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Risk factors for deep venous thrombosis 

in patients undergoing orthopedic 
surgical procedures 

 
 
 
 

 
Factores de riesgo para trombosis venosa profunda en pacientes sometidos a procedimientos traumatológicos 

 
 
 
 
 
 
 
 

eep venous thrombosis is (DVT) a par- 

ticularly frequent complication of ortho- 

pedic surgery. Therefore, physicians need 

to identify all risk factors related to DVT to take preven- 

tive measures to decrease the overall chance of develop- 

ing this complication. Several risk factors may be present 

in this context, including modifiable and non-modifiable 

risk factors, as well as those related to surgery in general, 

and to orthopedic procedures specifically. Abundant re- 

search has assessed the relative importance of these risk 

factors in the clinical setting, shaping the management of 

patients in practice. This review aims to analyze the vari- 

ous risk factors associated with DVT and their physiopa- 

thology in the particular context of patients submitted to 

orthopedic procedures. 

Keywords: Deep venous thrombosis, orthopedic surgery, 

thrombogenesis, risk factors, prevention. 

a trombosis venosa profunda (TVP) es una 

complicación particularmente frecuente de la 

cirugía ortopédica. Por lo tanto, los médicos 

deben identificar todos los factores de riesgo relaciona- 

dos con la TVP para tomar medidas preventivas a fin de 

disminuir la posibilidad general de desarrollar esta compli- 

cación. Varios factores de riesgo pueden estar presentes 

en este contexto, incluidos los factores de riesgo modi- 

ficables y no modificables, así como los relacionados con 

la cirugía en general y los procedimientos ortopédicos en 

particular. Numerosas investigaciones han evaluado la im- 

portancia relativa de estos factores de riesgo en el entorno 

clínico, de cara al manejo de los pacientes en la práctica. 

Esta revisión tiene como objetivo analizar los diversos fac- 

tores de riesgo asociados a la TVP y su fisiopatología en el 

contexto particular de los pacientes sometidos a procedi- 

mientos ortopédicos. 

Palabras clave: Trombosis venosa profunda, cirugía orto- 

pédica, trombogénesis, factores de riesgo, prevención. 
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urgical procedures fulfill a role in treating a 
broad spectrum of pathologies at all ages, 
from neonates to the elderly. Surgical care 

has acquired many roles in the past decades to the point 
that economists and researchers consider it a fundamental 
component of healthcare and the overall socioeconomic 
development1. It was estimated that over 320 million sur-
gical procedures would be needed to address the burden 
of surgical diseases in 2010. Moreover, rates of surgical 
needs varied across the continents, ranging from 3,000 
procedures per 100,000 individuals in Latin America to 
over 6,000 procedures per 100,000 individuals in Western 
Sub-Saharan Africa. It is worth noting that unintentional 
injuries from accidents or trauma were the most common 
cause of requiring a surgery worldwide2.

Trauma is the leading cause of death and disability in the 
United States; therefore, proper management is required 
to minimize its fatality. Falls and car accidents remain the 
leading cause of traumatic injury, mainly producing head 
and neck injuries, followed by torso and extremities in-
juries3. Considering that 1 of every ten trauma patients 
has a fracture, these cases are common for orthopedic 
surgeons4. Like every surgical procedure, orthopedic pro-
cedures have inherent risks, such as wound infections, 
bleeding and improper union of the bone5. Nonetheless, 
more risks are particularly added to orthopedic procedures 
given that patients tend to be in bed for longer, and the 
immobility required for proper healing, both of which can 
lead to other types of complications, such as deep vein 
thrombosis (DVT)6. 

The prevalence of DVT after orthopedic surgery is as high 
as 7%, among the highest rates when compared to oth-
er medical departments7. Likewise, patients exposed to 
traumatic injuries have a greater risk of developing DVT8. 
Moreover, surgical procedures increase the risk of DVT, es-
pecially orthopedic procedure7. Therefore, physicians need 
to identify all risk factors related to DVT to take preventive 
measures to decrease the overall chance of developing 
this complication9. This review aims to analyze the various 
risk factors associated with DVT and their physiopathol-
ogy in the particular context of patients submitted to or-
thopedic procedures.

Risk factors for deep vein thrombosis in orthopedic 
patients: from the basics to specifics
Thrombus formation is part of the normal hemostasis mech-
anisms, along with coagulation and fibrinolysis. Nonethe-
less, pathologic conditions trigger abnormal pathways, re-
sulting in exaggerated thrombogenesis. Despite the variety 
of conditions related to thrombus formation, the require-
ments for this phenomenon have been narrowed down to 
three variables, known as Virchow’s triad10. This includes 
venous stasis, endothelial dysfunction and hypercoagu-

lability11. Although these three elements tend to appear 
separately in different conditions, specific pathologies may 
include all; significantly increasing the risk for thrombotic 
events such as DVT10. For example, evidence has demon-
strated that traumatic injury is one condition that recruits 
all of the variables of the Virchow’s triad12.

Despite the relative simplicity behind the origin of traumat-
ic injuries, it is worth stating that trauma involves a series 
of complex pathophysiologic events that can potentially 
lead to several complications13. Coagulopathy is a well-
known condition that often appears in trauma patients, 
termed trauma-induced coagulopathy (TIC)14. In the early 
stages of trauma, TIC typically follows a hypocoagulable 
state resulting in bleeding; in later stages, TIC is charac-
terized by a hypercoagulable state resulting in DVT and 
thromboembolism. Several theories have been exposed 
to explain the genesis of TIC, ranging from direct tissue 
damage due to trauma to detailed molecular mechanisms 
involving the immune system, endothelial damage and 
platelet activation15.

As a result, trauma is considered a risk factor for devel-
oping DVT. Several studies have demonstrated that severe 
trauma patients usually show increased procoagulants in 
the systemic circulation. It has been demonstrated that 
trauma patients tend to show an accelerated generation 
of thrombin16. Other studies have demonstrated in models 
of non-stimulated thrombin generation that trauma pa-
tients have spontaneous thrombin synthesis17. Moreover, 
several cell-derived microparticles have been identified in 
the acute phase of trauma, such as platelet, leukocyte and 
endothelial-derived microparticles, all of which actively 
participate as procoagulants18. These factors partially ex-
plain the pathophysiology underlying coagulation disor-
ders in trauma patients and its role in DVT.

However, another vital variable to consider concerning 
trauma is its location. Although abdominal and chest 
trauma have a relation with DVT12, lower limb trauma has 
the strongest correlation with DVT19. Pop et al.20 assessed 
over 170 patients with lower limb fractures who had a 
Doppler ultrasound exam performed. It was reported that 
nearly 30% of all the patients had DVT. Moreover, the 
authors stated that femoral fractures, including proximal, 
distal and diaphysis fractures, had the most significant risk 
for DVT when compared to fractures below the knee. Al-
though other studies show incidence variations between 
6% to 40%, certain factors have to be considered, such 
as geographical and age distribution, among others21. 
Nonetheless, evidence undeniably shows that DVT is a 
frequent complication in lower limb trauma; therefore, it 
is appropriate to classify trauma as an independent risk 
factor for DVT.

On the other hand, some unmodifiable risk factors come 
into play regarding DVT incidence. Firstly, age has been 
known to play a significant role in the incidence of DVT 
for a long time. For that matter, Bizien et al.22 performed 
a prospective study with over 600 patients that had their 
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first episode of DVT. After multivariate analysis, it was con-
cluded that the risk of DVT increased by 3% each year that 
the patients increased in age. Moreover, when segmented 
by quartiles, the odds ratio (OR) showed an upwards trend 
concerning age, with the highest OR being 3.1 (95% CI, 
1.3-7.5) for the group aged 75-99 years. Older studies 
concur with these findings, showing that the incidence 
of DVT rises exponentially with age, from negligible rates 
among children under 15 to over 600 cases per 100,000 
individuals per year at the age of 8023.

Sex is another unmodifiable risk factor that has been cor-
related with DVT. Although oral contraceptives and post-
menopausal hormone replacement have been associated 
with DVT in women, when those factors are taken out of 
the equation, no consistent differences are found in the 
incidence of DVT between men and women23. Likewise, 
Anderson et al.24 found that the incidence of DVT in both 
sexes was identical; however, Silverstein et al.25 noted a 
slight skew towards younger women, as well as a greater 
risk among older men. Additionally, race and ethnicity al-
legedly play an essential role in DVT incidence. White et 
al.26 studied the incidence among different ethnic groups 
in California, showing that DVT incidence was higher 
among Caucasians and African Americans; meanwhile, 
the incidence in Hispanics and Asians was significantly 
lower, suggesting that the latter two had a protective role 
against DVT.

On the other hand, some modifiable risk factors are strong-
ly correlated with DVT. Obesity, defined as a body-mass 
index (BMI) above 30 kg/m2, has been associated with a 
higher incidence of DVT. Some studies suggest that obesity 
leads to a 2 to 3-fold higher risk for DVT in both genders27. 
The latter relationship is not mediated by differences in 
levels of fibrinogen, factor VIII, factor IX and D-dimer, ac-
cording to one study28. It is hypothesized that body weight 
leads to impaired venous return and that some biochemi-
cal hallmarks of obesity, such as increased inflammation 
and endothelial dysfunction, may play a role in thrombo-
genesis29. Also, a history of smoking is mildly correlated 
with the incidence of DVT. A meta-analysis showed that 
the OR for current and former smokers was 1.23 and 1.10, 
respectively. Moreover, the risk tends to increase by 10.2% 
for every additional ten cigarettes per day smoked or by 
6% for every additional ten pack-years30.

Limb fractures are the most common cause of admission 
to the orthopedic department; tibia and femur fractures 
are the most frequent fractures. Proper management of 
fractures requires the usage of casts until surgical interven-
tion, which is needed in as often as 80% of the cases, only 
to use another type of immobilization after the surgery31. 
In light of the above, orthopedic patients, especially those 
with lower limb fractures, tend to have long bedrest peri-
ods with little to no mobilization. Immobility is a well-rec-
ognized risk factor for DVT in surgical patients, and in the 
case of orthopedic patients, it is almost obligatory, given 
that proper bone healing requires immobilization of the 
damaged limb32.

Sartori et al.33 assessed the correlation between DVT and 
immobility by studying a population segmented into two 
groups divided by the presence or absence of immobility. 
The study’s endpoint was the detection of proximal DVT or 
isolated distal DVT. According to the results, the immobility 
group had a 3.59 OR (95% CI: 1.78-7.23) compared to 
the control group; nonetheless, the risk for isolated distal 
DVT was similar between the two groups. Moreover, the 
authors stated that the incidence of DVT during the first 
three days was similar between the two groups; however, 
after four days, the immobility group outperformed the 
control group as the days passed. In conclusion, the au-
thors suggested that immobility for longer than three days 
is an independent risk factor for DVT.

Another aspect to consider regarding orthopedic patients 
is ankle dorsiflexion (AD), which tends to be restricted in 
lower limb fractures due to cast immobilization. The rele-
vance of this relies upon the fact that AD promotes venous 
return because of the contraction of the gastrocnemius 
muscle, which stimulates venous blood flow34. Likewise, it 
was demonstrated that a 30° dorsiflexion movement guid-
ed by inspiration effectively promotes venous return from 
the lower limb, working as a method to prevent DVT35. 
Another study analyzed 124 patients with cast leg immo-
bilization after surgical repair of Achilles tendon rupture. 
After two weeks postoperatively, the incidence of DVT was 
assessed by duplex ultrasound, and it was correlated with 
the presence or absence of AD. Patients with poor AD had 
over 40% incidence of DVT; meanwhile, those with good 
AD had an incidence of 23%. For this reason, poor AD is 
considered a risk factor for DVT in orthopedic patients36.

Lastly, nearly 80% of the patients admitted to the ortho-
pedic department need surgical management. The surgery 
itself is considered a risk factor for DVT9, which seems to 
be especially true in orthopedic cases. The incidence of 
DVT after orthopedic surgery is slightly over 7%, and it 
tends to increase when the surgical time goes above 120 
minutes7. Another study assessed the incidence of DVT in 
a large population that underwent hip replacement arthro-
plasty (HRA), knee replacement arthroplasty (KRA) and hip 
fracture surgery (HFS). The study reported the relative risks 
(RR) for the group over 70 years as follows: 2.8 for HFS, 
1.56 for KRA and 1.24 for HRA. In conclusion, some types 
of surgery confer more significant risk for DVT than oth-
ers; however, almost every lower limb surgery significantly 
increases the risk of DVT37,38.
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DVT is a relevant condition to consider in every hospital-
ized patient, especially in the context of surgical patients. 
Moreover, DVT is particularly relevant in orthopedic pa-
tients, primarily those with lower limb compromise. Given 
the high incidence of DVT in these patients, the physician 
must establish the risk factors of every patient individually 
in order to provide preventive measures if needed. Age, 
sex and ethnicity are some of the unmodifiable risk fac-
tors that are correlated with the incidence of DVT. On the 
other hand, non-modifiable risk factors such as smoking 
and obesity also play a part in DVT incidence. Some risk 
factors are specific for orthopedic patients; for example, 
immobility due to cast strongly correlates with DVT. In ad-
dition, a low range of motion for AD has also been as-
sociated with DVT. Finally, the surgery itself increases the 
risk of DVT in these patients. Therefore, risk assessment 
should be mandatory on admission in order to consider 
DVT prophylaxis. 
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