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INTRODUCTION
The number of spine surgical procedures has been increasing dramatically over the last decade[1]. This trend
has made this population a prominent group among hospitalized patients, especially since they are accompanied
by relatively high medical acuity. Depending on surgical
approach, perioperative complications may occur in over
20% of patients, with those requiring thoracic approaches suffering the highest morbidity[2]. Amongst complications, those affecting the pulmonary system are of special
concern as they have been linked to high rates of mortality[2]. Indeed, almost half (43.7%) of patients dying after
lumbar spine fusion do so with a diagnosis of pulmonary
compromise. Adult respiratory distress syndrome (ARDS)
occurs in up to 3% of patients and will increase the risk
of in-hospital death by more then 6-fold[2]. This is especially of concern as pulmonary complications have been
on the rise amongst an increasingly comorbidity ridden
spine surgical population[1]. Further, studies suggest that a
large number of spine surgical patients show evidence of
lung injury, albeit often subclinical[3,4].
A better understanding of the associated pathophysiology could allow for improvements in outcome. While the
mechanisms leading to the development of pulmonary
complications are likely multifactorial, they do include
direct mechanical trauma due to parenchymal contusion,
embolization of marrow material into the lung, ventilator associated lung injury and the entity of transfusion

Abstract
Spine surgery is one of the fastest growing branches of
orthopedic surgery. Patients often present with a relatively high acuity and, depending on surgical approach,
morbidity and mortality can be comparatively high.
Among the most prevalent and most frequently fatalitybound perioperative complications are those affecting
the pulmonary system; evidence of clinical or subclinical lung injury triggered by spine surgical procedures
is emerging. Increasing burden of comorbidity among
the patient population further increases the likelihood
of adverse outcome. This review is intended to give
an overview over some of the most important causes
of pulmonary complications after spine surgery, their
pathophysiology and possible ways to reduce harm
associated with those conditions. We discuss factors
surrounding surgical trauma, timing of surgery, bone
marrow and debris embolization, transfusion associated
lung injury, and ventilator associated lung injury.
© 2012 Baishideng. All rights reserved.

Key words: Spine surgery; Complications; Pulmonary;
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related lung injury[3-8]. In this article, we will review potential mechanisms contributing to lung injury and point to
possible ways to reduce it.

to suffer in-hospital death after having developed ARDS
[odds ratio (OR) 5.85], pulmonary embolism (OR 8.17)
or other lung-associated conditions (OR 1.45)[2]. These
ORs represent the relative adjusted risk for in-hospital
mortality in patients who suffered from the complication,
compared to those who did not (1 = reference).

EPIDEMIOLOGY
The most important indications for spine surgery include
degenerative disc disease and associated pain and disability, followed by stenosis, scoliosis and spondylolisthesis.
Other indications include trauma and neoplastic disease.
In the time period between 1988 and 2001, the number
of spine fusions in the United States increased from some
24 000 to more than 120 000 procedures per year[9,10]; degenerative disc disease as a primary diagnosis was present
in almost two thirds of cases (65.3%) by 2001[11]. Taking a closer look at the available data, the rate of surgery
increased by approximately 100% during the 1980s and
more than 220% during the 1990s. After 1996, when intervertebral fusion cages received approval by the food
and drug administration, an exponential increase in case
burden was seen. In 2001, depending on age group, as
many as 60 to 90 per 100 000 patients underwent cervical,
thoracic or lumbar spine fusion[11]. The most dramatic rise
was evident in the group of patients aged 60 or older in
all procedures except cervical spinal fusion, which peaked
in the group aged 40 to 59 years[9]. Rates of spinal fusion
surgery have been maintaining their steady increase during
the first decade of the 21st century, surpassing 110 per
100 000 patients in 2003, while at the same time exhibiting
considerable regional variability[12]. In contrast, the volume
of discectomy and laminectomy procedures stagnated,
but the fraction of outpatient procedures among these
increased[13]. Given the increasing age of patients and preferred treatment patterns for degenerative disease[14], the
upwards trend of spinal fusion procedures incidence is
likely to perpetuate in the next years[1].
The aforementioned developments, which essentially
represent a shift towards a rising number of procedures
with increased invasiveness being performed among an
older, comorbidity ridden population, necessitate a close
analysis of outcomes and associated risk factors. Procedure-related immediate complications occur in up to 20%
and in-hospital mortality rates of 0.2%-0.5% have been
recorded[1]. These numbers are contingent upon a number of independent risk factors, including male gender,
advanced age, surgical approach (anterior vs posterior vs
anterior/posterior approach, the latter being associated
with the highest odds for morbidity and mortality), and
preexisting comorbidities[15]. Most significantly associated
with a higher mortality are known diagnoses of congestive heart failure, liver disease, coagulopathy, neurologic
disorders, renal disease, electrolyte imbalances and pulmonary circulatory disease. Aside from device-related
adverse events, respiratory complications rank among
the most common and most serious procedure-related
complications after spine surgery. They occur in up to
3.82% of subjects, especially after anterior and anterior/
posterior surgical approaches and are associated with
high mortality. Patients are fundamentally more prone

WJO|www.wjgnet.com

MECHANICAL TRAUMA
Intuitively, surgical extent and invasiveness are closely
correlated with the risk for adverse events. It has been
shown that more extensive procedures, especially those
necessitating invasion of the thoracic cavity, are burdened
with higher rates and risk of complications[2]. Indeed, approximately 3% of patients will develop ARDS after anterior/posterior spine surgery compared to approximately
1% after a posterior or 1.6% after an anterior approach
only[2].
Possible explanations include contusion and direct
mechanical trauma due to the invasion of the thoracic
cavity and displacement of the lung to gain access to the
spine. However, it remains unknown if simple displacement of the lung offers any advantage to lung isolation
and collapse during surgery as both may be burdened
with disadvantages. In the first case, direct mechanical
trauma may lead to tissue damage and its sequelae, while
in the latter the phenomenon of re-expansion pulmonary
edema may become a source of concern[16]. In addition,
the effect on the contralateral lung has to be kept in mind
in the context of pathologic events summarized under
the term “down lung syndrome”[17].

EMBOLIZATION OF MARROW AND BONE
DEBRIS
Similarly to events described during joint arthroplasty
procedures, evidence is emerging that the intravasation
of marrow and bone debris during the instrumentation
process may contribute to perioperative lung injury[18].
Here, the embolization of material into the pulmonary
vasculature has been associated both with parenchymal
damage and increases in pulmonary vascular resistance in
a dose dependent manner[19,20]. In the spine surgical setting, Urban et al[6] was able to demonstrate an adverse pulmonary effect of perioperative events in the form of an
increase in pulmonary vascular resistance in 15% (8/55)
of patients, usually during or after posterior instrumentation. In a follow-up study, Urban et al[5] analyzed
bronchoalveolar specimens and linked the presence of
lipid-laden macrophages to possible embolization of fat
and debris entering the bloodstream during the surgical
procedure. This mechanism of lung injury is supported
by echocardiographic studies, in which 80% of spine
surgery patients experienced moderate to severe embolic
events during instrumentation of the spine[7]. Markers of
lung catabolism showed a significant increase in the postoperative period compared to baseline[4].
While the load of embolic material may be a determi-
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nant of the extent of lung injury, the patient’s ability to
compensate for the pathophysiologic changes is almost
certainly a major factor in the ability of patients to compensate for the insult. In this context, we previously reported a dramatically increased risk for mortality in those
patients with pre-existing pulmonary hypertension [OR
8.37 (95%CI 5.95-11.78)][2].
It has been speculated that an increase in pulmonary
vascular resistance may lead to increased right ventricular
and atrial pressures and thus decreased venous return.
This in turn may promote arrhythmias, secondary to right
heart dilatation and the formation of venous thrombosis
and embolic events[21].

most cases, while a beneficial influence of steroid administration is not proven. Diuresis is not recommended[26].
Unlike in ARDS caused by other pathologies, patients
usually recover quickly after TRALI, most within 96 h
of the transfusion, and mortality is relatively low, ranging
between 5% and 10%[24].
Massive transfusion has been defined as administration of more than 10 units of packed red blood cells in a
24 h period[27]. One of the most important problems arising with this entity is the alteration of intravascular blood
homeostasis, resulting in coagulopathy, electrolyte imbalance, acidosis and hypothermia, which can all be difficult
to counteract and give rise to a number of associated
conditions on their part. Particularly imbalances of coagulation as well as pre-existing coagulopathy have been
associated with a high predictive risk for mortality after
spine fusion [OR 5.46 (95%CI 4.34-6.86)][2]. Further, as
the risk for development of complications is proportionate to the number of units transfused, a cautious transfusion regimen can be advantageous wherever possible[28].
In terms of survival and improved surgical outcome, a
liberal transfusion regimen has recently not proven beneficial even in high risk patients after hip surgery, another
form of orthopedic surgery where high blood loss is frequently an issue[29].

TRALI AND MASSIVE RESUSCITATION
Significant blood loss is an important issue in major spine
surgery and frequently necessitates replacement of blood
products. Although the risk of infectious disease transmission through transfusion has declined substantially,
other complications must be kept in mind. These complications include immediate and delayed hemolysis, febrile
and allergic reactions, systemic inflammatory response
syndrome, disruptions of coagulation, electrolyte and
acid-base household as well as other immune-system
mediated conditions like graft-vs-host disease and, most
significantly, transfusion-associated acute lung injury
(TRALI). TRALI has emerged as the leading cause for
transfusion-associated mortality[22]; it is defined as new
acute lung injury occurring during or within 6 h after a
transfusion. All available blood products have been reported to cause TRALI; those with high plasma content
seem to be involved more frequently. While initial reports
stated a per component incidence between as high as
1:432 for whole blood platelets and 1:557 000 for red
blood cells[22], recent efforts to screen for and exclude
high risk cases both on the sides of donor and recipient
seemed to succeed in reducing the incidence of TRALI.
A reduction in TRALI incidence rate for plasma transfusion from 1:4000 in 2006 to 1:12 000 in 2009 has been
reported[23]. Clinical and diagnostic features of TRALI
include dyspnea, hypoxia, fever, tachycardia, bilateral pulmonary edema without evidence of congestive heart failure or volume overload and bilateral fluffy infiltrates on
chest radiograph[24]. In contrast to the non-immunologic
transfusion-associated circulatory overload-an important and very similarly presenting differential diagnosisTRALI is probably caused by antibodies adhering to neutrophils in the recipients’ pulmonary epithelium. These
activated neutrophils release oxidases and other reactive
substances provoking damage to the capillary membrane
and, subsequently, capillary leak and pulmonary edema[25].
For about 15% of cases in which no antibodies could
be found, other sources of capillary damage have been
suggested, including involvement of lymphocytes and
monocytes, cytokines, lipid priming molecules and endotoxins. Treatment of TRALI is primarily supportive; ventilatory support and supplemental oxygen is required in
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VENTILATOR ASSOCIATED LUNG
INJURY
Mechanical ventilation is necessary during the perioperative period in order to provide sufficient respiration and
oxygenation to the anesthetized patient. Historically, tidal
volumes as high as 15 mL/kg ideal body weight (IBW)
have been utilized, generating mechanical stress on the
lung parenchyma. These high tidal volumes were believed
to ensure bronchiolar patency and avoid atelectasis[30].
Only recently studies suggested that the usage of tidal
volumes in a physiologic range (6 mL/kg IBW) could
prevent pulmonary adverse outcomes including acute lung
injury and ARDS[31]. In principle, mechanical ventilation is
thought to generate physical damage through overdistension (volutrauma) and excessive transpulmonary pressure
(barotrauma) as well as pulmonary inflammatory response
and disruption of structural element metabolism[32]. During intrathoracic procedures this adds up to surgically induced trauma and the extent of pulmonary injury is likely
contingent upon the accumulated total tissue interference.
A number of recent studies suggest that a protective
ventilation strategy can contribute to beneficial outcome
of spine surgery[8]. Efforts to quantify the trauma by measuring markers of inflammation and elastin catabolism,
including plasma cytokines, myeloperoxidase and elastin
in bronchoalveolar lavage fluid and desmosin in the urine,
showed conflicting results. However, a substantial rise in
inflammatory markers after surgery could be noted irrespective of which ventilation approach (i.e., low or traditional tidal volumes) was chosen[33].
One-lung ventilation (OLV), achieved using bronchial
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blockers or double-lumen endobronchial tubes, improves
intrathoracic visualization for the surgeon while reducing the risk of trauma inflicted through mechanical
interference with the lung. Although the cardiac output
shunt fraction increases drastically as soon as one lung is
excluded from ventilation and gas exchange, satisfactory
oxygen saturation levels above 90% can be maintained in
up to 80%-90% of cases even with low to medium sized
tidal volumes[34]. Other complications of OLV include
tracheal or bronchial injury during placement of the
double lumen tube, re-expansion pulmonary edema[16]
and adverse effect on the contralateral lung through ventilation-, surgery- or position-associated additive stress[17].

However, it is not clear if the benefits outweigh the side
effects of these methods, including re-expansion pulmonary edema and down lung syndrome. Ventilation with a
lower tidal volume than traditionally used and high positive endexspiratory pressure has proven effective in intensive care patients, especially those suffering from acute
ARDS[37]. For a relatively short duration of mechanical
ventilation in patients with healthy lungs, which is usually
the case during surgery, the significance of this approach
is not yet proven.
Certainly, protective ventilation seems to be of equal
importance in one lung ventilation. Low tidal volumes (4-6
mL/kg IBW) have shown to reduce the risk of lung injury after thoracotomy[38] as well as permissive hypercapnia,
which is thought to improve oxygenation by increasing
hypoxic pulmonary vasoconstriction and, consequently,
reducing shunt volume[39].

TIMING OF SURGERY
It has been well established that more extensive surgery
harbors increased risk of pulmonary complications, with
combined anterior and posterior procedures being associated with highest risk. To date it remains controversial if
performing both portions of surgery in one or in separate
sessions can modify this risk. Studying this question poses
extensive limitations as sufficient sample sizes are difficult
to achieve in order to provide sufficient statistical power.
In a study utilizing nationally representative data from
113 991 cases, we found increased rates of pulmonary
complications in those undergoing staged procedures
performed during the same hospitalization (5.0% vs 3.3%,
P < 0.0001). While controlling for surgical indication, patient demographics including comorbidity burden, many
clinical factors could not be accounted for in this analysis, thus limiting the interpretation of data. Although we
cannot exclude that staged cases may have been more
invasive, the findings suggest that the performance of a
second surgery during the time of increased perioperative
systemic inflammation may contribute to higher rates of
complications. This is a finding also observed in staged
bilateral total knee arthroplasties, which share similar pathophysiologic set ups[35].

Decreasing blood loss
There are several approaches to decrease bleeding and reduce the requirement for blood component substitution.
Pharmacological agents to address this matter include
the antifibrinolytics tranexamic acid and epsilon-aminocaproic acid, which have proven effective in reducing
blood loss during spinal surgery with no substantial side
effects[40]. Further, studies evaluating the use of recombinant factor Ⅶa show promising initial results, although
there are concerns about its safety in terms of thrombotic complications[41].
The utilization of neuraxial blocks has also demonstrated favorable reductions in intra- and postoperative
bleeding[42]; this effect might originate in hypotension
caused by the block which can be undesirable in major
spine surgery, as well as the possible impairment of postoperative neurological assessment. However, intrathecal
opioids, which may reduce the sympathetic response to
pain, may have fewer disadvantages; a number of studies
have shown their safety and efficacy in pediatric spinal fusion surgery[43-45].
Above all, achievement of hemostasis in a timely manner is probably one of the most important factors contributing to improved outcome. Among other interventions, this can be facilitated by local skin infiltration with
epinephrine, usage of topical hemostatic agents, favoring
minimally invasive techniques, and ensuring normal body
temperature[46].
Blood centers began to implement protocols to reduce
the incidence of TRALI. Multiparous females and subjects with a history of receiving blood transfusions are
considered the highest risk donors, because their likelihood of having developed anti-human-leukocyte antibodies is particularly high. In some countries including the
United States, plasma is now primarily being produced
from male blood donors. Another approach is the usage
of pooled solvent detergent plasma, which has reportedly
never been implicated in a case of TRALI. For platelets,
this strategy is not yet feasible. Due to the limited availability of apheresis donors, exclusion of all female donors

POTENTIAL INTERVENTIONS TO
DECREASE LUNG INJURIES
A myriad of factors that individually, but also cumulatively contribute to the development of pulmonary complications after spine surgery has been described. Therefore,
a multimodal approach is required to effectively counteract these factors and thereby improve outcomes.
Avoiding ventilation associated lung injury
The combined insult of surgical manipulation and mechanical ventilation to the lung parenchyma can be mitigated by trying to minimize the adverse impact of both.
Thoracoscopic and microsurgical approaches can reduce
the trauma associated with thoracotomy[36]. One-lung
ventilation reduces the potential harm through mechanical interaction with lung tissue while at the same time optimizing visualization and shortening intervention time.
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would result in a substantial supply shortage[24].

7

Preventing pulmonary embolism
The thromboembolism risk of spine surgery patients
not receiving chemical prophylaxis has been reviewed
elsewhere[47], and was found to be approximately 5.3%
in deformity cases, and 2.3% in those operated on for
degenerative disc disease. The risk of thromboembolism
in elective spine surgery is generally believed to be very
low in otherwise healthy patients. Although rarely with
complications (such as postoperative bleeding, symptomatic epidural hematoma or potential neurological deficits),
considering the potential adverse events associated to
anticoagulation, chemical prophylaxis is not routinely
recommended in addition to mechanical prophylaxis in
elective spinal surgery[47,48]. Evidence-based guidelines for
antithrombotic therapies in spine surgery have been established by the North American Spine Society (NASS)[48]
and are available via the NASS website[49].

8

9
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13

CONCLUSION

14

Spine pathologies impart a large socioeconomic impact
on our health care system. Given an increasingly ageing population with comorbid conditions, the number
of spine surgery procedures must be expected to rise.
Pulmonary compromise is seen in almost half of patients who die following spine surgery. Thus, pulmonary
complications and associated risk factors deserve special
consideration in preoperative planning and patient selection. Strategies to proactively improve patient outcome
include careful preoperative identification of patients
with pulmonary and/or systemic comorbidity, stratification of patients by risk and, subsequently, selection of
appropriate surgical and anesthesiologic management. A
multimodal approach is required to effectively counteract
factors that contribute to the development of pulmonary
complications after spine surgery.

15

16
17
18
19

20

REFEREMCES
1

2

3
4
5
6

21

Pumberger M, Chiu YL, Ma Y, Girardi FP, Mazumdar M,
Memtsoudis SG. National in-hospital morbidity and mortality trends after lumbar fusion surgery between 1998 and
2008. J Bone Joint Surg Br 2012; 94: 359-364
Memtsoudis SG, Vougioukas VI, Ma Y, Gaber-Baylis LK,
Girardi FP. Perioperative morbidity and mortality after anterior, posterior, and anterior/posterior spine fusion surgery.
Spine (Phila Pa 1976) 2011; 36: 1867-1877
Jules-Elysee K, Urban MK, Urquhart BL, Susman MH,
Brown AC, Kelsey WT. Pulmonary complications in anterior-posterior thoracic lumbar fusions. Spine J 2004; 4: 312-316
Memtsoudis SG, Starcher B, Ma Y, Buschiazzo V, Urban
MK, Girardi FP. The utility of urine desmosine as a marker
of lung injury in spine surgery. HSS J 2010; 6: 160-163
Urban MK, Jules-Elysee KM, Beckman JB, Sivjee K, King T,
Kelsey W, Boachie-Adjei O. Pulmonary injury in patients
undergoing complex spine surgery. Spine J 2005; 5: 269-276
Urban MK, Urquhart B, Boachie-Adjei O. Evidence of lung
injury during reconstructive surgery for adult spinal deformities with pulmonary artery pressure monitoring. Spine
(Phila Pa 1976) 2001; 26: 387-390

WJO|www.wjgnet.com

22

23

24
25
26

160

Takahashi S, Kitagawa H, Ishii T. Intraoperative pulmonary
embolism during spinal instrumentation surgery. A prospective study using transoesophageal echocardiography. J Bone
Joint Surg Br 2003; 85: 90-94
Memtsoudis SG, Bombardieri AM, Ma Y, Girardi FP. The
effect of low versus high tidal volume ventilation on inflammatory markers in healthy individuals undergoing posterior
spine fusion in the prone position: a randomized controlled
trial. J Clin Anesth 2012; 24: 263-269
Deyo RA, Gray DT, Kreuter W, Mirza S, Martin BI. United
States trends in lumbar fusion surgery for degenerative conditions. Spine (Phila Pa 1976) 2005; 30: 1441-1445; discussion
1441-1445
Davis H. Increasing rates of cervical and lumbar spine surgery in the United States, 1979-1990. Spine (Phila Pa 1976)
1994; 19: 1117-1123; discussion 1117-1123
Cowan JA, Dimick JB, Wainess R, Upchurch GR, Chandler
WF, La Marca F. Changes in the utilization of spinal fusion in
the United States. Neurosurgery 2006; 59: 15-20; discussion 15-20
Weinstein JN, Lurie JD, Olson PR, Bronner KK, Fisher ES.
United States‘ trends and regional variations in lumbar spine
surgery: 1992-2003. Spine (Phila Pa 1976) 2006; 31: 2707-2714
Gray DT, Deyo RA, Kreuter W, Mirza SK, Heagerty PJ,
Comstock BA, Chan L. Population-based trends in volumes
and rates of ambulatory lumbar spine surgery. Spine (Phila
Pa 1976) 2006; 31: 1957-1963; discussion 1964
Chen E, Tong KB, Laouri M. Surgical treatment patterns
among Medicare beneficiaries newly diagnosed with lumbar
spinal stenosis. Spine J 2010; 10: 588-594
Deyo RA, Cherkin DC, Loeser JD, Bigos SJ, Ciol MA. Morbidity and mortality in association with operations on the
lumbar spine. The influence of age, diagnosis, and procedure. J Bone Joint Surg Am 1992; 74: 536-543
Sohara Y. Reexpansion pulmonary edema. Ann Thorac Cardiovasc Surg 2008; 14: 205-209
Baraka A, Moghrabi R, Yazigi A. Unilateral pulmonary oedema/atelectasis in the lateral decubitus position. Anaesthesia 1987; 42: 171-174
Koessler MJ, Pitto RP. Fat and bone marrow embolism in
total hip arthroplasty. Acta Orthop Belg 2001; 67: 97-109
Memtsoudis SG, Salvati EA, Go G, Ma Y, Sharrock NE. Perioperative pulmonary circulatory changes during bilateral
total hip arthroplasty under regional anesthesia. Reg Anesth
Pain Med 2010; 35: 417-421
Memtsoudis SG, Starcher B, González Della Valle A, Ma Y,
Jules-Elysee K, Sculco TP. Urine desmosine as a marker of
lung injury following total knee arthroplasty. A pilot study.
HSS J 2009; 5: 154-158
Memtsoudis SG, Ma Y, Chiu YL, Walz JM, Voswinckel R,
Mazumdar M. Perioperative mortality in patients with pulmonary hypertension undergoing major joint replacement.
Anesth Analg 2010; 111: 1110-1116
Goldman M, Webert KE, Arnold DM, Freedman J, Hannon
J, Blajchman MA. Proceedings of a consensus conference: towards an understanding of TRALI. Transfus Med Rev 2005; 19:
2-31
Toy P, Gajic O, Bacchetti P, Looney MR, Gropper MA, Hubmayr R, Lowell CA, Norris PJ, Murphy EL, Weiskopf RB,
Wilson G, Koenigsberg M, Lee D, Schuller R, Wu P, Grimes B,
Gandhi MJ, Winters JL, Mair D, Hirschler N, Sanchez Rosen
R, Matthay MA. Transfusion-related acute lung injury: incidence and risk factors. Blood 2012; 119: 1757-1767
Triulzi DJ. Transfusion-related acute lung injury: current
concepts for the clinician. Anesth Analg 2009; 108: 770-776
Popovsky MA, Moore SB. Diagnostic and pathogenetic considerations in transfusion-related acute lung injury. Transfusion 1985; 25: 573-577
Gajic O, Gropper MA, Hubmayr RD. Pulmonary edema
after transfusion: how to differentiate transfusion-associated
circulatory overload from transfusion-related acute lung in-

October 18, 2012|Volume 3|Issue 10|

Stundner O et al . Pulmonary complications after spine surgery

27
28
29

30

31

32
33

34
35

36
37

jury. Crit Care Med 2006; 34: S109-S113
Malone DL, Hess JR, Fingerhut A. Massive transfusion practices around the globe and a suggestion for a common massive transfusion protocol. J Trauma 2006; 60: S91-S96
Ferraris VA, Davenport DL, Saha SP, Austin PC, Zwischenberger JB. Surgical outcomes and transfusion of minimal amounts
of blood in the operating room. Arch Surg 2012; 147: 49-55
Carson JL, Terrin ML, Noveck H, Sanders DW, Chaitman
BR, Rhoads GG, Nemo G, Dragert K, Beaupre L, Hildebrand
K, Macaulay W, Lewis C, Cook DR, Dobbin G, Zakriya KJ,
Apple FS, Horney RA, Magaziner J. Liberal or restrictive
transfusion in high-risk patients after hip surgery. N Engl J
Med 2011; 365: 2453-2462
Bendixen HH, Hedley-Whyte J, Laver MB. Impaired oxygenation in surgical patients during general anesthesia with
controlled ventilation. A concept of atelectasis. N Engl J Med
1963; 269: 991-996
Determann RM, Royakkers A, Wolthuis EK, Vlaar AP, Choi
G, Paulus F, Hofstra JJ, de Graaff MJ, Korevaar JC, Schultz
MJ. Ventilation with lower tidal volumes as compared with
conventional tidal volumes for patients without acute lung
injury: a preventive randomized controlled trial. Crit Care
2010; 14: R1
Dreyfuss D, Saumon G. Ventilator-induced lung injury: lessons from experimental studies. Am J Respir Crit Care Med
1998; 157: 294-323
Wolthuis EK, Choi G, Dessing MC, Bresser P, Lutter R,
Dzoljic M, van der Poll T, Vroom MB, Hollmann M, Schultz
MJ. Mechanical ventilation with lower tidal volumes and
positive end-expiratory pressure prevents pulmonary inflammation in patients without preexisting lung injury. Anesthesiology 2008; 108: 46-54
Brodsky JB, Lemmens HJ. Left double-lumen tubes: clinical experience with 1,170 patients. J Cardiothorac Vasc Anesth
2003; 17: 289-298
Memtsoudis SG, Ma Y, González Della Valle A, Mazumdar
M, Gaber-Baylis LK, MacKenzie CR, Sculco TP. Perioperative outcomes after unilateral and bilateral total knee arthroplasty. Anesthesiology 2009; 111: 1206-1216
King AG, Mills TE, Loe WA, Chutkan NB, Revels TS. Videoassisted thoracoscopic surgery in the prone position. Spine
(Phila Pa 1976) 2000; 25: 2403-2406
Brower RG, Lanken PN, MacIntyre N, Matthay MA, Morris A, Ancukiewicz M, Schoenfeld D, Thompson BT. Higher
versus lower positive end-expiratory pressures in patients
with the acute respiratory distress syndrome. N Engl J Med

38

39

40
41

42
43
44
45

46

47
48

49

2004; 351: 327-336
Licker M, Diaper J, Villiger Y, Spiliopoulos A, Licker V, Robert J, Tschopp JM. Impact of intraoperative lung-protective
interventions in patients undergoing lung cancer surgery.
Crit Care 2009; 13: R41
Balanos GM, Talbot NP, Dorrington KL, Robbins PA. Human pulmonary vascular response to 4 h of hypercapnia and
hypocapnia measured using Doppler echocardiography. J
Appl Physiol 2003; 94: 1543-1551
Tzortzopoulou A, Cepeda MS, Schumann R, Carr DB. Antifibrinolytic agents for reducing blood loss in scoliosis surgery
in children. Cochrane Database Syst Rev 2008; (3): CD006883
Sachs B, Delacy D, Green J, Graham RS, Ramsay J, Kreisler
N, Kruse P, Khutoryansky N, Hu SS. Recombinant activated
factor VII in spinal surgery: a multicenter, randomized,
double-blind, placebo-controlled, dose-escalation trial. Spine
(Phila Pa 1976) 2007; 32: 2285-2293
Guay J. The effect of neuraxial blocks on surgical blood loss
and blood transfusion requirements: a meta-analysis. J Clin
Anesth 2006; 18: 124-128
Goodarzi M. The advantages of intrathecal opioids for spinal fusion in children. Paediatr Anaesth 1998; 8: 131-134
Gall O, Aubineau JV, Bernière J, Desjeux L, Murat I. Analgesic effect of low-dose intrathecal morphine after spinal fusion in children. Anesthesiology 2001; 94: 447-452
Eschertzhuber S, Hohlrieder M, Keller C, Oswald E, Kuehbacher G, Innerhofer P. Comparison of high- and low-dose
intrathecal morphine for spinal fusion in children. Br J Anaesth 2008; 100: 538-543
Tse EY, Cheung WY, Ng KF, Luk KD. Reducing perioperative blood loss and allogeneic blood transfusion in patients
undergoing major spine surgery. J Bone Joint Surg Am 2011;
93: 1268-1277
Cheng JS, Arnold PM, Anderson PA, Fischer D, Dettori JR.
Anticoagulation risk in spine surgery. Spine (Phila Pa 1976)
2010; 35: S117-S124
Bono CM, Watters WC, Heggeness MH, Resnick DK, Shaffer WO, Baisden J, Ben-Galim P, Easa JE, Fernand R, Lamer
T, Matz PG, Mendel RC, Patel RK, Reitman CA, Toton JF. An
evidence-based clinical guideline for the use of antithrombotic therapies in spine surgery. Spine J 2009; 9: 1046-1051
North American Spine Society. Antithrombotic therapies in
spine surgery. Evidence-based clinical guidelines for multidisciplinary spine-care, 2009, cited 2012-02-21. Available
from: URL: http: //www.spine.org/Documents/Antithrom
botic_Therapies_ClinicalGuidelines.pdf
S- Editor Huang XZ L- Editor Roemmele A E- Editor Lu YJ

WJO|www.wjgnet.com

161

October 18, 2012|Volume 3|Issue 10|

World J Orthop 2012 October 18; 3(10): 162-166
ISSN 2218-5836 (online)
© 2012 Baishideng. All rights reserved.

Online Submissions: http://www.wjgnet.com/esps/
wjo@wjgnet.com
doi:10.5312/wjo.v3.i10.162

BRIEF ARTICLE

Intraprosthetic fixation techniques in the treatment of
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nium prostheses was superior to the unicortical lockedscrew fixation in all tested devices. The intraprosthetic
fixation model required 10 456 N ± 1892 N for failure
and the unicortical locked-screw plating required 7649
N ± 653 N (P < 0.05). There was no significant difference between the second experimental group and the
control group.
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Abstract
AIM: To develop new fixation techniques for the treatment of periprosthetic fractures using intraprosthetic
screw fixation with inserted threaded liners.

Brand S, Klotz J, Hassel T, Petri M, Haasper C, Bach FW, Krettek
C, Goesling T. Intraprosthetic fixation techniques in the treatment of periprosthetic fractures: A biomechanical study. World J
Orthop 2012; 3(10): 162-166 Available from: URL: http://www.
wjgnet.com/2218-5836/full/v3/i10/162.htm DOI: http://dx.doi.
org/10.5312/wjo.v3.i10.162

METHODS: A Vancouver B1 periprosthetic fracture was
simulated in femur prosthesis constructs using sawbones and cemented regular straight hip stems. Fixation
was then performed with either unicortical locked-screw
plating using the less invasive stabilization system-plate
or with intraprosthetic screw fixation using inserted liners. Two experimental groups were formed using either
prostheses made of titanium alloy or prostheses made
of cobalt chrome alloy. Fixation stability was compared
in an axial load-to-failure model. Drilling was performed
using a specially invented prosthesis drill with constantly
applied internal cooling.

INTRODUCTION
The number of implanted hip prosthesis is still increasing all over the world[1]. This increase and the growth in
life expectancy will higher the incidence of periprosthetic
fractures[2,3]. Today, the risk of a periprosthetic fracture is
about 0.3%-2.0% in the first years after implantation[3-7].

RESULTS: The intraprosthetic fixation model with tita-
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Operative treatment is the first choice and non-operative treatment is reserved only for special situations. The
best method of operative treatment is still controversial
and depends on different factors[8]. The Vancouver-classification is very useful in choosing the right treatment of
these fractures. No doubt, fractures with unstable stems
(B2)[9-12] should be treated by revision arthroplasty[13-15].
Fractures with a stable stem can be treated by osteosynthesis. However, the best way of stabilization is still controversial. Plate fixation[16-21], cerclages[22-24], and even external fixation[25,26] are described in the literature. Several
studies have emphasized the advantage of locking screws.
But the screw anchorage in the proximal fragment might
be limited due to a mismatch between a big stem and thin
cortical shell.
The strongest part in the proximal part is the prosthesis itself. Thus, the idea of an intraprosthetic screw fixation arises to enhance stability in the proximal part. The
presented biomechanical study compares the stability of
intraprosthetic screw fixation using glued liners inserted
in either hip prostheses made of titanium alloy or cobalt
chrome prostheses and locked plating in a simulated fracture model (Vancouver B1). We hypothesized significant
higher fixation strength to axial loading in the intraprosthetic fixation groups.

Figure 1 X-ray shots of unicortical and intraprosthetic screw anchorage.
The figure shows the different fixation techniques evaluated in this study. Commonly used unicortical screw fixation with only a short anchoring distance and
experimental intraprosthetic fixation with superior primary fixation stability.

The femurs were osteotomized 15 mm below the tip
of the stem to create a Vancouver type C periprosthetic
fracture. The screw fixation in the proximal part of the
femur was our point of interest. The distal femur was
abandoned and not involved in the study. We chose a
commercial titanium locking plate (9-hole Less Invasive Stabilization System, Synthes, West Chester, United
States) for the fixation. This locking plate is recommended for periprosthetic fractures of the femur and
was tested in different studies[17,28,29]. Specially designed
periprosthetic screws (ø 4 and 5 mm Periprosthetic Locking Screws, Synthes, PA, United States) are available to
increase the number of threads within the unicortical
fixation.
The company provided us with screw blanks, which
had the threaded locking head but a non-manufactured
shaft. We customised threads that fitted to the threads of
the liners within the prosthesis.
In the control group the locking plate was fixed with
three unicortical locking screws implanted at the level of
the prosthesis made from titanium alloy and one solid
bicortical locking screw below the tip of the cemented
stem (Figure 1).
In the experimental group with implanted titanium
prostheses the locking plate was fixed with the same
bicortical screw configuration beneath the tip of the
prosthesis. At the level of the prosthesis only two intraprosthetic screws were implanted instead of the three unicortical screws (Figure 1). After drilling two holes at the
level of the prosthesis (insertion depth 10 mm), the liners
were inserted using fibrin glue. The internal thread was
made for the reception of 4 mm locking screws. Due to
the insertion of the screw the liners spread and clamped
the bore channel. In the third group with cobalt chrome
prostheses the fixation technique was similar to the one
described in the first experimental group. The screws were
inserted with the commercial torque wrench.
The distal plate end was fixed in a specially designed
cup with locking screws to provide maximum stability
during testing (Figure 2). An insertion angle of 6 degrees

MATERIALS AND METHODS
Drill-machine
The developing process of the intraprosthetic drillmachine has already been part of another publication[27].
High-performance cutting (HPC)-drills were used in this
study that are strong and stable enough to provide optimal intraprosthetic drilling and connectivity to commonly
used manual drilling machines in trauma surgery. Temperature control to tissue preserving levels during the
drilling process was performed with the use of a custom
made constantly applied internal cooling solution with a
special transportation channel for removing the produced
chips. The used liners were thread cut before inserting
into prosthesis. To achieve optimal screw fitting thread
cutting was performed using a regular thread cutter. They
were then glued into the borehole after drilling the prosthesis using regularly used fibrin glue.
Specimen preparation
A total of twelve synthetic femurs (Sawbone Composite
medium third generation, Pacific Research Labs Vashon
Island, Washington, United States) were used instead
of donor bones because of their availability and their
equal shape and mechanical characteristics. A conventional
straight stem prosthesis (Ecofit, Fa. Implantcast, Buxtehude, Germany) was implanted in each femur using bone
cement for implantation to provide equal primary stability of the stems among all femurs. Titanium stems were
used in eight femurs; prostheses made from chromemolybdenum were implanted in four femurs.
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Figure 2 Illustration of testing
model for axial load. The regular
straight stem prosthesis was implanted into sawbones using bone
cement. A Vancouver B1 fracture was
then simulated and the construct was
mounted on a testing device using a
custom made angular stable fixation.
Constantly increasing axial loading
was then performed.

control group a loss of fixation integrity at the level of
the implanted prosthesis was observed. A total blow out
of all unicortical screws was seen in 3 of 4 tested devices
in this group.
There was no such hardware failure in the first experimental group; increase of axial loading lead to a bowing
in the plate device in these cases rather than to a blow out
of the liner-screw construct at the level of the prostheses.
Differently, in the second experimental group with the cobalt chrome prostheses a loss of integrity at implant level
was observed in two constructs at maximum axial loading.

Discussion

valgus was chosen following the mechanical axis of the
femur of the leg.

This study was performed to compare different fixation techniques for the treatment of Vancouver type B1
periprosthetic fractures of the proximal femur. The most
important finding of our study was that intraprosthetic
screw fixation provided significantly higher failure loads
compared to unicortical locked-screw plating in the titanium alloy fixation group. There were no significant
differences between the control group and the second
experimental group using cobalt chrome stems. Reasons
for the different axial loads between the two experimental
groups are plausibly caused by the differences between
the materials used. Both, drilling the channel and inserting the liner with its clip function do work better in hip
stems made of titanium alloy. Those implants are easier
to process, drilling is easier to control and to perform,
and caused by the lower level of stiffness and rigidity gluing and clipping the liner is more stable.
Intraprosthetic fixation leads to a significant increase
in primary stability without weakening the implantcement-femur-model that could lead to an early weightbearing patient mobilization. Furthermore, we observed
high standard deviations in both experimental groups
compared to the control group. This seems to be caused
by different positioning of the intraprosthetic screw.
Although drilled with the use of fluoroscopy, there were
still different results in screw fitting distance. This could
explain the high standard deviation. Additionally, it shows
the superiority of the intraprosthetic construct with
reaching higher loading forces even with eccentric drilling
and a reduced intraprosthetic screw fitting distance.
Limitations of the presented experimental biomechanical testing are the small number of cases in each
group. Because of the study design and the comparability
between both groups the number of cases seems to be
large enough to produce useful results. The use of identical synthetic composites secures a high level of comparability between both groups. Additionally, compared to
the thinner cortical strength of older osteoporotic bone
the thicker cortical strength with the composite femurs
is likely to be an advantage for the control group. Furthermore, the use of cement favors the control group
by increasing the anchoring screws. With these tests the
focus was only on the proximal fixation as weak point of
locking screw fixation.

Mechanical testing
Tests were performed with the prepared specimens
mounted in a universal testing machine using a custom
made locking screw device for the less invasive stabilization system (LISS)-plate fixation (Zwick Z250, Zwick,
Ulm, Germany) (Figure 2). A standard commercially
available metal head (32 mm) was placed at the top of the
implanted prosthesis. A constantly increasing load was
applied to the metal head in the anatomical axis of the femur with a starting force of 0 nm. The applied force was
continuously measured and recorded. Reversible (elastic) and irreversible (plastic) deformation was expected.
Elastic during the continuously load increase and plastic
at the primary endpoint with either plastic deformity of
the LISS plate or an irreversible loss of integrity of the
whole locking plate fixation with avulsion of the locking
screws.
Statistical analysis
The loads to failure values were evaluated using a student’s
t-test. The following null-hypothesis was set: Equality of
all tested fixation techniques regarding maximum axial
load forces and failure of the locking screws. A value of
P < 0.05 was chosen.

RESULT
The intraprosthetic group with straight stems made of
titanium and inserted threaded liners failed at an average
of 10 456 N ± 1892 N, the group with cobalt chrome
stems and liners failed at an average of 9781 N ± 2323
N. The control group failed at an average of 7649 N ±
653 N. There was a significant difference found between
the control group and the experimental group with liners
and hip stems made of titanium alloy (P < 0.05). There
was no significant difference between the control group
and the other experimental group with the cobalt chrome
stems (P > 0.05).
All drillings were successfully done without any problems in tapping, insertion or locking. No hardware failure
occurred during implantation. In all tested devices in the
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fixation was achieved with the use of thread cut liners that were inserted into
the drilling hole. The liners were then used like dowels.

This new idea of intraprosthetic fixation in the treatment of periprosthetic fractures has not been published
before. Presently, a variety of different operative treatments exist depending on the fracture location and stability of the stem[30]. Comparable extension forces have not
been published before.
Dennis et al[30] presented a biomechanical review of
five different fixation techniques. In axial loading tests
plate constructs with proximal unicortical screws and distal bicortical screws were more stable than constructs with
cables or plates and cables. In axial compression displacement in the most stable groups started at a maximum
compression load of 4977 N. Other authors described
satisfactory results with the use of simple conventional
plating[2,31], angular stable internal fixation[17] or indirect reduction without grafting[19,20].
Especially with thinner, osteoporotic bone stock, intraprosthetic fixation could lead to an increase in primary
stability. This technique might be even more superior in
very osteoporotic femurs with a very small cortical shell.
During testing even eccentric drilled screws in the prosthetic stem achieved significantly higher primary stability
than the control group. A weakening of the implanted
prosthesis actually appears implausible but not impossible. A main problem with intraprosthetic drilling might
be the control of the heat development during drilling
procedure and the transportation of the metal chips.
With the use of custom-made continuously internally
cooled HPC-drills with a special transportation channel,
these problems might have been resolved.
The actual presented study has to been seen as a preliminary load to failure evaluation. Further studies are necessary to prove the mechanical integrity of the prosthesis
and the bony anchorage of the prosthesis as well as the
avoided temperature increase and the evacuation of the
metal debris. Additionally, further testing should also focus on securing the optimal screw position for intraprosthetic anchorage to achieve the highest level of anchorage
strength without weakening the prosthesis. Furthermore,
one of the next steps will be the testing of the dynamic
stability of the intraprosthetic screw fixation technique.
Intraprosthetic screw anchorage in titanium prostheses with special threaded liners enhances the primary
stability in treating periprosthetic fractures by internal
fixation.

Innovations and breakthroughs

New techniques of intraprosthetic screw fixation were described. Compared to
the commonly used unicortical plate fixation the axial loading forces achieved
were significantly higher in the experimental group using hip stems made of
titanium alloy. There was no significant difference between the second experimental group using cobalt chrome prostheses. All drillings were done successfully without problems in drilling, inserting or locking. Although an experimental
biomechanical study, the results could lead to a future change in the treatment
of periprosthetic fractures to a significant increase in primary stability.

Applications

Intraprosthetic screw anchorage in titanium prostheses with special threaded
liners enhances the primary stability in treating periprosthetic fractures by
internal fixation. This could lead to a change in the treatment algorithm of
periprosthetic fractures to allow early weight bearing and reduce the in-hospital
morbidity with older patients.

Terminology

Periprosthetic fracture describes a fracture of an example the proximal femur
after the patient underwent total hip replacement. The treatment is depending on the stability of the implanted hip stem. Intraprosthetic screw anchorage
describes a new technique of screw fixation were the bore hole is drilled into
the prosthesis using a specially developed drill. Plate fixation and cerclages are
different techniques in fracture treatment.

Peer review

The authors present an interesting report of a novel fixation technique for periprosthetic fractures of the femur. With static loading, they show that the new
technique is more stable than conventional plating in the titanium constructs.
Because of its novelty, it might be interesting to readers.
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can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wjgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is
necessary in line-art image. Scale bars should be used rather than
magnification factors, with the length of the bar defined in the
legend rather than on the bar itself. File names should identify
the figure and panel. Avoid layering type directly over shaded or
textured areas. Please use uniform legends for the same subjects.
For example: Figure 1 Pathological changes in atrophic gastritis
after treatment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is
our principle to publish high resolution-figures for the printed and
E-versions.
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Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP <
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted).
If there are other series of P values, cP < 0.05 and dP < 0.01 are
used. A third series of P values can be expressed as eP < 0.05
and fP < 0.01. Other notes in tables or under illustrations should
be expressed as 1F, 2F, 3F; or sometimes as other symbols with a
superscript (Arabic numerals) in the upper left corner. In a multicurve illustration, each curve should be labeled with ●, ○, ■, □, ▲,
△, etc., in a certain sequence.
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