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Abstract

Purpose Donor site pain affects 32-43 % of patients after
anterior cruciate ligament surgery when the autograft is fresh-
ly harvested bone-patellar tendon-bone tissue. Our aim was to
compare functional and morphological differences between
donor sites with and without serum albumin-coated bone al-
logratft filling.

Methods After harvesting and implanting the graft, the tibia
site was filled with either fresh autologous cancellous bone
enhanced with albumin-coated allograft or autologous bone
alone. The patella site was filled either with albumin-coated
allograft or with blood clot. Knee function was evaluated by
the VISA, Lysholm and IKDC scores and a visual analog scale
of pain during standing, kneeling and crouching after
six weeks and six months. Computed tomography was per-
formed at six months for morphological evaluation.

Results At six weeks, both groups were still recovering from
surgery and the overall knee function was still impaired but
the functional scores were significantly higher in the Bone-
Albumin group. The pain with crouching and kneeling was
also lower as compared to controls. At six months, the knee
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function scores were close to normal, with a slight decrease in
the controls. Pain at kneeling was still prominent in the con-
trols, but significantly lower in the Bone-Albumin group.
Computed tomography showed significantly smaller bone de-
fects and higher bone density in the Bone-Albumin group.
Conclusions Results from the present study indicate that do-
nor site pain, a disturbing long-term side effect of bone-
patellar tendon-bone surgery, is significantly reduced if bone
buildup in the patella and the tibia is augmented by serum
albumin-coated bone allografts.

Keywords Serum - Albumin - Bone allograft -
Bone-Albumin - Bone-tendon-bone - BTB - Anterior cruciate
ligament

Introduction

Anterior cruciate ligament (ACL) reconstruction is one of the
most common knee interventions, and multiple studies have
been conducted to investigate grafting techniques. So far,
most data suggest that graft type has limited influence on
clinical outcome, and bone-patellar tendon-bone (BTB) or
hamstring tendon can provide stable knee function [1-4]. As
a result, both methods are treatment strategies on the clinical
palette, differing in their indications [5, 6].

Donor site pain, however, remains a problematic side effect
after BTB reconstruction, affecting 32-43 % of the patients
[7-9]. The reason behind this phenomenon is the slow or
inadequate bone buildup in the tibial and patellar harvest sites.
Autologous bone tissue is the best material for bone replace-
ment therapies because it is osteoconductive, osteoinductive
and contains osteogenic cells. However, its available volume
in this specific indication is low, thus creating the need for
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other suitable substitute materials. Allogenic bone substitutes
are generally used because they are completely biocompatible
materials with good osteoconductive properties. The
osteoinductivity of these bone substitutes is less favourable,
therefore proteins, growth factors, or even stem cells can be
used to augment this feature [10]. Although these complex,
fully loaded implants can achieve very good bone remodeling
in experimental studies, their clinical usefulness is rather lim-
ited especially in less serious indications such as BTB surgery
[11, 12], creating a pressing clinical need for a bone substitute
with improved efficacy and minimal cost and complexity.

In our previous experiments, we showed that bone allo-
grafts with a lyophilized serum albumin coating (Bone-
Albumin) led to improved allograft properties. Mesenchymal
stem cells attach and proliferate on the albumin-coated surface
rapidly and by activating stem cells; Bone-Albumin induces
faster ossification and reduces healing time in different animal
models [13—15]. This was also supported by a first-in-human
study, where not only good clinical outcomes were achieved,
but implanted allografts also showed intensive osteoblast
function even after one year [16].

In the present study, we used Bone-Albumin chips to re-
duce the size of the bone defects after harvesting patellar ten-
don grafts, and compared the functional and morphologic dif-
ferences between donor sites. We hypothesized that donor site
morbidity with Bone-Albumin would be less prominent,
thereby eliminating a major side effect of BTB reconstruction
and improving overall clinical outcome.

Materials and methods
Study protocol and patients

Between 2013 and 2014, male and female patients undergoing
ACL reconstruction were asked to participate in our prospec-
tive, randomized study. Clinical evaluation of patients at
follow-up and morphologic measurements were performed
by blinded experimenters. Thirty-nine patients between the
age of 18 and 50 were enrolled with the inclusion criteria of
high level sports activity prior to injury. Exclusion criteria
were associated collateral ligament damage, immune-
rheumatologic pathologies, chondropathies higher than grade
IT (Outerbridge), pre-existing anterior knee pain and previous
surgery on the same knee. ACL reconstruction was performed
with BTB autografts. All patients received detailed informa-
tion about the risks and benefits of the procedure prior to
granting informed consent and undergoing surgery. Patients
were randomly assigned into two groups: 19 patients (2 fe-
male / 17 male) in the control group (ACL reconstruction with
BTB), and 20 patients (2 female / 18 male) in the Bone-
Albumin treated group (ACL reconstruction with BTB plus
serum albumin coated allograft implanted into the donor-
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sites). All patients underwent the same rehabilitation protocol.
The study was performed under the approval of the local eth-
ical committee (ALLO-2013-02). Patients were blinded to-
wards the treatment group throughout the study.

Bone-Albumin - serum albumin coated bone chips

Bone pieces were harvested from cadavers or femoral heads
harvested at primary hip replacement surgery under the oper-
ational license of West-Hungarian Tissue Bank and processed
immediately to produce autolysed, antigen extracted allogenic
bone according to Urist’s method. The preservation method
was freeze-drying under aseptic conditions followed by EtOH
sterilisation. After freeze-drying, the bone grafts were sub-
merged in sterile 10 % human serum albumin solution for
one minute under aseptic conditions (low-salt-content
Biotest human albumin infusion, Biotest Pharma GmbH,
Dreieich, Germany) and a second freeze-drying was per-
formed with the same parameters to obtain Bone-Albumin.

Surgical protocol

Patients enrolled in the control group were treated according
to our routine clinical protocol. BTB autografts were used to
reconstruct the ACL. Briefly, the middle third of the patellar
tendon was harvested with approximately 10x10x20 mm bone
blocks from the patella and tibia. From median arthrotomy, the
remains of the ACL was removed. Next, the tibial bone tunnel
was prepared to be 9-10 mm in diameter, while the femoral
tunnel was 10-11 mm in diameter and placed on the medial
surface of the lateral femoral condyle. The tibial part of the
BTB autograft was fixed in the femoral tunnel with an inter-
ference screw. After tensioning the graft, the patellar bone
block was stabilized in the tibial tunnel with two titanium K-
wires. Autologous cancellous bone was used to repair the
tibial donor site, while the patellar donor site was filled with
blood clot. In the treatment group Bone-Albumin mixed with
autologous cancellous bone was used to fill the tibial donor
site, while only Bone-Albumin was used to fill the patellar
defect. At the tibial site, Bone-Albumin and autologous bone
was manually mixed in equal volumes and used for filling in
the defect. Approximately 3 cm® allograft chips were required
to adequately fill either donor site (Figs. | and 2).

Patient follow up

Patients underwent physical examination and VISA
(Victorian Institute of Sport Assessment), Lysholm,
IKDC (International Knee Documentation Committee)
and VAS (visual analog scale) subjective questionnaires.
Scores were collected on the post-operative sixth week
and sixth month. The VISA score is designed specifi-
cally to quantify knee function in subjects with patellar
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Fig. 1 Patella donor site filling
techniques. Panels a, b, and ¢
show the control technique in an
intra-operative picture and

one week post-operative axial and
3D CT images. Panels d, e, and f
show the Bone-Albumin filling
technique. Note that Bone-
Albumin filling was complete in
each case intra-operatively,
however, small bone graft
fragments were visible in the
early post-op CT in the pre-
patellar soft tissue space

tendinopathy regarding different activities involving
knee movement. The score range is 0 to 100. Visual
analog scale (VAS) ranging from 0 (no pain) to 10
(maximum pain) evaluates the average knee pain during
normal daily activities. Patients were asked to point at
the value corresponding to their pain on the numeric
scale during kneeling, squatting or standing. Activity
level was recorded with the use of International Knee
Documentation Committee (IKDC) and Lysholm scores
post-operatively.

Fig. 2 Tibia donor site filling
techniques. Panels a, b, and ¢
show the control technique, in an
intra-operative picture and one
week post-operative axial and 3D
CT images. Panels d, e, and f
show the Bone-Albumin filling
technique

Computed tomography

Computed tomography (CT) of the knee was also performed
after the sixth month with a Phillips Brilliance 64 machine.
Axial slices were obtained with 120 Kv and 300 mA (slice
thickness: 0.9 mm, increment 0.45 mm, collimation 64 x
0.625 mm, pitch 0.579, rotation time 0.75 s). Remaining bone
defect volume was measured with interpolated images on ax-
ial slices. The density (HU) of the regenerating defect was
measured in a 20-mm? circular region of interest placed
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Fig. 3 Functional knee scores. Panel a shows IKDC, panel b shows
VISA and panel ¢ shows Lysholm activity score results at six weeks
and six months post operatively, each with a potential maximum value
of 100. Panel d shows Knee pain at six weeks and six months after BTB

approximately 2 mm below the cortex level. In a separate
group of patients CT was performed at one week after surgery
in order to illustrate the early positioning of the bone fillers
(n=2 per treatment group). 3D images were reconstructed
with Philips Extended Brilliance Workspace software
(v3.5.0.2254).

Statistical analysis

All of the values are reported as the means + SEM. The statis-
tical analysis was performed using Student’s ¢ test using
GraphPad Prism software, and p values < 0.05 were consid-
ered significant. According to the power analysis performed
with BioMath software (http://biomath.info), sufficient effect
sizes can be detected with a sample size of n = 16 using 90 %
power and 95 % significance.

Results

The average age in the control group was 30.3 + 1.7 and 26.7
+1.9 in the Bone-Albumin group. In the control group ten
professional athletes, seven recreational athletes (performing
sport activities at least twice a week) and two persons with
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surgery. Visual analog scale of knee pain on a 0-10 scale in standing,
kneeling and crouching positions. * p <0.05 between the two treatment
groups

sedentary lifestyles were included. In the Bone-Albumin group
11 professional athletes, seven recreational athletes and two
persons with sedentary lifestyles were included. Patients re-
ceived treatment 24 +ten weeks and 14 + five weeks after the
injury in the control and Bone-Albumin groups, respectively.

At the examination date six weeks post-operatively,
both treatment groups were still under recovery from the
operation itself, and overall knee function was compro-
mised as evidenced by the IKDC and VISA scores, less
so in the Lysholm activity scale (Fig. 3). However, both
the IKDC and VISA scores were significantly lower in the
control than in the Bone-Albumin group (Fig. 3). Pain at
the donor site was significantly lower in the treatment
group both at kneeling and crouching, while standing pain
was negligible in both groups (Fig. 3).

At six months, when the tendon is considered healed and
the patients generally return to their previous sport activity
levels, the knee functional scores were close to normal
(IKDC control: 85+2 vs treated: 91 £2, Lysholm control:
96+ 1 vs. treated: 97+ 1, VISA control: 94+ 1 vs. treated:
96 £2) with a slight but statistically significant advantage for
Bone-Albumin in the IKDC score (Fig. 3). At this time point,
donor site pain generally starts to take precedence over other
symptoms. Indeed, although standing and crouching pain sub-
sided in both groups, kneeling pain was prominent in the
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Fig. 4 Morphometric a b
measurements of the patellar site. 00
Panel a shows remaining bone - 5 __ 5007 *
void, while panel b shows density % | g
of the newly formed bone at E 400 * - 4001
six months post-operatively. 2 5
. 300 1 T 1
Panels c-f show representative CT S & 300
. ] (=]
images from the patella. Panel ¢ S 200 o 2001
shows 3D reconstruction and m 5
panel d shows an axial slice of the 100 - «Q 100 -
control group. Panel e shows 3D
reconstruction and panel /' shows 0 . . 0 . ,

an axial slice of the Bone-
Albumin treated group. There is a
significantly lower remaining
defect size with a significantly
denser remodeled bone in the
Bone-Albumin group, indicating
a nearly complete tissue healing.
* p<0.05 between the two
treatment groups

controls but significantly lower in the treatment group (VAS
control: 3.70+0.33 vs. treated: 1.30+0.34, p <0.01) (Fig. 3).

Bone density and the remaining bone defect were measured
with computed tomography. In the patella, defects filled with
Bone-Albumin had significantly smaller bone void and higher
density values than the controls, which were filled with blood
clot only (Fig. 4). The tibia was either filled with the available
autograft only or autograft mixed with Bone-Albumin. Since
the volume of the available autograft bone was variable, the
completeness of the filling was scored by the operator on a
scale of unfilled, moderately, well, or completely filled de-
fects. At six-month follow-up, the completeness of the filling
was not correlated with the bone density in the control group
(Table 1). In the treatment group, the level was always ‘com-
plete’, because Bone-Albumin filling was used to top up the
defects. After six months, no significant bone void was

control

BoneAlbumin control BoneAlbumin

detected in either groups at the tibia site, but Bone-Albumin
augmentation of the autograft resulted in a significantly denser
new bone than that filled with autograft only (605 +41 vs.
407 +£48 HU, p < 0.05, respectively) (Fig. 5).

Discussion

Pain and disability associated with the donor site can be so
severe that it seriously limits the application of bone
autografting, especially in cases where the indication is not
life-threatening [7]. BTB is a well-known and widely used
technique for ACL reconstruction and, despite the good over-
all clinical outcome, donor site pain is limiting its use. The key
factor in donor site morbidity is not functional loss, since
much of the bone stock is rebuilt in a longer period of time,
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Table1 Tibialsite filling in the control group. As the available allograft
bone was not always sufficient to fill the tibia site, the approximate
adequacy of filling was noted by the operating surgeon on a subjective
scale of no/moderate/substantial/complete filling. Bone density values are
measured in the remodeled bone stock at six months on CT. Number of
cases is shown in each category

Filling Density (HU) Number of cases
No 446 +£97 2
Moderate 495 +134 5
Substantial 349+77 7
Complete 390+78 5

but rather the slow or inadequate bone buildup underneath.
The low amount of autologous cancellous bone usually avail-
able during BTB reconstruction can be enough to partly fill
the tibial defects but not both patella and tibia. Moreover, in
the present study the amount of leftover cancellous bone was
sufficient only in 58 % of the cases (11 complete or substantial
filling from 19 cases) to fill one defect, while the other was left
open, which is clearly suboptimal. Persistent pain at the donor
site is probably related to continuous disturbance of the peri-
osteum caused by slow tissue remodeling. Thus, tissue-
engineering strategies in ACL surgery must address the

[\
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0 T
Autograft Autograft + BoneAlbumin

Fig. 5 Density measurements of the tibial donor site. Panel a shows the
density of autologous bone filling compared to Bone-Albumin +
autologous bone. Significantly higher density is observed in the Bone-
Albumin group. Panel b and ¢ show axial CT slices of the tibial donor site
filled with autologous bone and Bone-Albumin + autologous bone,
respectively (regions of interest are circled with dashed lines). * p <
0.05 between the two treatment groups
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problem of pain and healing time rather than bone strength
or bone volume, as these are considered adequately healed
even if left untreated. In the present study, donor site pain
was significantly less already after six weeks post-
operatively if Bone-Albumin was used to fill the bone defects.
In addition, Bone-Albumin filling resulted in better bone mor-
phology, since after six months smaller remaining bone defect
was seen at the patellar site and denser new bone was observed
at the patellar and tibial harvesting sites.

Several techniques were investigated that aimed to im-
prove donor site healing in BTB surgery. In a prospective
randomized study from Cervellin it was described that
platelet rich plasma (PRP) filling of both sites was signif-
icantly better at 12 month post-op [17]. A similar study
has recently reported faster recovery of the donor site with
plasma rich in growth factors, another blood-serum-based
therapeutic approach [18]. These observations confirm the
findings from our present study, since all three interven-
tions achieved better healing with a serum-based technol-
ogy. However, it seems from the results that Bone-
Albumin achieved an even better and earlier bone remod-
eling than PRP or PRGF, which provide only
osteoinduction, but no osteoconduction.

One very important question about bone tissue substi-
tutes is whether they induce ectopic bone formation. Bone
morphogenetic proteins (BMP), for example, are available
in recombinant form, but recent literature data show ec-
topic bone formation as a potential side effect of the treat-
ment, which dampened enthusiasm among clinicians [19,
20]. It is important to note that the dosage of BMP has not
been well studied, though allogeneic bone substitutes may
contain these proteins at physiological levels. Although in
the present study we didn’t use specific growth factors,
the fact that albumin induces stem cell proliferation on the
surface of the grafts raises the question of ectopic bone
formation. After filling the donor sites with Bone-
Albumin, CT scans were taken on the first post-
operative week to visualize the defects. These scans
showed the defects to be completely filled, and some stray
graft fragments were also visible in the surrounding con-
nective tissue. On the CT scans taken at six months, we
observed no ectopic bone deposition in any of the cases,
meaning that the dislocated allograft fragments had been
completely resorbed and bone formation was induced on-
ly within the bone defect site boundaries.

Interestingly, the addition of Bone-Albumin to the au-
tologous cancellous bone resulted in denser new bone
buildup at the tibial site. Since density is correlated with
the mineralization status, it is possible that Bone-Albumin
augmented autografts resulted in faster ossification com-
pared to autografts alone. This suggests the active role of
serum albumin in bone remodeling, however, it is con-
fined to the physiological bone shape as uncontrolled or
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sustained bone growth was not observed throughout the
study.

Even though serum albumin is a well-described protein,
only a limited number of scientific studies investigate its effects
on bone formation. One series of studies showed that albumin
production is increased locally after bone trauma [21].
Moreover, it has been shown that albumin enhances osteoblast
proliferation [22]. In addition, albumin was shown to increase
stem cell adhesion to various biomaterial surfaces, creating a
convenient milieu for further cell function [23-25]. These stud-
ies further suggest that locally increased albumin concentration
may assist the endogenous progenitor population. Since albu-
min dissolves easily, stem cell recruitment ceases quite quickly.
However, this time seems long enough to increase the number
of active cells in the injury site, resulting in faster ossification.

In conclusion, results from the present study showed that
kneeling pain, a most disturbing long-term side effect of BTB
harvesting in a young and active patient population, is signif-
icantly less if the bone buildup in the patella is augmented by
serum albumin-coated bone allografts. The bone substitution
technique resulted in faster and more complete ossification,
producing superior clinical outcome without ectopic bone de-
position compared to standard surgical protocol. Since Bone-
Albumin proved its safety and efficacy in the present study,
the grafting technique could be extended to other clinical sit-
uations, where a fully rebuilding bone tissue is the ultimate
goal.
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