstruction at follow-up in the allograft group, and the
with either autografts or allografts, and autograft group showed significant better knee
there was no significant difference compared stability than the allograft group from one year
between the two groups preoperatively and after operation onwards (Table 5, Figure 1).

Table 5 - KT-2000 measurements of side-to-side difference in both groups at all time points (mm).

Preoperatively 6 months 12 months 24 months 36 months
Autograft group 6.211.6 2.1+0.7* 2.4+0.8* 2.2+0.7* 2.2+0.7*
Allograft group 6.4+1.5 2.5+1.1* 3.1+£1.1* 3.31£1.2* 3.4+1.5*
P-value 0.5772 0.0639 0.0023 <0.0001 <0.0001

Values are mean * SE.
*Significant difference between postoperation and preoperation in the same group P < 0.0001.

=}
]

Both Lysholm and Tegner scores had
significant improvement from preoperative to
the final follow-up in the two groups. However,
no significant difference between the two
groups was detected (Table 2).

- allograft group
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With the increase of sports popularity
and exercise intensity, ACL injury incidence

o

N ¢ ¥ P ) :
& increases year by year and ACL reconstruction
8 Time (months) technology matures gradually. But there are
Figure 1 - KT-2000 measurements of side-to-side still many controversial issues in the process
difference in both groups at all time points. A of ACL reconstruction, and graft selection is

gradual increase of knee instability over time at one of the examples. Various grafts have their
follow-up in the allograft group; P<0.01 comparing

knee stability between allograft group and autograft own advantages and disadvantages, and so far,
group from one year after operation onwards. there has not been a perfect graft material.
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Though autografts are the most widely used
reconstruction materials, they have their own
disadvantages such as donor site morbidity and
longer operation time. Allografts can overcome
the above disadvantages, and are affirmed by
surgeons. Allografts include the soft tissue
allograft and the tendon-bone allograft. Many
reports have been made concerning the
allograft, and influences of the tendon-bone
allograft on tunnel enlargement have been
investigated with different conclusions®. But
there are rare researches about the influences
of the soft tissue allograft on bone tunnel
enlargement. We conducted a prospective
study to evaluate the difference between the
hamstring autograft and the soft tissue allograft
in ACL reconstruction and found that tibial
tunnel enlargement and knee instability were
more significant in the allograft group than in
the autograft group, but in terms of ROM, thigh
atrophy, and subjective functional outcomes,
both groups were found to be similar.
Scientific and reasonable rehabilitation
program closely relate whether or not the
patients can return to their preinjury sports
activity level. Compared with native ACL or
the autograft, the fresh-frozen allograft has
less favorable biomechanical characteristics®,
delayed biologic remodeling??, and slower
tendon-bone incorporation®. In addition, van
Eck et al. have proved that the allograft failure
was associated with early return to sports
and high sports intensity'*. So we advocate
a less aggressive rehabilitation, and this
opinion is consistent with that of Dustmann
et al.®®. At the first six weeks postoperatively,
ROM rehabilitation program is formulated
on a weekly basis, and if the involved knee
has achieved the required flexion angle for
every week, knee flexion will be restricted to
avoid repeated tensile force on the graft. We
discourage patients from early weight-bearing
and return to sports, but we encouraged them
todo lower extremity strength training. Patients
must pay attention to performing unilateral
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quadriceps strength-training, and don’t try to
improve quadriceps strength through walking
and jogging, because most patients use the
contralateral limb more subconsciously when
they are walking or jogging.

Among eight patients whose ROM
was graded as abnormal at six months after
operation, only one patient eventually returned
to normal. So the six-month was a critical
period for the knee ROM rehabilitation, and
patients should exercise the knee ROM to the
normal level in this period of time. In addition,
because four of the five patients with abnormal
ROM before ACL reconstruction didn’t restore
normal knee ROM at the final follow-up, we
suggest that the ACL reconstruction will be
delayed until knee ROM comes into normal or
near normal level. According to the research
of Lo et al.’®, we evaluate quadriceps strength
recovery by measuring thigh atrophy. We
use a percentage to express the degree of
thigh atrophy because the circumference of
each patient’s contralateral thigh had a large
disparity, and the difference between the
involved thigh and the contralateral thigh
cannot reflect the severity of thigh atrophy
accurately. In both groups, patients have
significant difference in the circumference
of the thigh between the involved thigh and
the contralateral thigh within two years after
operation, which indicates that thigh muscle
strength will recover to normal level until two
years after operation.

In the present study, we use the
diameter of the tibial tunnel at one week after
operation as the reference diameter rather
than the size of the drill that has been used
to prepare the bone tunnel, because when an
interference screw is used to fix the graft, it
compresses the bone tunnel walls, and leads
to early tunnel enlargement. Struewer et
al.*® had a more than 10 years follow-up about
tunnel enlargement after ACL reconstruction
and proved that the tunnel diameter did not
change further after two years postoperatively.
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Therefore we compared tunnel enlargement
at three years of follow-up, and believed that
the tunnel diameter at that time could truly
reflect the final tunnel status. According to
our research, tunnel enlargement was more
pronounced for the ACL reconstruction using
the soft tissue allograft versus the hamstring
autograft.

When analyzing the reasons, several
possible explanations can be found. The
first is the immune response that the host
generates against the allograft. Though the
sterilization and preservation processes will
damage most the donor cells, but they cannot
eliminate the risk of immunological rejection
responses completely’®>. Moreover, the
collagen of extracellular matrix also contains
a small amount of histocompatibility antigens
and is able to result in a detectable immune
response®. The transplant rejection causes
chronic inflammation around the allograft and
releases various cytokines that lead to bone
resorption eventually®. In the allograft group,
the tibial tunnel diameters of different patients
vary greatly, in our opinion, because the
constitution of the patient is different, and the
immune response to the allograft has individual
differences. Secondly, the final stability of
graft in bone tunnel depends on the biological
healing rather than temporary mechanical
fixation. Before tendon-bone healing, the
micromotion between graft and bone tunnel
will exert stress on the tunnel wall and result in
bone tunnel enlargement?. It has been shown
in many studies that the healing of the allograft
to the bone is slower and less complete than
that of the autograft'>!3, so the micromotion
will last for a longer time and the tunnel
enlargement will be more obvious. Thirdly, after
ACL reconstruction, synovial fluid will leak into
and scatter along the bone tunnel. With knee
extensor and flexor activity, the pressure will
force more synovial fluid to flow into the tunnel.
The synovial fluid contains cytokines, including
IL-6, IL-8 and tumor necrosis factor, proteolytic
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enzymes, and growth factor inhibitors, which
are known to results in osteolysis and bone
tunnel enlargement by means of inhibiting
bone formation and stimulating osteoclastic
activity??. Through second-look arthroscopy,
Lee et al.?® compared synovial coverage of the
graft after ACL reconstruction with autografts
or allografts and found the autograft had
earlier and better synovial coverage. Synovial
coverage and synovialization of the graft are
able to seal the tunnel intra-articular entrance
so as to decrease the back flow of the synovial
fluid and inhibit tunnel enlargement.
Kneeinstability after ACLreconstruction
with the allograft has been verified by some
authors. In a 6.9 years of follow-up of 107
patients, Tian et al.** found that the allograft
group displayed significantly more laxity
than the autograft group at all time points
postoperatively. By meta-analysis, Kraeutler
et al.®> assessed the knee stability after ACL
reconstruction with autografts or allografts,
and concluded that there was a lower level
stability in the allograft group. The etiology
of knee instability caused by the allograft is
multifactorial, and accumulating evidences
suggest that sterilization and preservation of
the allograft®® and immunological factors?”
are involved. The allograft that we used went
through the process of irradiation, freezing, and
thawing, which could affect their structural and
mechanical properties. Guo et al.”®, comparing
different sterilization methods for allografts,
found that the y-irradiated allograft group had
a statistically poorer KT-1000 result compared
with the fresh-frozen allograft group. In a study
with sheep, Scheffler et al. demonstrated
that the fresh-frozen allograft had delayed
recellularization and revascularization, and
significant antero-posterior instability was
found?. The present study observes that the
allograft group has more obvious tibial tunnel
enlargement, which is also one of the reasons
that lead to more antero-posterior instability?.
Though the allograft used in ACL
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reconstruction is associated with significant
tibial tunnel enlargement and knee instability,
it appears not to affect the subjective clinical
evaluation significantly with a follow-up
at least 36 months. The same result was
reported by some other authors. Fules et al.?
evaluated tibial bone tunnel enlargement
with the use of MRI scan cross-sectional area
measurement and clinical outcomes following
ACL reconstruction, and stated that there was
no correlation between tunnel enlargement
and Lysholm subjective self-evaluation score.
Goodwillie et al. analyzed post-reconstruction
results, and found that there was no necessary
correlation between severe generalized joint
instability and functional outcomes at long-
term follow-up®. In our study, the allograft
group has lower daily living and sports
activity levels, but after statistical analysis, the
difference is not significant compared with
the autograft group. In our opinion, complete
recovery of quadriceps muscle strength through
the positive rehabilitation is able to prevent
the knee from giving way and compensate the
discomfort caused by joint instability.

Our study has a few limitations. The
first is the fact that it is not a randomized
trial. The allograft that we used is a harvested
cadaver tendon, so there are ethical and
ideological problems for some patients. We
must explain to patients in detail about the
sources, advantages, and disadvantages of
both grafts, and which kind of grafts to be used
is determined according to the patient’s own
preference. Some patients were unwilling to
receive the cadaveric tissue, so we couldn’t
conduct a randomized trial. Second, allografts
that we used included the hamstring allograft,
the anterior tibialis allograft, and the Achilles
allograft. The three kinds of allografts
maybe have slight differences in aspect of
morphological and biomechanical properties.
When we analyzed the results, we didn’t
take the effect of the type of allografts on the
results into account. Finally, the number of
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patients in our trial is low comparatively, and
the small sample size will to some extent affect
the statistical results.

n Conclusions

The irradiated soft tissue allograft
used in ACL reconstruction may increase the
prevalence of tibial tunnel enlargement and
aggravate knee instability, even though it
doesn’t affect the subjective clinical outcomes
three years after operation. When surgeons
decide to perform ACL reconstruction with the
irradiated soft tissue allograft, it is important
for them to consider the above disadvantages
and choose the most suitable graft for a certain
patient. The new sterilization and preservation
methods of the allograft need to develop and
utilize to reduce the damage to it.
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