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Abstract: Background: Orthopedic and traumatologic departments have the choice of conducting an own bone bank in 
which grafts are prepared and stored, or purchasing costly bone grafts from professional providers. The aim of the study was to 
retrospectively analyse the bone bank affiliated with the traumatology department in the ten-year time period from 2001-2010. 
Patients and Methods: Altogether 1035 patients who underwent a primary hip replacement were included as potential donors. 
632 patients were treated with a coxarthritis (CA) and 403 with a femoral neck fracture (FNF). Results: The bone donation was 
deferred in 731 (70,6%) and conducted in 304 (29,4%) patients. The majority of the deferrals were due to the maturity (age 
above 75 years) of the patients and an osteoporotic bone structure of the graft. Other reasons for deferral were a positive donor 
history, incomplete donation documents, and previous osteosynthesis of the proximal femur or acetabulum. The rate for 
exclusion was significantly higher in the FNF group, which was based on the difference of age, bone structure quality, and the 
non-elective setting of the operative treatment. Conclusion: In summary, bone donations from urgently hospitalised patients 
with a FNF have a significantly higher deferral rate than electively planned patients with CA. 
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1. Introduction 

The transplantion of bone plays a key role within the 
orthopaedic and trauma surgery to meet the high demands of 
surgeons and patients for reconstruction of bone defects. The 
bone grafts are essential in the treatment of spacious skeletal 
defects during endoprosthetic or spinal procedures and 
arising from fractures, infections, and non-unions or after 
resections of bone tumors [1-6]. The first autologous bone 
donation was performed by the Scottish surgeon Macewen in 
Glasgow in 1881 [7]. Since then the indications and therapies 
for bone grafting have changed significantly.  

The number of total knee and hip arthroplasties in 
Germany has significantly increased over the last decade. 
Since 2003 the amount of total hip arthroplasties rose by 
more than 20% and total knee replacements by more than 
50%. In consequence the revision rate has grown even more 
significantly, with 41% for hip and 117% for knee prostheses, 
and further increases in the total amount of joint 
replacements is expected in the following years due to 

demographic reasons [8]. This development will lead to an 
even more dramatic need for bone grafts to restore bone-
stocks for major implants. 

The transplantation of autologous bone to cover defects is 
still considered to be the gold standard, and is preferred in 
comparison to allogenic grafts for its osteoconductive and 
osteoinductive effects. Autologous bone is routinely 
harvested from the anterior iliac crest for transplantation but 
is frequently not adequately available and presents with a 
prevalent donor site morbidity [9]. Therefore autologous 
bone transplantation is not always performed and allogenic 
grafts lacking in osteoinductive activity are instead used [10-
12] [13] [14]. While most of other donated tissue is obtained 
from cadaveric donors, bone grafts are typically attained as 
femoral heads from living donors during primary hip 
replacement [15]. The storage and transplantation of 
allogenic bone is well known and has been widely 
established since the first studies of Wilson in 1947 [16]. 
Allogenic grafts are stored and allocated by professional 
orthopaedic bone banks or regional solutions affiliated to a 
hospital. 
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The efforts of these hospitals, especially in the highly 
specialised orthopaedic and trauma centers, to provide bone 
grafts are tremendous. In particular, the highly specialised 
orthopaedic and traumatologic centres transplanting 
regularly are affected. If a sufficient quantity of donated 
bone does not exist in stock, costly allogenic bone has to be 
purchased from professional providers, which carries the risk 
of reduced quality. 

In conducting an individual bone bank, hospitals have to 
consider the complex management process [17]. A distinct 
process has to be initiated and multiple parameters have to be 
considered before performing a bone donation and 
transplantation (Fig. 1). Additionally the national law (i.e. in 
Germany §§ 20 b and C and 21 a of the German 
Pharmaceuticals Act) and the guidelines of the European 
Association of Musculo-Skeletal Transplantation (EAMST) 
have to be regarded. 

Approximately 300.000 allogenic bone transplantations 
are performed in the U.S. and about 30.000 in Germany 
annually. In Germany the donated bone is processed by one 
of the 300 existing individual bone banks associated to a 
hospital [18], while in the U.S. the donor bone is prepared by 
a professional bone bank and is expensively acquired 
through the clinics. Differing in motivation, some hospitals 
have to purchase donor bone due to a lack of an own bone 
bank while others have to purchase bone grafts due to a 
quantity mismatch between bone donations and bone 
transplantations.  

The aim of this study was to determine the deferral rate of 
feasible donations in a traumatology and orthopaedic 
department, and to elucidate reasons for exclusions. In 
addition structural improvement opportunities of bone 
donation were investigated. 

2. Material and Methods 

Potential bone donors and bone transplantations at our 
hospital were retrospectively analysed in the years 2001-
2010 (Evidence Level III). The femoral head grafts were 
collected from living donors during primary hip arthroplasty 
according to the national law (§§ 20 b and C and 21 a of the 
German Pharmaceuticals Act) [18 19] [20]. The operations 
were performed electively in case of arthritis or urgently in 
the event of femoral neck fractures. Depending on the 
necessity, urgent operations were carried out by the on-call 
duty team in the evening, at night, or on the weekend. 

At first potential donors had to approve a possible bone 
donation during the total hip replacement in written form. 
Subsequent the patients were examined by a survey 
including questions to personal demeanours, previous 
illnesses and surgeries. A physical examination followed 
including the collection of blood samples. 

During the hip arthroplasty the osteotomie of the femoral 
neck was accomplished in the typical manner with an 
oscillating saw. The femoral head was then removed with a 
corkscrew instrument and macroscopically inspected. In case 
of pathologic or suspicious findings, the graft was excluded 

(Table 1). After removal the donor bone underwent a specific 
cycle of thermodisinfection. Primarily the hyaline cartilage 
of the femoral head was removed with a drill and the size of 
the remaining graft defined. Unless the size of the graft 
exceeded 56 mm in diameter the bone was bisected. The 
femoral head then was placed in a lobator container and 
immersed in saline solution. The thermodisinfection was 
promptly achieved by a minimal temperature of 82,5 °C for 
15 minutes during a heating periode of 90 minutes after the 
established standards of the University of Marburg and Telos 
[21] [22] [23]. After the cooling-off period the saline solution 
was attained under sterile conditions and aerobic and 
anaerobic microbiological tests were carried out. Until the 
transplantation the graft was cryoconserved at -80 °C.  

This practice leads to a safe bacterial and viral disinfection 
of the graft – a second HIV test is not essential - and 
additionally does not significantly change the integrity of the 
bone. In contrast to an autoclave method the 
thermodisinfection of the bone still contains 50-80% of its 
osteoinductive capacity and the osteoconductive effect is not 
impaired [24]. Simply cryoconserved grafts however have an 
unrestrained osteoinductive activity and no loss in the 
osseous structure but lack in antibacterial and antiviral safety 
compared to the thermodisinfected grafts. Dedicated bone 
bank nurses did not assist the process during the analysed 
period. 

3. Results 

From January 2001 to December 2010 1035 (425 male,  
610 female) primary hip arthroplasties were performed. The 
mean age was 70,6 ± 12,9 years (Fig. 2 and 3). Over the 10-
year period the number of primary hip arthroplasties per year 
increased insignificantly. Altogether 632 arthroplasties based 
on coxarthritis (321 male, 311 female) and 403 due to 
femoral neck fractures (104 male, 299 female) were 
performed. 

A bone donation was conducted in  304 patients (29,4 %) 
and deferred in 731 patients (70,6 %) (Fig. 4). Multiple 
reasons led to these results and to the apparently high 
deferral rate. In all 345 cases of donation the screening 
criteria were fulfilled. The femoral heads were 
macroscopically examined, prepared for a storage and 
regularly cryoconserved. Various donated grafts have already 
been transplanted to cover osseous defects. 

39 patients (4 %) were excluded due to previous 
osteosyntheses of the femur or acetabulum. An incomplete 
questionnaire or serological examination was the reason for 
discarding 59 (6 %) grafts. The primary exclusion of 98 
patients (10 %) was based on a positive donor history in the 
questionnaire due to already known diseases. A previous 
malignant disease was only relevant for a deferral of the graft 
in 38 patients (4 %). Many grafts (84) though were deferred 
intraoperatively (8 %) on account of various reasons. 
Numerous grafts were discarded either due to macroscopic 
findings after the removal or due to signs of osteoporosis in 
the preoperative x-ray assessments. A necrosis of the femoral 
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head lead to an exclusion of 16 patients (2 %).  The age of 
the donor played the key role and constituted the exclusion 
of 417 (40 %) – 255 in the FNF and 162 in the CA group - 
patients older than 75 years (Fig. 3).  

44 out of 59 patients (75 %) with an incomplete 
questionnaire or serological examination who could not be 
included into the donation process were treated during on-
call hours. This is demonstrated by the inclusion rate during 
on call shifts being significantly lower than during regular 
working hours. In addition 7 patients (1 %) refused a graft 
donation despite a detailed conversation (Fig. 5 and 6). 

4. Discussion 

Since the first bone transplantation by Macewen in 
Scotland the indications for a bone transplantation have 
changed considerably [7]. Until now the procedure of a bone 
donation has advanced and the bone donation is a standard 
procedure in orthopaedic surgery [25]. Bone transplantation 
to cover osseous defects is required frequently in 
endoprosthetic revision surgery. Therefore specialised 
departments rely on a peculiar bone bank or have to acquire 
costly prepared grafts from professional bone banks. Since 
bone donations are most commonly performed during an 
elective hip arthroplasty, departments with a high 
traumatolgic/orthopaedic patient ratio may develop a 
shortage of bone grafts for transplantation. In order to 
elucidate this challenge a ten-year analysis in a 
traumatologic/orthopaedic department was conducted.  

The analysis of bone donation over a ten-year period 
reveals crucial data.  

The investigation demonstrates that in this period about 
60% of the patients were operated electively based on 
coxarthritis (CA) while in about 40% the hip arthroplasties 
were performed urgently due to femoral neck fractures 
(FNF). A standardised treatment of the patients in the FNF 
group was carried out including a contemporary surgical 
procedure. The data shows a significant decrease of bone 
donations in the FNF group in contrast to the CA group (21 
donations vs. 324). In the FNF group only 21 patients were 
included in the process of bone donation in contrast to 403 
potential donors. Multiple reasons appear to be responsible 
for these findings. The age of the two groups differed 
significantly revealing the maturity in the FNF group (mean 
76,8 ± 11,3 years) in comparison to the CA group (mean 66,7 
± 12,9 years). In addition the FNF group manifested with a 
higher rate of co-morbidities as reasons for exclusions. In 
addition almost all patients with a FNF were medicated by 
the emergency medical services before the hospitalisation. A 
premedication often led to an incomplete questionnaire or a 
missing written consent for a bone transplantation and 
consequently to an exclusion of the bone donation. In most 
cases (71 %) the indication for an urgent operation was 
posed during on-call services in the evening, at night, or on 
the weekends, which reduced the amount of possible donors 
due to a compromised preoperative treatment.  

The importance of the human factor also has to be 
considered. In contrast to other facilities, bone bank nurses 
were not employed during the ten-year period and the 
required assignments were adopted by the doctors and nurses 
of the department [15] (Fig. 1). This possibly may have 
affected the number of donors being included into the 
donation process.   

The intention of the installation of a bone bank adjacent to 
the hospital was to include as many donors as possible into 
the donation process to have a sufficient amount of bone 
grafts in stock, and to reduce the amount of purchased grafts 
from a professional bone bank. Analysing the data, more 
than two-thirds of all possible donors could not be included 
in a graft donation due to various reasons. Comparing the 
data published recently, between 56% [26] and 62,5% [27] of 
the possible donation were deferred. The published cohort 
did not include urgent operations resulting from femoral 
neck fractures but consisted only from patients who were 
scheduled electively with coxarthritis. In addition the 
comparison of the published results is complicated due to 
differences of the criterions for exclusion.  

It is the first time that data from a traumatologic 
department is analysed. The data demonstrates that in this 
population three possible donors are necessary to include one 
bone donor. This is especially based on multiple co-
morbidities and the maturity of the patients.  

Even in orthopaedic departments with highly elective 
treatments bone donations are declined [28, 29]. 

Therefore, and with respect to data in the literature, the 
deferral rate in our retrospective study is less than expected; 
especially with regard to the high number of FNF that were 
submitted during on-call hours with limited manpower.  

These numbers also may be due to the less critical 
requirements for a bone donation of the Marburg procedure 
in comparison to other methods[15] [27].  

5. Conclusion 

As a conclusion, it can be summarized that a lot of effort 
involving manpower has to be made to include a sufficient 
amount of donors. Urgently hospitalised patients with 
fractures of the femoral neck appear to be unsuitable for a 
bone donation due to many criterions for exclusion. Since a 
lot of bone grafts are yet necessary to fill osseous defects, 
traumatology and orthopaedic departments still have a vital 
concern to recruit large numbers of donations to cover their 
own demands. In departments with a disadvantageous 
donor/recipient ratio, additional bone from professional 
providers has to be purchased. The demographic changes in 
developed countries with an increasing number of revisions 
of arthroplasties will eventually require new concepts for 
bone banking. 

We certify that there is no conflict of interest with any 
financial organization regarding the material discussed in the 
manuscript. 
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Table 1. Criteria for an exclusion of a bone donation 

Donor related reasons Qualitiy related reasons Other reasons 

Medication Avascular necrosis of the femoral head Missing documents 
Systemic autoimmune disease, Infection Previous surgery of the hip joint Emergency surgery 
History of malignancy Size Untrained personal 
Dementia/M.Parkinson/CJD/ Other mental illness   
Travel-/Social-/Behavioural history   

 

Figure 1. Process of an elective bone donation in the hospital.  

 

Figure 2.Overall age distribution of the bone donors in years. 

 

Figure 3. Age distribution of the bone donor groups in years. 
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Figure 4. Percentage of  the bone donation and bone donor deferral overall. 

 

Figure 5. Total number of deferrals in relation to the deferral reason. 

 

Figure 6. Number of deferrals in relation to the reason and groups. 
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