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ABSTRACT

Background. The objective of a musculoskeletal tissue bank is to collect, test, store, and pro-
vide musculoskeletal tissue allografts required in orthopedic procedures. Strict exclusion criteria
are followed when selecting suitable cadaver musculoskeletal tissue donors, and the allografts
are procured under sterile conditions to avoid bacterial contamination. Tissue banking in Turku,
Finland, began in 1972, and tissue bank services were last reviewed in 2003. This study aimed to
review the operation of the musculoskeletal tissue bank in Turku, Finland, between 2014 and
2020 and to analyze the number, types, and contamination rate of the allografts procured from
the cadaver donors. Potential donor-related factors causing bacterial contamination of the allog-
rafts and whether potential musculoskeletal tissue donors were overlooked among multiorgan
donors were also studied.

Methods. A retrospective review of all cadaver musculoskeletal tissue donors used in the Hos-
pital District of Southwest Finland Tyks Orto Musculoskeletal Tissue Bank during the study
period was conducted, and data on the procured allograft was collected and presented. The
donors were selected among patients treated in the intensive care unit (ICU) of Turku University
Hospital (TYKS).

Results. A total of 28 cadaver donors were used, and 636 allografts were procured between
2014 and 2020. The bacterial contamination rate was 2.5%, which was lower than that in the pre-
vious international literature. The median treatment time in the ICU was significantly longer, and
the median value of the highest C-reactive protein level was significantly higher in the group of
donors with positive allograft bacterial cultures.

Conclusions. The bacterial contamination rate in the tissue bank was low on an international
scale. Some suitable musculoskeletal tissue donors were overlooked among multiorgan donors.

HE use of musculoskeletal tissue allografts is common in
orthopedic surgery, and the need for allografts is con-
stantly growing [1—3]. Allografts are procured from living and
cadaver donors, and procured allografts are stored in tissue
banks. Tissue banks are responsible for collecting, testing, stor-
ing, and distributing allografts. Allografts are considered suit-
able materials in reconstructive orthopedic surgery, but the risk
of infection due to transmissible diseases and allograft contami-
nation exists [4,5]. Strict donor selection and serologic screen-
ing tests, together with aseptic procurement methods and
microbiological sampling of allografts, are followed to provide
high-quality allografts and prevent infections in allograft
recipients.
Musculoskeletal tissue banking for clinical purposes in Turku,
Finland, began in 1972, and the first allograft transplantation took
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place in 1973 [6]. Initially, only bone allografts were stored, and
ligament grafts were eventually added to the selection. Aho et al
[7] and Virolainen et al [6] have previously reviewed tissue bank
services in Turku. Since then, the operation of tissue banks has
developed markedly. Currently, stored tissues include long bones,
tendons, the meniscus, and fresh osteochondral allografts. Admin-
istration changes have also been made. On January 29, 2014, the
Finnish Red Cross gave up the administration of tissue banks,
and the Hospital District of Southwest Finland (VSSHP) took
charge. This organization is now called the VSSHP Tyks Orto
Musculoskeletal Tissue Bank.
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This study aimed to review the operation of VSSHP Tyks
Orto musculoskeletal tissue bank between 2014 and 2020. The
number of procured musculoskeletal tissue allografts and the
allograft bacterial contamination rate were reported. The results
were compared to previous reviews of tissue bank services in
Turku, Finland, and the bacterial contamination rate was
also compared to previous international literature. Special inter-
est was focused on cadaver musculoskeletal tissue donors to
examine possible donor-related factors causing bacterial con-
tamination of the allografts and whether some potential muscu-
loskeletal tissue donors were overlooked among multiorgan
donors.

MATERIALS AND METHODS

A retrospective review of all cadaver multiorgan donors treated in the
intensive care unit (ICU) of the Turku University Hospital (TYKS)
between January 1, 2014, and December 31, 2020 was conducted. The
medical history of each donor was studied, and the following donor-
related factors were analyzed: age, sex assigned at birth, cause of death,
time treated in the ICU, antibiotic therapy during treatment in the ICU,
the highest C-reactive protein (CRP) level during treatment period, and
positive bacterial growth in tissue samples. Data on the allografts pro-
cured from cadaver donors were collected from the Tissue DB database
(BCB Medical Ltd). As we aimed to study cadaver donors, femoral
heads collected from living donors were not included in our data. The
study was approved by the Regional Ethical Review Board of Turku
(Dnro TO1/022/2020).

Operating Principles, Administration, and Control

The primary objective of the VSSHP Tyks Orto musculoskeletal tissue
bank is to secure the sufficiency of safe allografts for hospitals in the
Southwest Finland region. Allografts are also sent to other regions in
Finland when needed. Ethical principles are highly maintained. Tissue
donation is free of charge, the working principles follow the assumed
agreement of the donor, and permission from the next of kin is always
requested. The Finnish Medicines Agency is the authority supervising
tissue banking in Finland. Operational guidelines are described in the
quality manual of the tissue bank, and the operating principles comply
with national and European legislation. Guidelines and documents cre-
ated by the European Association of Tissue Banks, the Council of
Europe, and the Finnish Orthopedic Association concerning the opera-
tion of the tissue bank are also included.

Donor Selection, Tissue Retrieval, and Microbiological
Testing

Musculoskeletal tissue donors are selected amongst brain-dead multior-
gan donors. Special attention is paid to the donor criteria because of the
risk of transmissible diseases [5], and the contraindication list is strict
for musculoskeletal tissue donation (Table 1). Cadaver musculoskeletal
tissue donors are typically previously healthy persons aged 16 to
65 years who have died of a sudden cerebral death. The suitability of
the cadaver donor is evaluated by an orthopedic surgeon performing tis-
sue procurement together with a tissue banking coordinator. The contra-
indication list is examined utilizing the medical records and physical
examination of the donor, and a possible hemodilution is observed. A
donor’s suitability for tissue donation is documented in the medical
records. Blood samples from each donor are screened for the presence

Table 1. Inclusion and Exclusion Criteria for Musculoskeletal
Tissue Donation

Inclusion criteria
Assumed agreement of the donor and permission of the next of kin
Age:
Under 65 y for bones and tendons
Under 40 y for meniscus and FOCA-grafts
Exclusion criteria
Multiple injury trauma or a vast tissue damage
Hemodilution over a half of total plasma volume
Generalized infection: sepsis, tuberculosis, systemic viral, fungal or
parasite infection
Unclear cause of death or unknown disease
Previous or active HBV or HCV infection
Syphilis
HIV or HTLV infection
Skin jaundice
Previous or active malignancy
Osteoporosis
Chronic autoimmune disease
Long term use of corticosteroids or other immunosuppressive
therapy
Chronic neurologic disease
Use of human origin pituitary hormone
Previously received tissue transplant
Born in foreign country or foreign descent
Vaccinated with live-attenuated vaccine within 6 wk
Carriage of resistant bacterium
Local infection in tissue procurement area
Risk group of HIV or hepatitis
Abnormal sexual history
History of drug or alcohol abuse
Exposure to chemical or heavy metal
Intoxication
Imperfect skin at procurement area: damaged or infected, large
tattoos, suspicious moles, needle pricks (other than hospital origin)
Positive test for COVID-19 (since 2019)

HBV, hepatitis B virus; HCV, hepatitis C virus; HTLV, human T-lymphotropic
virus type.

of transmissible diseases. Serologic screening tests are performed to
detect the human immunodeficiency virus (S-HIVAgAb and P-
HIVIND), hepatitis B (S-HBsAg, S-HBcAb, and S-HBVNhO), hepati-
tis C (S-HCVAb and P-HCVNhO), and Treponema pallidum (S-
TrpaAb). A positive test result leads to the discarding of all procured
allografts. The procurement of allografts is performed less than 12 hours
after the expiration of the donor’s blood circulation.

The procurement and handling of the allografts are performed asepti-
cally in an operating room by a surgical team. If signs of contamination
appear at any stage of the procurement process, a possibly contaminated
graft is immediately rejected. The grafts are procured in a predetermined
order, one graft at a time. Soft tissues are removed from around the
grafts, and bones are separated into parts when needed. Bone marrow is
scooped empty, and the grafts are washed with a pressure lavage using
a sterile saline solution. Microbiological samples are taken after the
washing. Three tissue biopsy samples are taken from each allograft.
The samples are cultured for both aerobic and anaerobic bacterial and
fungal growth. Microbiological testing is executed in qualified, noted,
and accredited laboratories using validated methods. The grafts are
approved only if all cultures are negative.



Storage and record keeping. After microbiological sampling, the grafts
are packed in two-fold sterile plastic packages or plastic jars. Each graft
is packed straight after sampling, and no more than one graft is proc-
essed at a time. Each package is labeled and marked to identify the
donor and type and size of the allograft, blood type of the donor, date of
procurement, and expiration date of the allograft. The allografts are fro-
zen within 12 hours after procurement. In practice, freezing is done
immediately after packaging. Frozen allografts are stored at a tempera-
ture of -75°C. Fresh osteoarticular grafts are stored in an antibiotic solu-
tion at refrigerator temperature (2-8°C) for no more than 21 days.

Data on the used allografts are preserved for 30 years after clinical
usage of the graft. All data related to the donation of allografts are pre-
served. Each graft is marked with a tissue identification number. By
entering the identification number into the database, all information
concerning the allograft and the donor is available, if necessary.

Clinical use of allografts. The classical sites for the usage of allografts
are bone defects caused by bone tumors or trauma, spinal fusion sur-
gery, and filling of a cavity in revision arthroplasties. Tendon grafts are
used in reconstructive or reinsertion surgery of ligaments and tendons
in the upper and lower limbs (Figs 1 and 2).

Statistical Analysis

Variables were summarized with descriptive statistics. For analysis, the
donors were categorized into two groups: positive tissue bacterial cul-
tures and no positive tissue bacterial cultures. Associations between the
bacterial contamination and the variables were studied one by one with
the Kruskal—Wallis test and Fisher exact test (for categorical variables).

The normality of variables was evaluated visually and tested with the
Shapiro—Wilk test. Due to the non-normality of continuous variables,
nonparametric methods were used. All tests were performed as two-
sided with a significance level set at P < .05. The analyses were per-
formed using the SAS System, version 9.4 for Windows (SAS Institute
Inc).

RESULTS

During the seven-year study period from 2014 to 2020, a total
of 28 musculoskeletal tissue donors were used, and 636 allog-
rafts were procured in the VSSHP Tyks Orto tissue bank. The
most frequently procured allografts were the femur, tibia, and
tibialis anterior and posterior tendons. Detailed information on
the donors and tissue allografts is presented in Table 2. The

Fig 1. (A) A detached Achilles tendon allograft. (B) Achillies ten-
don allograft used in a knee surgery.

Fig 2. (A) A bone defect in the distal femur. (B) Bone defect of the
distal femur filled with a bone allograft.

number of procured allografts per donor varied from 10 to 34
grafts, and the mean number of procured allografts was 23. The
annual number of procured allografts varied from 22 to 138,

Table 2. Donor and Tissue Details

Donor details N

Donors 28

Male (%) 13 (46)

Female (%) 15 (54)

Mean age (y) 51.4 (Range 16-65)

Cause of death (%)

Subarachnoid hemorrhage 19 (67.8)
Subdural hematoma 3 (10.7)
Intracerebral hemorrhage 3 (10.7)
Crush injury of skull 1 (3.6)
Ischemic stroke 1 (3.6)
Hypoxic-ischemic brain injury 1 (3.6)
Traumatic cause of death 5 (17.9)
Distribution of allografts N
Total 636
Used (%) 370 (58)
Sent to other organizations (%) 51 (8)
Discarded (%) 49 (8)
In store (%) 166 (26)
Types and numbers of allografts (%) N
Femur (strut, diaphysis or distal) 110 (17.3)
Tibia (distal or diaphysis) 83 (13.1)
Tibialis anterior tendon 56 (8.8)
Tibialis posterior tendon 56 (8.8)
Achilles tendon 55 (8.7)
Patella (Bone-tendon-bone) 46 (7.2)
Humerus (distal, diaphysis or proximal) 32 (5.0)
Fibula 29 (4.6)
Extensor Digitorum Longus 25 (3.9)
Semitendinosus tendon 24 (3.8)
Radius 16 (2.5)
Flexor hallucis longus tendon 13 (2.0)
Gracilis tendon 13 (2.0)
Extensor hallucis longus tendon 11 (1.7)
Flexor hallucis longus tendon 11 1.7)
Flexor digitorum longus tendon 6 (0.9)
Ulna 5 (0.8)
FOCA 5 (0.8)
Meniscus 1 (0.2)
Quadriceps tendon 1 0.2)
Other 38 (6.0)
Total 636 (100)

FOCA, Fresh osteochondral allograft.
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Fig 3. The number of harvested
allografts and used cadaver donors
yearly.

and the mean number of procured allografts was 91 grafts per
year. The number of donors varied from 2 to 6 per year (Fig 3).

The total number of discarded allografts was 49, accounting
for 7.7% of all procured grafts. The causes for discarding were
as follows: 21 (3.3%) outdated the five-year storage time, 16
(2.5%) were positive for bacterial cultures, 5 (0.8%) grafts were
melted for usage but were not used during the operation, 4
(0.6%) melted during storage, 2 (0.3%) were discarded because
of poor graft quality, and 1 (0.16%) had an incorrect graft size.

At least one bacterial culture was positive in 16 allografts.
Two different bacterial species were identified in 3 grafts; thus,
in total, 19 positive bacterial cultures were found. Bacterial con-
tamination was the cause of discarding in 32.7% of all discarded
cases. Seven different bacterial species were identified, and the
bacteria were divided into low and high virulence. Low-viru-
lence Staphylococcus species were most frequently cultured.
High-virulence pathogens were found in 2 samples, both taken
from the same donor. The species and numbers of bacteria are
summarized in Table 3.

Table 3. The Species and Number of Cultured Bacteria from
Harvested Allografts in the VSSHP Tyks Orto Tissue Bank 2014-

2020
Virulence Species N %
Low virulent
Staph. Epidermidis 8 42.0
Staph. Capitis 3 15.8
Propionibacterium Acnes 3 15.8
Staph. Caprae 2 10.5
Staph. Hominis 1 5.3
Total 17 89.4
High virulent
Enterococcus faecalis 1 5.3
Parabacteroides distasonis 1 5.3
Total 2 10.6
All bacteria 19 100

Staph, Staphylococcus; VSSHP, Hospital District of Southwest Finland.
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Positive serologic screening tests were not detected in any
donors during the study period.

The donors were divided into 2 groups based on positive and
negative tissue bacterial sample findings. The summary statistics
for both groups are presented in Table 4. At least one positive
bacterial culture was found in 6 (21%) donors, whereas no posi-
tive bacterial cultures were found in 22 (79%) donors. The num-
ber of contaminated allografts varied from 1 to 5 per donor. In
comparing the results between the two groups, the median treat-
ment time in the ICU (4.0 days vs 2.5 days) (95% CI 1.6—8.4 vs
95% CI 2.3—3.3, P = .04) and the median value of the highest
CRP level during the treatment period in the ICU (158 mg/l vs
25 mg/l) (95% CI 54—237 vs 95% CI 25-82, P = .01) were sig-
nificantly higher in the group of donors with positive tissue bacte-
rial cultures. A combination antibiotic therapy during treatment in
the ICU was used more frequently in the group of donors with
positive tissue bacterial cultures (67% vs 50%), but the difference
was not significant (P = .65). Correlation between CRP level and
bacterial contamination was statistically significant when the CRP
level was >103 mg/l (P = 0.038).

Bacterial samples containing high-virulence pathogens were
found in one donor. The same donor also had the longest treat-
ment time of 11 days in the ICU and the highest number of pos-
itive tissue bacterial cultures. The second-longest treatment
time in the ICU was 6 days, and a positive low-virulence bacte-
rial sample was found from this donor. Notably high CRP levels
of 194 and 270 mg/l, respectively, were found in the two
donors. The longest treatment time in the group of donors with-
out positive bacterial cultures was 5 days, and the highest CRP
level was 244 mg/l. In the group of donors without positive bac-
terial cultures, the average of the highest CRP level increased
during each additional day in the ICU. The treatment time and
the highest CRP level of each donor are presented in Table 5.

A total of 61 multiorgan donors were treated in the ICU dur-
ing the study period, and 33 (54%) of these donors were
excluded from the musculoskeletal tissue donation. The exclu-
sion criteria were met in 27 (82%) donors: 11 (33%) were over



Table 4. Summary statistic of the donors with and without positive tissue bacterial cultures

Donor statistics N

Donors with positive tissue bacterial cultures (%) 6 (21)
Median treatment time in the ICU (d) 4.0 (Range 2-11)
Elevated CRP level (>45 mg/l) during treatment (%) 6 (100)
Median value of the highest CRP level (mg/l) 158 (Range 45-270)
Combination antibiotic therapy during treatment (%) 4 (66)
Traumatic cause of death (%) 1 17)

Donors without positive tissue bacterial cultures (%) 22 (79)
Median treatment time in the ICU (d) 25 (Range 1-5)
Elevated CRP level (>45 mg/l) during treatment (%) 9 (41)
Median value of highest CRP level (mg/l) 25 (Range 1-244)
Combination antibiotic therapy during treatment (%) 11 (50)
Traumatic cause of death (%) 4 (18)

CRP, C-reactive protein; ICU, intensive care unit.

65 years of age, 8 (24%) had a history of alcohol abuse, and 5
(15%) had multiple injury trauma. Other exclusion criteria were
diabetes mellitus, rheumatoid arthritis, and septic infection once
(3%). The exclusion criteria for musculoskeletal tissue donation
were not identified in 6 cases (18%). A donor was overlooked
once (3%) because the surgical team was not available. In 3

(9%) cases, the donors were overlooked because information
from the ICU did not reach the tissue bank coordinator or the
orthopedic surgeon in charge of tissue procurement. In 2 (6%)
cases, whether the information did not reach the tissue banking
coordinator or whether the surgical team was unavailable was
uncertain.

Table 5. Characteristics of Each Musculoskeletal Tissue Donor Used in the VSSHP Tyks Orto Tissue Bank Between 2014 and 2020

Treatment time Highest CRP Use of combination No. of positive tissue
Study patient no. in ICU (d) level (mg/l) antibiotic therapy bacterial cultures
15 11 194 Yes 6
23 6 270 Yes 1
20 4 52 No 1
14 4 45 Yes 2
10 3 180 Yes 5
6 2 135 No 4
11 5 244 No 0
5 5 71 Yes 0
17 4 103 Yes 0
28 4 75 Yes 0
24 4 71 Yes 0
8 3 135 No 0
18 3 134 Yes 0
27 3 103 Yes 0
12 3 27 No 0
9 3 25 Yes 0
21 3 1 No 0
1 2 108 No 0
16 2 25 Yes 0
7 2 11 No 0
2 2 10 No 0
13 2 10 Yes 0
26 2 8 Yes 0
4 2 4 No 0
25 2 4 Yes 0
22 2 2 No 0
19 2 1 No 0
3 1 2 No 0

CRP, C-reactive protein; ICU, intensive care unit; VSSHP, Hospital District of Southwest Finland.



DISCUSSION

This study analyzed the operation of the VSSHP Tyks Orto tis-
sue bank in Turku, Finland, with a special interest in possible
changes in the number of procured allografts and bacterial con-
tamination rates compared to previous studies on the tissue
bank service in Turku. The study also aimed to discover factors
affecting tissue bacterial contamination and determine whether
cadaver multiorgan donors suitable as musculoskeletal tissue
donors were overlooked.

Aho et al reported an increase of 205% in procured long
bones from 1984 to 1989 to 1990 to 1995 at the Turku Bone
Bank [7]. Virolainen et al reported 375 procured allografts from
98 musculoskeletal tissue donors over a 30-year period (a mean
of 3.8 grafts per donor) from 1972 to 2003 [6]. The average
number of 23 procured allografts per donor and 91 allografts
annually found in this study indicate that the use of individual
donors in the tissue bank service has improved markedly during
the last 20 years. Moreover, the increased number of procured
allografts reflects the constantly growing need for musculoskel-
etal allografts. In the study period from 2014 to 2020, the num-
ber of procured allografts varied annually, mainly due to
changes in the prevalence of cadaver donors.

The total discarding ratio of allografts was 24% from 1972 to
1995 at the Turku Bone Bank, and the bacterial contamination
rate was 8.4% [7]. From 1972 to 2003, the total discarding rate
was 9.9%, and the bacterial contamination rate was 6.6% [6].
The bacterial contamination rate of 2.5% in the current study
was notably lower, and different types of technical failures lead-
ing to discard allografts also decreased. The incidence of allog-
rafts outdating the five-year storage time was identical in the
studies, possibly indicating that the ratio of supply to demand
of the allografts remained stable.

Baseri et al published a meta-analysis, including 17 studies
and 19,805 bone allografts, regarding bacterial contamination
rates in musculoskeletal tissue allografts from 2000 to 2021 [8].
In their analysis, the overall bacterial contamination rate was
19.9% among cadaver donors. In Europe, the bacterial contami-
nation rate of allografts was 14.3%. The lowest contamination
rate was reported in Australia, at 5.2%. This was explained by
the higher hygienic standards of tissue banks in Australia. The
higher contamination rates in Europe remained unclear. The
contamination rates reported in other studies consisting only of
cadaver donors were 10% to 52% (Table 6). The 2.5% bacterial
contamination rate in the VSSHP Tyks Orto tissue bank was
lower than that in the previous literature.

The screening methods for swabs and biopsy samples result
in different contamination rates, and no unambiguous interna-
tional guidelines for screening methods exist [8—10]. This,
together with the different procurement methods, makes the
comparison of bacterial contamination rates between studies
difficult. Various decontamination methods, from irradiation
and antibiotic solutions to mechanical lavage, are used to disin-
fect allografts during the procurement process [11]. Low-pres-
sure pulse lavage with a sterile saline solution has been shown
to be an effective disinfection method [10,12,13]. Swab samples
were used for microbiological screening, and the allografts were

Table 6. Contamination Rates of Musculoskeletal Allografts
Harvested from Cadaver Donors in Literature

First author N (contaminated/total) %
Paolin [32] 5211/10 035 52
Vehmeyer [33] 2546/5710 45
Ibrahim [36] 120/437 27
Journeuax [37] 65/272 24
Terzaghi [26] 635/2 778 23
llays [38] 115/506 22.7
Vinuela-Prieto [39] 227/1 162 19.5
Ivory [40] 4/22 18
Naves [15] 218/1 271 1741
Liu [41] 25/201 124
Bohatyrewicz [42] 45/424 10.7
Schubert [16] 365/3612 10.1

immersed in an antibiotic solution during the previously fol-
lowed procurement process in the tissue banking procedure in
Turku [6,7]. The findings suggest that the currently followed
methods of pulse lavage with sterile saline and biopsy sampling
show good results for allograft sterility. We agree with Baseri
on the issue of standardizing the tissue sampling process.

Bacteria identified from the microbiological cultures were
divided into low and high virulence in the study of Deijkers et
al [14], and the same grouping was followed by Naves et al
[15] and Schubert et al [16]. Low-pathogenic microbes are con-
sidered skin commensals, representing external contamination
during the procurement process, and they rarely cause clinical
infection in the receiver. Our study findings correspond with
those of Deijkers and Schubert, suggesting that most contami-
nations result from external contamination during the procure-
ment process.

The treatment time in the ICU was significantly longer in the
group of donors with positive bacterial cultures. Also, the only
donor in this study possessing high-virulence bacterial samples
had a notably longer treatment time in the ICU than the rest of
the donors. Length of stay in the ICU has been associated with
the risk of bacterial contamination, and a longer stay increases
the likelihood of contamination [15,16]. Caution was suggested
regarding selecting donors with long treatment times in the
ICU.

Naves et al analyzed whether the number of leukocytes dur-
ing the treatment period in the ICU predicts tissue contamina-
tion and did not find the number of leukocytes relevant for
predicting tissue contamination rate [15]. We did not find previ-
ous studies regarding the correlation between measured CRP
levels from donors during treatment in the ICU and tissue bacte-
rial contamination. C-reactive protein is a widely used bio-
marker to detect bacterial infection in ill patients. Elevated CRP
levels predict bacterial infection, but other inflammatory
responses can also elevate CRP levels [17—20]. The predictive
cut-off value for CRP level to diagnose sepsis in critically ill
patients in the ICU surroundings has been studied before, but
the optimal cut-off value is yet to be established. A cut-off value
for CRP levels between 50 mg/l and 100 mg/1 has been consid-
ered reasonable sensitivity and specificity vice [21—24]. The



risk for nosocomial bacterial infection during treatment in the
ICU is high [25]. It is considered that ICU surroundings and
procedures, such as various catheterizations, tracheal intubation,
and mechanical ventilation, promote colonization with highly
virulent bacteria and that these pathogens can spread via the
hematogenous route to the procured tissues [15,26]. Notably
elevated CRP levels are also associated with bacteremia
[27—30]. Deijkers et al found a strong correlation between a
positive blood culture and the contamination of allograft with
highly virulent bacteria [14]. Terzaghi et al, surprisingly, did
not find a correlation between positivity of blood culture and
increased risk of allograft contamination [26]. In this study, a
statistically significant correlation between CRP level and bac-
terial contamination was found when the CRP level was higher
than 103 mg/l.

However, most of the bacterial contaminations were caused
by low-virulent bacteria that are considered to represent external
contamination during the procurement process. The only donor
in the present study with high virulent bacterial contamination
had a highly elevated CRP level of 194 mg/l. We believe that a
possible cut-off value for CRP level to predict allograft contam-
ination with endogenous high-virulent bacteria could be even
higher than that found in this study. However, because all the
high-virulence bacterial contaminations were found from a sin-
gle study donor, conclusions cannot be drawn based on this
study. More research with a higher volume of donors and allog-
rafts containing high-virulent bacteria is needed to study this
topic. We believe that markedly elevated CRP levels and the
previously mentioned long treatment times in the ICU could be
risk factors for allograft contamination, with high-virulent bac-
teria originating from endogenous contamination.

The study donor with the second-longest treatment period
also had a positive, though low-virulent, bacterial sample and a
high CRP level of 270 mg/l during treatment in the ICU. How-
ever, a high CRP level of 244 mg/l was found in the donor with
the longest treatment time in the group of donors without posi-
tive tissue bacterial samples (Table 5). Positive low-virulent
bacterial cultures were also found in donors with shorter treat-
ment periods and lower CRP levels, yet each donor with posi-
tive bacterial contamination had at least a moderately elevated
CRP level (>45 mg/l). The findings are unclear, and potential
external contamination during the procurement process hinders
the evaluation of these factors. Therefore, the potential associa-
tion between long treatment time, high CRP level, and allograft
bacterial contamination should probably be limited to only
high-virulent bacteria expected to originate from endogenous
contamination.

A combination antibiotic therapy was used more frequently
in the group of donors with positive bacterial contaminations,
but the difference was not significant. The absence of antibiotic
therapy has been associated with an increased risk of allograft
bacterial contamination, but a combination antibiotic therapy
was not found to be relevant regarding contamination [15]. Pro-
phylactic antibiotic therapy was recommended, with no need
for combination antibiotic therapy. In the TYKS ICU, each
donor was treated with standard broad-spectrum antibiotic ther-
apy (Meropenem 1 g intravenously 3 times a day) during the

entire treatment period. With certain donors, a combination
antibiotic therapy (usually with Cefuroxime 1.5 g intrave-
nously 3 times a day) was used when the clinical situation
of the donor evaluated by the ICU physician required it. It
seems that the use of prophylactic antibiotic therapy should
be recommended during treatment, but combination therapy
does not provide additional protection against allograft bac-
terial contamination.

The high experience of the surgical team reduces the risk of
bacterial contamination during the procurement process
[15,16]. The large number of surgical team members is also
associated with the risk of contamination, increasing with every
extra staff member in the operating room [14,26,31-33]. A
small surgical team performs all allograft procurements in the
VSSHP Tyks Orto tissue bank. The surgical team consists of 2
to 3 nurses and 2 surgeons; therefore, the total number of surgi-
cal team members in the operating room is 4 to 5 persons at a
time. Only trained orthopedic surgeons perform the procure-
ment process. Surgical team members are familiar with the pro-
curement process and have been given special training on
aseptic working methods during the musculoskeletal tissue pro-
curement process from cadaver donors. Written instructions are
established to guide the working principles in the operating
room, and the operating room is sealed during the procurement
process to prevent unnecessary passage of persons and
microbes into the room. These arrangements ensure that the sur-
gical process is performed effectively, aseptically, and without
unnecessary action, minimizing the possibility of external con-
tamination of the allografts during the procurement process. We
believe that the high hygienic standards followed in our prac-
tice, accurate patient selection, and effective operation of a
well-trained surgical team are factors affecting the low inci-
dence of bacterial contamination rate in the VSSHP Tyks Orto
tissue bank.

Overlooking potential organ donors is a previously recog-
nized issue [34,35], and less than half of the organ donors
treated in the TYKS ICU were also used as musculoskeletal tis-
sue donors. In some cases, there were doubts that information
about a potential musculoskeletal tissue donor in the TYKS
ICU did not reach the tissue banking coordinator or the orthope-
dic surgeon in charge of tissue procurement, leading to the over-
looking of suitable donors. Despite careful study, the exclusion
criteria for musculoskeletal tissue donation were not observed
in the medical records of 6 donors. It is impossible to say for
certain whether an exclusion criterion was not mentioned in the
medical records. It seems that at least 3 patients were over-
looked due to a lack of communication. As 2 other cases took
place during the holiday, it was uncertain whether the donor
was overlooked due to a lack of communication or the surgical
team being unavailable. One time, the surgical team was not
available due to the holiday season. A lack of communication
between the ICU and the tissue bank in TYKS was previously
noted, and the study findings confirmed that some suitable can-
didates for musculoskeletal tissue donation were overlooked
among organ donors.

Moreover, although the small number of surgical team mem-
bers improves efficiency in the allograft procurement process



and reduces allograft contamination, all team members may not
be available, especially during holidays. Owing to the small
number of potential musculoskeletal tissue donors, any suitable
donor should not be overlooked. Actions have already been
taken to reduce this possibility. Electronic instructions have
been created, and regular training is given to the ICU staff so
that suitable musculoskeletal tissue donors will not remain
unused in the future.

We acknowledge that this study has some limitations. The
number of study donors was small, thus reducing the reli-
ability and significance of the study results. Encouraging
results were found in the correlation between a long stay in
the ICU and high CRP level and the possibility of tissue
bacterial contamination. However, the main findings of this
study focused only on a small group of study donors.
Research with a higher donor volume must be conducted to
verify the findings of this study. Because of the retrospec-
tive nature of this study, the details of the study donors
were based only on their medical records. Comprehensive
documentation is integrated into medical records during
treatment time in the ICU, and we believe that no signifi-
cant details remained undocumented.

CONCLUSIONS

This review indicates that the operation of the VSSHP Tyks
Orto musculoskeletal tissue bank conforms to the directives
and guidelines established by national and European author-
ities and the European Association of Tissue Banks. The
number of procured musculoskeletal allografts has increased
markedly during the last decades, and the percentage of
allograft bacterial contamination has decreased simulta-
neously. The bacterial contamination rate of 2.5% in allog-
rafts procured from cadaver donors was lower than that
found in the previous international literature. Median treat-
ment time in the ICU was significantly longer, and the
median value of the highest CRP level during the treatment
period was significantly higher in the group of donors with
positive allograft bacterial contaminations. A long treatment
period in the ICU and a high CRP level could be risk fac-
tors for allograft contamination with high-virulent bacteria,
but more research is needed on this topic. Overlooking
potential organ donors is a known issue, and some potential
musculoskeletal tissue donors were overlooked among mul-
tiorgan donors treated in the TYKS ICU.
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