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Abstract: Disturbed or delayed healing remains one of 
the most serious fracture-related complications, despite 
bone capacity for internal regeneration and reabsorption. 
Considerable progress in the understanding and treat-
ment of fractures has been noted. The aim of our study 
was to evaluate treatment outcome in patients (smokers 
and non-smokers) with post-traumatic pseudoarthrosis. 

Hypothesis: Determinate when administration of growth 
factors is most beneficial, and whether it accelerates bone 
union. 

Material and methods: The study included patients 
treated for post-traumatic pseudoarthrosis resulting from 
multiple bone fractures. The study group and controls 
were further subdivided into: non-smokers, non-smokers 
>2 years after quitting, and smokers. Independent tests 
were performed for men and women. The study group, 
apart from other methods of treatment, received con-
centrated PRP (platelet-rich plasma) to aid the process of 
bone healing, or in cases of delayed healing confirmed by 
radiological assessment on follow-up visits. 

Results: Mean time of fracture healing was 8 weeks for 
non-smokers and non-smokers >2 years after quitting, 

whereas in smokers the healing process was significantly 
prolonged (18 weeks in both, men and women). 

Conclusions: The risk for infection is smaller in non-smok-
ers as compared to smokers, with the latter being at an 
elevated risk for bone inflammation and delayed union.

Keywords: Bone pseudoarthrosis; Bone defect; Platelet 
rich plasma

Level of evidence: III

1  Introduction
Despite medical advances treating pseudoarthrosis and 
disturbances of bone union, they remain one of the great-
est challenges of modern orthopedics [1]. Restoration of 
proper blood flow by anatomical positioning of the frac-
tures and application of pressure to minimize the fracture 
gap, well as the fastest possible mobilization, are the con-
ditioning factors for fracture healing. Regardless, even 
adequate surgical technique and application of the best 
methods of osteosynthesis do not always result in proper 
fracture repair [2]. Thus, the search for new methods to 
accelerate the process of osteosynthesis continues [3].

Disturbed healing constitutes one of the most serious 
complications from fractures, despite bone capacity of 
internal regeneration and repair, progress and develop-
ments in their treatment, as well as understanding of the 
fracture process itself. Treatment methods which might 
aid the process of healing include, among others, the use 
of PRP (platelet-rich plasma). Healing may be accelerated 
by administering PRP that contains growth factors to the 
non-healing fracture area, thus improving bone and soft 
tissues, and boosting their regenerative potential [4]. 
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That method is often used due to the ease of preparation 
and acceptable price. PRP requires only a blood sample 
instead of more invasive procedures of bone marrow 
transplant. Blood platelets produce numerous growth 
factors and PRP is an autologous source of the platelets 
[4]. However, reports on the efficiency of using PRP often 
present conflicting results [5-8]. Adequate surgical tech-
nique, complete stabilization of the bone fracture, as well 
as patient lifestyle, determine proper bone healing.

Despite known threats related to smoking and con-
tinuous warnings, its prevalence is estimated at 1 billion 
people worldwide. Nowadays, it is known that certain 
diseases are directly related to tobacco use, e.g. lung dis-
eases, ischemic heart disease, or increased tendency to 
bone fracture [9,10]. Most physicians are of the opinion 
that smoking significantly influences the process of 
wound healing, including bone union, even though that 
exact mechanism remains to be fully elucidated. Ciga-
rette smoke disturbs bone metabolism, whereas its com-
ponents increase bone resorption [11], and disturb osteo-
blast function [12]. The literature reports that smoking has 
a detrimental effect on fracture healing [13-15]. In light of 
the above, the question whether quitting smoking brings 
positive consequences remains unanswered, but most 
authors report long- and short-term benefits of smoking 
cessation [16, 17]. At present, the body of evidence indi-
cating that patients with lower extremity fractures should 
stop smoking immediately. This is because it significantly 
improves bone healing and has a very low correlation 
with complications. The affected individuals should stop 
smoking at least 4 weeks before the procedure and con-
tinue throughout the entire rehabilitation process. These 
measures significantly reduce the costs of treatment due 
to shortened hospitalization, as well as a smaller number 
or reoperations in patients with pseudoarthrosis. Cost 
analysis revealed that the length and cost of hospitaliza-
tion may be two-times lower if PRP has been administered. 

The aim of our study was to evaluate the treatment 
outcome in patients with pseudoarthrosis and to deter-
mine when administration of growth factors is most bene-
ficial, and whether it accelerates bone union. 

2  Material
The study was conducted at the Department of Ortho-
pedics, Traumatology and Oncology of the Locomotor 
System, Pomeranian Medical University in Szczecin, 
between 2007-2014. The study has been adhered to the 

tenets of the Declaration of Helsinki. Ethics Committee 
ruled that approval was not required for this study.

A total of 200 patients, divided into two equal groups, 
constituted the study group and controls. All subjects 
were treated due to post-traumatic pseudoarthrosis of the 
tibia as a result of multiple bone fracture. The study and 
the control groups were further divided into three sub-
groups: non-smokers (28 – study group, 48 – controls), 
non-smokers >2 years after quitting (16 – study group, 
12 – controls), and smokers (56 – study group, 40 – con-
trols). Also, gender-based division was introduced.

The control group was treated surgically and the 
choice of the method was based on the type of pseu-
doarthrosis. Stabilization with reamed intramedullary 
(IM) nails, unreamed IM nails, or stable LCP plate fix-
ation was used (35, 10, and 55 patients). Unreamed IM 
nails were used for pseudoarthrosis cases with enhance 
periosteal reaction, whereas drilling was used if little 
reparative periosteal reaction was observed. Resection of 
the pseudoarthrosis and fixation with plate was used in 
patients after failed primary repair with IM nails. Bone 
marrow graft, harvested from the iliac crest, was used 
in patients with stable LCP plate fixation. Apart from 
the above mentioned methods, PRP was additionally 
used in the study group to aid bone healing or in cases 
of unsatisfactory bone healing confirmed on radiological 
follow-up. The time after which the patient received PRP 
was up to 3 months after pseudoarthrosis diagnosis. 

All subjects were deemed eligible for surgery at the 
SPSK1 Orthopedic Out-Patient Clinic in Szczecin. The 
commonly accepted criteria of pseudoarthrosis, i.e. 
lack of progression of fracture healing for 3 consecutive 
months, and nonunion confirmed on clinical and radi-
ological follow-up at 6 months since the primary treat-
ment, were applied. 

The diagnosis was based on confirmed pathological 
mobility of the bone fractures on clinical and radiolog-
ical check-up. Typically, classic PA and lateral X-ray is 
sufficient, but in some cases MRI or bone scintigraphy 
were necessary. 

All patients reported for check-up every 6 weeks. 
X-rays were performed on day 1 or 2, at 6 weeks, and at 3 
and 6 months postoperatively. Fracture healing was eval-
uated on the basis of clinical evaluation, patient com-
plaints, and assessment of the following: skin temper-
ature, local swelling, pathological mobility of the bone 
fractures, as well as radiological tests. 

Additionally, mean time to fracture healing with 
(study group) and without (controls) PRP administration, 
as well as incidence of unsuccessfully treated fractures 
(complete nonunion) after 36 months, infection at post-
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operative wound site, and osteomyelitis were evaluated. 
Postoperative follow-up ranged from 6 months to 7 years.

2.1  PRP preparation (APC-60)

The APC-60 pack (Harvest) was used for patients who 
received PRP. Blood had been drawn preoperatively before 
any drugs were administered. Next, 6 ml of anticoagulant 
were drawn into 60 ml syringe and 54 ml of patient blood 
were added. The syringe was gently rotated and inverted 
a few times to mix the anticoagulant with the blood. Next, 
the blood with anticoagulant was injected through the 
red port into a special container, which was then placed 
in the centrifuge with counterbalance marked as APC-60 
and centrifuged for 15 min. After completion, the vial was 
gently removed to avoid shaking and tilting. Next, excess 
of platelet-poor plasma was removed through the white 
port using a syringe with a needle and a spacer. Using a 
second syringe, without the spacer, the concentrate was 
drawn and injected a few times into the container chamber 
to accurately mix concentrate fraction and finally the 
entire content of the chamber was drawn into syringes 
and transferred to the sterile field to administer intraop-
eratively. The PRP concentrate was used at the very end of 
the surgical procedure, directly before suturing subcuta-
neous tissue and fascia. The wound was injected with the 
remaining platelet- poor plasma. 

3  Results

3.1  Control group

The control group included patients after fracture who did 
not receive PRP. Mean time of healing for all non-smok-
ers and non-smokers >2 years after quitting was 8 weeks 
(Table 1). 

All these patients were deemed ‘completely cured’ 
until week 36. Postoperative wound infection was found 
in only 1 female patient from that group.

As far as smoking controls were concerned, mean 
time of wound healing after fracture was 10 weeks in both, 
men and women. What is more, 5 men and 3 women were 
deemed ‘incompletely cured’ until week 36 of the obser-
vation. Also, postoperative wound infection was found in 
5 smokers (2 men and 3 women), and osteomyelitis was 
observed in 3 men. 

3.2  Study group

The study group included fracture patients with healing 
disturbances, treated with PRP. Mean time of healing for 
non-smokers was longer: 12 weeks for men and 10 weeks 
for women (Table 1). Incomplete union until weeks 36 of 
treatment was found in 2 men and 3 women who never 
smoked and 1 person from group of non-smokers >2 years 
after quitting. In that group of patients, postoperative 
wound infection was found in 1 man and 1 woman, and 
osteomyelitis was observed in 1 patient.

Significantly prolonged mean healing time was 
observed among smokers: 18 weeks in both, men and 
women. Incomplete healing was diagnosed in as many 
as 12 (34%) men and 8 (38%) women until postoperative 
week 36. In the group of smokers, postoperative wound 
infection was found in 1 man and 3 women, whereas 
osteomyelitis was observed in 16 patients (11 men and 5 
women).

4  Discussion
Initial clinical applications of platelet concentrates that 
contain growth factors was limited to oral and maxillo-
facial surgery. The effectiveness of platelet concentrates 
in bone regeneration has been proven in dental implants 
[18], thus they have found their way into orthopedic 
surgery [19]. 

Improved bone union and beneficial effects on bone 
regeneration after administration of platelet concentrates 
that contain growth factors are the reasons why research-
ers look for other areas to apply platelet concentrates than 
just oral and maxillofacial surgery. Franchini et al. [20], 
used platelet concentrates in fractures, pseudoarthrosis, 
bone reconstruction, hip joint replacement surgeries, as 
well as in fibrous dysplasia and bone inflammation. Bibbo 
et al. [21], achieved good results in high-risk patients 
undergoing arthrodesis of the ankle joint, thus signaling 
the possibility of applying platelet concentrates in new 
fields.

The attempt to improve integration of the  anterior 
cruciate ligament replacements in bone tunnels for knee 
joint replacement surgery is yet another use of platelet 
concentrates. Preliminary clinical reports seem to indi-
cate improved transformation and integration of the graft. 
In a study by Ventura et al. [22], CT data demonstrated a 
faster transformation of the graft, from autologous into a 
ligament structure, in PRP patients and controls. Regard-
less, the clinical and subjective data were the same in both 
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groups. However, these authors observed a synovitic reac-
tion in 1 of the 10 patients from the group which received 
platelet concentrate.

On the other hand, Sanchez et al. [23], emphasize 
lower incidence of inflammatory reaction after recon-
struction if platelet concentrates were used. The question 
whether it was caused by different leukocyte concen-
tration in their platelet concentrates containing growth 
factors remains to be elucidated.

Yamada et al. [24], evaluated the effectiveness of treat-
ing bone defects with the use of PRP combined with mes-
enchymal stem cells (MSCs). In animals, these authors 
observed newly formed bones at the site of bone defect 
after 2 weeks, and proper structure of both, the cortical 
layer and the trabecular bone after 8 weeks. In our study, 
we noted similar results in non-smoking controls. The 
results of Yamada et al. [24], were more significant than 
if only platelet concentrate containing growth factors 
was used, or if the defect was left unfilled. Interestingly, 
their results were also better than if the defect was filled 
with autologous bone marrow transplants, as in that case 
resorption foci at the site of the transplant were observed 
after 8 weeks, whereas such effect was not reported after 
using PRP.

Lucarelli et al. [5], investigated the effect of PRP 
on proliferation of stromal stem cells in humans and 
observed cell growth on days 3, 6 and 9 of the experiment. 
On day 6, they noted slightly increased proliferation of the 
stromal cells after using 1% PRP but treatment with 10% 
PRP induced marked cell proliferation (over 2-fold). They 
concluded that these results suggest a possibility of treat-
ing large bone defects with the use of stromal stem cells 
mixed with PRP. 

Similar findings were published by Romin et al. [6], 
who investigated in vitro proliferation of bone marrow 
cells mixed with PRP, cultured on ceramic materials with 
osteoconductive properties. In the PRP group, prolifer-
ation of bone marrow cells was enhanced (by 31%), and 
the alkaline phosphatase activity also increased (by 31%) 
after 15 days culture.

Compromised integrity of bone tissue triggers a 
number of natural processes of regeneration, thus ensur-
ing speedy reconstruction of its integrity and function. 
However, in some cases the process may be disrupted, 
resulting in the formation of pseudoarthrosis and creating 
a need for surgical re-intervention.

Current state of knowledge on bone tissue regen-
eration allows to accelerate and modify the process by 
using transplants with PRP containing growth factors. 
Blood platelets represent a reservoir of growth factors in 
a human body, playing various important functions in 

the process of coagulation [25-27], immune response, and 
healing of injured tissues [28, 29]. 

Bone regeneration is initiated when PDGR, TGF-β1 
and IGF are released from the granules of platelets in the 
transplant. PDGF stimulates mitosis of the bone marrow 
stem cells and os-teoblasts from the transplant, resulting 
in their increase by several orders of magnitude. Moreo-
ver, PDGF initiates angiogenesis and vascular integration 
into the graft by increasing the mitosis of endothelial 
cells. TGF-β1 stimulates fibroblast and pre-osteoblast pro-
liferation, thus increasing their number and promoting 
their differentiation to mature osteoblasts. TGF-β1 influ-
ences osteoblasts which lead to the formation of osteoid. 
Fibroblasts, stimulated by TGF-β1, synthesize extracellu-
lar matrix and support integration of small vessels. First 
blood vessels may be observed already on day 3 after 
regeneration was initiated, whereas completion of cap-
illary penetration occurs on days 14–17 [30]. Insulin-like 
growth factor (IGF) affects osteoblasts inside the bone, 
which reinforce trabeculae osseae within the trabecular 
bone graft. The initial intensification of cell activity is 
the direct result of PDGR, TGF-β1 and IGF action, and to a 
lesser extent other growth factors [30]. 

Reports on PRP application in orthopedics remain 
limited. Lowery et al. [31], used PRP and autologous 
growth factor concentrate (AGF) in lumbar spinal fusion 
and achieved very good results. These authors observed 
no radiological or clinical features of pseudoarthrosis in 
any of their patients and achieved bone union. Kitoh et 
al. [32], used PRP and marrow-derived mesenchymal stem 
cells (MSCs) in distraction osteogenesis in 3 patients and 
noted accelerated bone regeneration between days 34 and 
47. It forced them to increase the distraction rate to 1.5 mm/
day. Accelerated bone regeneration was observed already 
after first administration of PRP and MSCs. These authors 
admit that, in light of the fact that two osteoinductive 
materials were combined, it is difficult to draw unambigu-
ous conclusion about PRP effect on bone formation. 

Since the literature offers only a limited number of 
reports on clinical application of PRP in treating disturbed 
bone union, and in light of highly promising results of 
bone regen-eration in the field of oral and maxillofacial 
surgery, researchers are forced to continue with their 
efforts to discover and establish recommendations on gel 
application in clinical practice [33].

Percutaneous PRP injection into the nonunion gap 
has been performed. In some patients, minimally inva-
sive technique is often enough to achieve union. However, 
no effect of percutaneous PRP injection on the healing 
process was noted in approximately 50% of patients from 
the entire group with pseudoarthrosis. However, union 
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was obtained in all patients with nonunion when PRP was 
combined with autologous bone graft [33].

In patients with fractures, smoking constitutes a 
serious risk factor for prolonged union time, as well as for 
the development of additional complications. The exact 
mechanism of how smoking handicaps fracture healing 
remains unclear. The underlying mechanisms include the 
hypothesis about decreased blood flow caused by narrow 
vessels and impaired angiogenesis [34,35], oxygen defi-
ciency, high level of reactive oxygen species, the effect of 
nicotine on endothelial receptors, or decreased collagen 
synthesis [36]. The effect is probably multifactorial, but it 
is not certain whether it is nicotine or other components 
of tobacco smoke that are responsible for the adverse 
changes.

The literature offers some reports that smokers are 
at a higher risk for nonunion [14,16,37]. Adams et al. [38], 
compared complication rates in 140 smokers and 133 
non-smokers with open tibial fracture. Both groups were 
comparable in terms of demographics and primary treat-
ment. Bone transplant was necessary in 26% of smokers 
as compared to 18% of non-smokers. Kyro et al. [39], inves-
tigated 135 patients with non-surgically treated tibial frac-
tures. They determined that mean time to bone union was 
significantly longer in smokers as compared to non-smok-
ers (166 vs. 134 days).

Although it remains unclear whether modification of 
smoking habits [40] influences fractures, it seems prudent 
to recommend cessation of smoking in smokers, at least 
during the time of bone healing. 

Also, it cannot be excluded that adverse effects 
of smoking on bone healing are dose-dependent. We 
assumed, similarly to other researchers [14,16,37], that 
smokers may be defined as individuals who admitted to 
smoking at least 10 cigarettes a day. 

Homogeneous sample is a definite strength of our 
study. Only patients with isolated unilateral fractures, 
with no serious soft tissue injury, were included. The 
same procedures of trauma management were used for 
all patients, regardless of their social background and 
gender.

A study by Moghaddam et al. [16], revealed that 
current and previous smokers are at an elevated risk for 
delayed union or nonunion of the body of tibia as com-
pared to non-smokers. 

Detrimental effect of smoking on fracture healing 
has been reported in the literature [14,38,39,41]. A pro-
spective, multi-center study by Castillo et al. [14], docu-
mented an increased incidence of postoperative compli-
cations in smokers and ex-smokers. Taking into account 
the changes, prolonged time to complete healing was 

observed in smokers and ex-smokers (by 37% and 32%, 
respectively) as compared to non-smokers. 

Noteworthy, although ex-smokers are at higher risk 
for delayed union and accompanying complications, the 
risk is still smaller than in current smokers. Thus, it seems 
vital for doctors to encourage smoking cessation in their 
patients. 

Smoking is one of the main factors that have a detri-
mental effect on the skeletal and muscular system. It has 
a negative impact on bone mineral density, degenerative 
changes of the intervertebral disc, incidence of femoral 
column fractures, and the dynamics of wound healing. 
That is why Sloan et al. [12], demonstrate that smokers are 
at a disadvantage at the very beginning of the therapy, and 
that treatment time will be significantly prolonged in their 
case. These authors encourage patients to stop smoking 
before surgical treatment. Castillo et al. [14], observed 
that smoking increases the risk for all complications, with 
infection and osteomyelitis as the two main threats. Also, 
prognosis for complete fracture healing is significantly 
worse in case of smokers. The risk for infection is smaller 
for ex-smokers as compared to smokers, but the risk for 
bone inflammation and delayed union remains greater 
than in non-smokers.

5  Conclusions
The risk for infection is smaller in non-smokers as com-
pared to smokers, with the latter being at an elevated risk 
for bone inflammation and delayed union. 

Conflict of interest: All autors declare that they have 
no conflict of interest. All authors read and approved the 
final manuscript.

References
[1] Longo UG, Trovato U, Loppini M, Rizzello G, Khan WS, Maffulli 

N, Denaro V. Tissue engineered strategies for pseudoar-
throsis. Open Orthop J 2012; 6:564-570

[2] Galasso O, Mariconda M, Romano G, Capuano N, Romano L, 
Ianno B, Milano C. Expandable intramedullary nailing and 
platelet rich plasma to treat long bone non-unions. J Orthop 
Traumatol 2008; 9(3):129-134

[3] Pneumaticos SG, Panteli M, Triantafyllopoulos GK, 
Papakostidis C, Giannoudis PV. Management and outcome 
of diaphyseal aseptic non-unions of the lower limb: a 
systematic review. Surgeon 2014; 12(3):166-175

[4] Memeo A, Verdoni F, De Bartolomeo O, Albisetti W, Pedretti L. 
A new way to treat forearm post-traumatic non-union in young 



 Platelet rich plasma in smokers' pseudoarthrosis   431

patients with intramedullary nailing and platelet-rich plasma. 
Injury 2014; 45:418-423

[5] Lucarelli E, Beccheroni A, Donati D, Sangiorgi L. Platelet-
derived growth factors enhance proliferation of human 
stromal stem cells. Biomaterials 2003; 24:3095-3100

[6] Romin M, Delecrin J, Heymanin D, Deschamps C, Passuti N. 
Usefulness of combining platelets with bone marrow cells on 
ceramic bone substitutes. J. Bone Joint Surg 2004; 86:47-48

[7] Weibrich G, Hansen T, Kleis W, Buch R, Hitzler WE. Effect of 
platelet-rich plasma on peri-implant bone regenerations. 
Bone 2004; 34:665-671

[8] Weibrich G, Kleis W, Hafner G, Hitzler W. Growth factor levels 
in platelet-rich plasma and correlations with donor age, 
sex, and platelet count. J. Cranio Maxillofac. Surg  2002; 
30:97-102

[9] Wald NJ, Hackshaw A. Cigarette smoking: an epidemiological 
overview. Br Med Bull 1996; 52:3-11

[10] Ezzati M, Henley SJ, Thun MJ, Lopez AD. Role of smoking in 
global and regional cardiovascular mortality. Circulation 
2005; 112(4):489-497

[11] Kwiatkowski TC, Hanley EN Jr, Ramp WK. Cigarette smoking 
and its orthopedic consequences. Am J Orthop (Belle Mead 
NJ) 1996; 25:590-597

[12] Sloan A, Hussain I, Maqsood M, Eremin O, El-Sheemy M. 
The effects of smoking on fracture healing. Surgeon 2010; 
8:111-116

[13] Zheng LW, Ma L, Cheung LK. Changes in blood perfusion 
and bone healing induced by nicotine during distraction 
osteogenesis. Bone 2008; 43:355-361

[14] Castillo RC, Bosse MJ, MacKenzie EJ, Patterson BM. Impact 
of smoking on fracture healing and risk of complications in 
limb-threatening open tibia fractures. J Orthop Trauma 2005; 
19:151-157

[15] Chen F, Osterman AL, Mahony K. Smoking and bony union 
after ulna shortening osteotomy. Am J Orthop 2005; 
30:486-489

[16] Moghaddam A, Zimmermann G, Hammer K, Bruckner T, 
Grützner PA, von Recum J. Cigarette smoking influences the 
clinical and occupational outcome of patients with tibial shaft 
fractures. Injury 2011; 42:1435-1442

[17] Scolaro JA, Schenker ML, Yannascoli S, Baldwin K, Mehta S, 
Ahn J. Cigarette smoking increases complications following 
fracture: a systematic review. J Bone Joint Surg Am 2014; 
96:674-681

[18] Anitua E. Plasma rich in growth factors: preliminary results of 
use in the preparation of future sites for implants. Int J Oral 
Maxillofac Implants 1999; 14:529-535

[19] Alsousou J, Thompson M, Hulley P, Noble A, Willett K. 
The biology of platelet-rich plasma and its application in 
trauma and orthopedic surgery. J Bone Joint Surg (Br) 2009; 
91-B:987-996

[20] Franchini M, Dupplicato P, Ferro I, De Gironcoli M, Aldegheri 
R. Efficacy of platelet gel in reconstructive bone surgery. 
Orthopedics 2005; 28:161-163

[21] Bibbo C, Bono CM, Lin SS. Union rates using autologous 
platelet concentrate alone and with bone graft in high-risk 
foot and ankle surgery patients. J Surg Orthop Adv 2005; 
14:17-22

[22] Ventura A, Terzaghi E, Borgo C, Verdoia C, Gallazzi M, Failoni 
S. Use of growth factors in ACL surgery: preliminary study. J 
Orthopaed Traumatol 2005; 6:76-79

[23] Sanchez M, Azofra J, Aizpurua B, Elorriaga R, Anitua E, 
Andía I. Aplicacion de plasma autologo rico en factores 
de crecimiento en cirugia artroscopica. Cuadernos de 
artroscopia 2003; 10:12-19

[24] Yamada Y, Ueda M, Naiki T, Takahashi M, Hata K, Nagasaka 
T. Autogenous injectable bone for regeneration with 
mesenchymal stem cells and platelet-rich plasma: tissue-en-
gineered bone regeneration. Tissue Engineering 2004; 
10:955-964

[25] Cmolik B.: Redo cardiac surgery. Leed bleeding complications 
from topical thrombin-induced factor five deficiency. J Thorac 
Cardiovasc Surg 1993; 105:222-226

[26] Hiramatsu T, Okamura T, Imai Y, Kurosawa H, Aoki M, 
Shinoka T, Takanashi Y. Effects of autologous platelet 
concentrate. Reinfusion after open heart surgery in patients 
with congenital heart disease. Ann Thorac Surg 2002; 
73:1282-1285

[27] Prior JJ, Wallace DG, Harner A, Powels N. A sprayable 
hemostat containing fibrillar collagen, bovine thrombin and 
autologous plasma. Ann Thorac Surg 1999; 68:479-485

[28] Arm DM, Tencer AF, Bain SD, Celino D. Effect of controlled 
release of platelet derived growth factor from a porous 
hydroxyapatite implant on bone ingrowth. Biomaterials 1996; 
17:703-709

[29] Bhanot S, Alex JC. Current applications of platelet gels in 
facial plastic surgery. Arch. Facial Plast Surg 2002; 18:27-33

[30] Marx RE, Ehler W J, Pelg M. Mandibular and facial 
reconstruction: rehabilitation of the head and neck cancer 
patient. Bone 1996; 19:595-625

[31] Lowery GL, Kulkarni S, Pennisi AE. Use of autologous growth 
factors in lumbar spinal fusion. Bone 1999; 2:47-50

[32] Kitoh H, Kitakoji T, Tsuchiya H, Mitsuyama H, Nakamura H, 
Katoh M, Ishiguro N. Transplantation of marrow-derived 
mesenchymal stem cells and platelet rich plasma during 
osteogenesis – a preliminary result of three cases. Bone 
2004; 35:892-898

[33] Bielecki TM, Gazdzik TS. Percutaneous injection of 
autogenous growth factors in patient with nonunion of the 
humerus. A case report. J Orthopaedics 2006; 3:15

[34] Reus 3rd WF, Colen LB, Straker DJ. Tobacco smoking and 
complications in elective microsurgery. Plast Reconstr Surg 
1992; 89:490-494

[35] Li M, Li Wu Z, Lim Kwong C. Changes in blood supply and 
bone regeneration induced by nicotine during distraction 
osteogenesis. Bone 2008; 42:S60

[36] Krall EA, Dawson-Hughes B. Smoking increases bone loss 
and decreases intestinal calcium absorption. J Bone Miner 
Res 1999; 14:215-220

[37] Harvey EJ, Agel J, Selznick HS, Chapman JR, Henley MB. 
Deleterious effect of smoking on healing of open tibia-shaft 
fractures. Am J Orthop 2002; 31:518-521

[38] Adams CI, Keating JF, Court-Brown CM. Cigarette smoking and 
open tibial fractures. Injury 2001; 32:61-65

[39] Kyro A, Usenius JP, Aarnio M, Kunnamo I, Avikainen V. Are 
smokers a risk group for delayed healing of tibial shaft 
fractures? Ann Chir Gynaecol 1993; 82:54-262

[40] Sorensen LT, Karlsmark T, Gottrup F. Abstinence from smoking 
reduces incisional wound infection: a randomized controlled 
trial. Ann Surg 2003; 238:1-5



432   M Wechmann et al.

[41] 41.  Kelsey JL, Keegan TH, Prill MM, Quesenberry CP Jr, Sidney 
S. Risk factors for fracture of the shafts of the tibia and fibula 
in older individuals. Osteoporos Int 2006; 17:143-149.


