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Abstract

Spine surgery is one of the fastest growing branches of
orthopedic surgery. Patients often present with a rela-
tively high acuity and, depending on surgical approach,
morbidity and mortality can be comparatively high.
Among the most prevalent and most frequently fatality-
bound perioperative complications are those affecting
the pulmonary system; evidence of clinical or subclini-
cal 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.
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INTRODUCTION

The number of spine surgical procedures has been in-
creasing dramatically over the last decade!". This trend
has made this population a prominent group among hos-
pitalized 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 approach-
es suffering the highest morbidity”. Amongst complica-
tions, those affecting the pulmonary system are of special
concern as they have been linked to high rates of mortal-
ity”. 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?. "This is espe-
cially of concern as pulmonary complications have been
on the rise amongst an increasingly comorbidity ridden
spine surgical population!. Further, studies suggest that a
large number of spine surgical patients show evidence of
lung injury, albeit often subclinical™.

A better understanding of the associated pathophysiol-
ogy 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, ventila-
tor associated lung injury and the entity of transfusion
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related lung injury[}s]. In this article, we will review poten-
tial mechanisms contributing to lung injury and point to
possible ways to reduce it.

EPIDEMIOLOGY

The most important indications for spine surgery include
degenerative disc disease and associated pain and disabil-
ity, 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™'"; de-
generative disc disease as a primary diagnosis was present
in almost two thirds of cases (65.3%) by 2001"", Tak-
ing 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 in-
tervertebral 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"". 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 yearsm. 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 Variabi]ityllz]. In contrast, the volume
of discectomy and laminectomy procedures stagnated,
but the fraction of outpatient procedures among these
increased™. Given the increasing age of patients and pre-
ferred treatment patterns for degenerative disease!!) the
upwards trend of spinal fusion procedures incidence is
likely to perpetuate in the next yearsm.

The aforementioned developments, which essentially
represent a shift towards a rising number of procedures
with increased invasiveness being performed among an
oldet, comorbidity ridden population, necessitate a close
analysis of outcomes and associated risk factors. Proce-
dure-related immediate complications occur in up to 20%
and in-hospital mortality rates of 0.2%-0.5% have been
recorded". These numbers are contingent upon a num-
ber of independent risk factors, including male gender,
advanced age, surgical approach (anterior »s postetior s
anterior/postetior approach, the latter being associated
with the highest odds for morbidity and mortality), and
preexisting comorbidities"”. Most significantly associated
with a higher mortality are known diagnoses of conges-
tive heart failure, liver disease, coagulopathy, neurologic
disorders, renal disease, electrolyte imbalances and pul-
monary 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 antetior/
posterior surgical approaches and are associated with
high mortality. Patients are fundamentally more prone
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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)". 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).

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”. Indeed, ap-
proximately 3% of patients will develop ARDS after an-
terior/postetior spine sutgery compared to approximately
1% after a posterior or 1.6% after an anterior approach
onlym.

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 displace-
ment 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”. 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™!"”,

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 irljury“s].
Here, the embolization of material into the pulmonary
vasculature has been associated both with parenchymal
damage and increases in pulmonary vascular resistance in

1929 11y the spine surgical set-

a dose dependent manner
ting, Urban ¢z al” was able to demonstrate an adverse pul-
monary 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 instru-
mentation. In a follow-up study, Urban ez al” 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 spinem. Markers of
lung catabolism showed a significant increase in the post-
operative period compared to baseline!.

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 com-
pensate for the insult. In this context, we previously re-
ported a dramatically increased risk for mortality in those
patients with pre-existing pulmonary hypertension [OR
8.37 (95%CI 5.95-11.78)] .

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, secondaty to right
heart dilatation and the formation of venous thrombosis

. 21
and embolic events”'.

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 trans-
mission through transfusion has declined substantially,
other complications must be kept in mind. These compli-
cations include immediate and delayed hemolysis, febrile
and allergic reactions, systemic inflammatory response

syndrome, disruptions of coagulation, electrolyte and
acid-base houschold as well as other immune-system
mediated conditions like graft-ss-host disease and, most
significantly, transfusion-associated acute lung injury
(TRALI). TRALI has emerged as the leading cause for
transfusion-associated rnortality[zzl; it is defined as new
acute lung injury occurring during or within 6 h after a
transfusion. All available blood products have been re-
ported 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™, 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 TRALIL
A reduction in TRALI incidence rate for plasma transfu-
sion from 1:4000 in 2006 to 1:12 000 in 2009 has been
reported[zﬂ. Clinical and diagnostic features of TRALI
include dyspnea, hypoxia, fever, tachycardia, bilateral pul-
monary edema without evidence of congestive heart fail-
ure or volume overload and bilateral fluffy infiltrates on
chest radiographm. In contrast to the non-immunologic
transfusion-associated circulatory overload-an impor-
tant and very similarly presenting differential diagnosis-
TRALI is probably caused by antibodies adhering to neu-
trophils 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®™.
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 endo-
toxins. Treatment of TRALI is primarily supportive; ven-
tilatory support and supplemental oxygen is required in
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most cases, while a beneficial influence of steroid admin-
istration is not proven. Diuresis is not recommended ™.
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%"".

Massive transfusion has been defined as administra-
tion of more than 10 units of packed red blood cells in a
24 h periodm. One of the most important problems aris-
ing with this entity is the alteration of intravascular blood
homeostasis, resulting in coagulopathy, electrolyte imbal-
ance, 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 co-
agulation 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)]”. Further, as
the risk for development of complications is proportion-
ate to the number of units transfused, a cautious transfu-
sion regimen can be advantageous wherever possible[zgl.
In terms of survival and improved surgical outcome, a
liberal transfusion regimen has recently not proven ben-
eficial even in high risk patients after hip surgery, another
form of orthopedic surgery where high blood loss is fre-
quently an issue™.

VENTILATOR ASSOCIATED LUNG
INJURY

Mechanical ventilation is necessary during the periopera-
tive period in order to provide sufficient respiration and
oxygenation to the anesthetized patient. Historically, tidal
volumes as high as 15 mI/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®™.
Only recently studies suggested that the usage of tidal
volumes in a physiologic range (6 mIL/kg IBW) could
prevent pulmonary adverse outcomes including acute lung
injury and ARDS"". In principle, mechanical ventilation is
thought to generate physical damage through overdisten-
sion (volutrauma) and excessive transpulmonary pressure
(barotrauma) as well as pulmonary inflammatory response
and disruption of structural element metabolism””., Dur-
ing intrathoracic procedures this adds up to surgically in-
duced 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"”. Efforts to quantify the trauma by mea-
suring 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 irre-
spective of which ventilation approach (i.e., low or tradi-
tional tidal volumes) was chosen™.

One-lung ventilation (OLV), achieved using bronchial
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blockers or double-lumen endobronchial tubes, improves
intrathoracic visualization for the surgeon while reduc-
ing 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"™. Other complications of OLV include
tracheal or bronchial injury during placement of the
double lumen tube, re-expansion pulmonary edema'”
and adverse effect on the contralateral lung through ven-

tilation-, surgery- or position-associated additive stress .

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 associ-
ated with highest risk. To date it remains controversial if
petforming 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% »s 3.3%,
P < 0.0001). While controlling for surgical indication, pa-
tient demographics including comorbidity burden, many
clinical factors could not be accounted for in this analy-
sis, 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 patho-
physiologic set ups®.

POTENTIAL INTERVENTIONS TO
DECREASE LUNG INJURIES

A myriad of factors that individually, but also cumulative-
ly contribute to the development of pulmonary compli-
cations after spine surgery has been described. Therefore,
a multimodal approach is required to effectively counter-
act these factors and thereby improve outcomes.

Avoiding ventilation associated lung injury

The combined insult of surgical manipulation and me-
chanical ventilation to the lung parenchyma can be miti-
gated by trying to minimize the adverse impact of both.
Thoracoscopic and microsurgical approaches can reduce
the trauma associated with thoracotomy™. One-lung
ventilation reduces the potential harm through mechani-
cal interaction with lung tissue while at the same time op-
timizing visualization and shortening intervention time.
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However, it is not clear if the benefits outweigh the side
effects of these methods, including re-expansion pulmo-
nary edema and down lung syndrome. Ventilation with a
lower tidal volume than traditionally used and high posi-
tive endexspiratory pressure has proven effective in in-
tensive care patients, especially those suffering from acute
ARDS". 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
1s 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 inju-
ry after thoracotomy™ as well as permissive hypercapnia,
which is thought to improve oxygenation by increasing
hypoxic pulmonary vasoconstriction and, consequently,

reducing shunt volume™”

Decreasing blood loss

There are several approaches to decrease bleeding and re-
duce the requirement for blood component substitution.
Pharmacological agents to address this matter include
the antifibrinolytics tranexamic acid and epsilon-ami-
nocaproic acid, which have proven effective in reducing
blood loss during spinal surgery with no substantial side
effects™. Further, studies evaluating the use of recom-
binant factor Vlla show promising initial results, although
there are concerns about its safety in terms of throm-
botic complicationsm

The utilization of neuraxial blocks has also demon-
strated favorable reductions in intra- and postoperative
bleedingm]; 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 post-
operative neurological assessment. However, intrathecal
opiloids, 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 fu-
sion surgerym’m.

Above all, achievement of hemostasis in a timely man-
ner is probably one of the most important factors con-
tributing to improved outcome. Among other interven-
tions, this can be facilitated by local skin infiltration with
epinephrine, usage of topical hemostatic agents, favoring
minimally invasive techniques, and ensuring normal body
temperature!

Blood centers began to implement protocols to reduce
the incidence of TRALI Multiparous females and sub-
jects with a history of receiving blood transfusions are
considered the highest risk donors, because their likeli-
hood of having developed anti-human-leukocyte antibod-
ies 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 TRALL For platelets,
this strategy is not yet feasible. Due to the limited avail-
ability of apheresis donors, exclusion of all female donors
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would result in a substantial supply shortage[24].

Preventing pulmonary embolism

The thromboembolism risk of spine surgery patients
not receiving chemical prophylaxis has been reviewed
elsewhere”) 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, symptom-
atic 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
clective spinal surgery™*", Evidence-based guidelines for
antithrombotic therapies in spine surgery have been es-
tablished by the North American Spine Society (NASS)"*
and are available ziz the NASS website!"”.

CONCLUSION

Spine pathologies impart a large socioeconomic impact
on our health care system. Given an increasingly age-
ing population with comorbid conditions, the number
of spine surgery procedures must be expected to rise.
Pulmonary compromise is seen in almost half of pa-
tients who die following spine surgery. Thus, pulmonary
complications and associated risk factors deserve special
consideration in preoperative planning and patient selec-
tion. Strategies to proactively improve patient outcome
include careful preoperative identification of patients
with pulmonary and/or systemic comorbidity, stratifica-
tion 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.
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Abstract

AIM: To develop new fixation techniques for the treat-
ment of periprosthetic fractures using intraprosthetic
screw fixation with inserted threaded liners.

METHODS: A Vancouver B1 periprosthetic fracture was
simulated in femur prosthesis constructs using saw-
bones 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 lin-
ers. 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.

RESULTS: The intraprosthetic fixation model with tita-
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nium prostheses was superior to the unicortical locked-
screw 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 differ-
ence between the second experimental group and the
control group.

CONCLUSION: Intraprosthetic screw anchorage with
special threaded liners enhances the primary stability in
treating periprosthetic fractures by internal fixation.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

The number of implanted hip prosthesis is still increas-
ing all over the world". This increase and the growth in
life expectancy will higher the incidence of periprosthetic
fractures™. Today, the risk of a periprosthetic fracture is
about 0.3%-2.0% in the first years after implantation””.
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Operative treatment is the first choice and non-oper-
ative treatment is reserved only for special situations. The
best method of operative treatment is still controversial
and depends on different factors”. The Vancouver-clas-
sification is very useful in choosing the right treatment of
these fractures. No doubt, fractures with unstable stems
B2)"" should be treated by revision arthroplasty'> ",
Fractures with a stable stem can be treated by osteosyn-
thesis. However, the best way of stabilization is still con-
troversial. Plate fixation""*', cerclages™ ™!
520 are described in the literature. Several

, and even ex-
ternal fixation
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 prosthe-
sis itself. Thus, the idea of an intraprosthetic screw fixa-
tion 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 frac-
ture model (Vancouver B1). We hypothesized significant
higher fixation strength to axial loading in the intrapros-
thetic fixation groups.

MATERIALS AND METHODS

Drill-machine

The developing process of the intraprosthetic drill-
machine has already been part of another publicationm
High-performance cutting (HPC)-drills wete used in this
study that are strong and stable enough to provide opti-
mal intraprosthetic drilling and connectivity to commonly
used manual drilling machines in trauma surgery. Tem-
perature 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 pros-
thesis 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, Buxte-
hude, Germany) was implanted in each femur using bone
cement for implantation to provide equal primary stabil-
ity of the stems among all femurs. Titanium stems were
used in eight femurs; prostheses made from chrome-
molybdenum were implanted in four femurs.
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Figure 1 X-ray shots of unicortical and intraprosthetic screw anchorage.
The figure shows the different fixation techniques evaluated in this study. Com-
monly 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 Inva-
sive Stabilization System, Synthes, West Chester, United
States) for the fixation. This locking plate is recom-
mended for periprosthetic fractures of the femur and
was tested in different studies'”***. Specially designed
periprosthetic screws (@ 4 and 5 mm Periprosthetic Lock-
ing 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 intrap-
rosthetic screws were implanted instead of the three uni-
cortical 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 expetimental 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
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Figure 2 lllustration of testing
model for axial load. The regular
straight stem prosthesis was im-
planted 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.

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

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 stabiliza-
tion 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 fe-
mur with a starting force of 0 nm. The applied force was
continuously measured and recorded. Reversible (elas-
tic) 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 failute values were evaluated using a student’s
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 10456 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 prob-
lems in tapping, insertion or locking, No hardware failure
occurred during implantation. In all tested devices in the
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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 experi-
mental 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 co-
balt chrome prostheses a loss of integrity at implant level
was observed in two constructs at maximum axial loading,

DISCUSSION

This study was performed to compare different fixa-
tion techniques for the treatment of Vancouver type Bl
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 ti-
tanium 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 expetimental
groups are plausibly caused by the differences between
the materials used. Both, drilling the channel and insert-
ing the liner with its clip function do work better in hip
stems made of titanium alloy. Those implants are casier
to process, drilling is easier to control and to perform,
and caused by the lower level of stiffness and rigidity glu-
ing and clipping the liner is more stable.

Intraprosthetic fixation leads to a significant increase
in primary stability without weakening the implant-
cement-femur-model that could lead to an eatly weight-
bearing 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 biome-
chanical 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 identi-

cal synthetic composites secures a high level of compa-
rability 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. Fur-
thermore, 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.
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This new idea of intraprosthetic fixation in the treat-
ment of periprosthetic fractures has not been published
before. Presently, a variety of different operative treat-
ments exist depending on the fracture location and stabil-
ity of the stem"”. Comparable extension forces have not
been published before.

Dennis ¢ @/ presented a biomechanical review of
five different fixation techniques. In axial loading tests
plate constructs with proximal unicortical screws and dis-
tal bicortical screws wetre more stable than constructs with
cables or plates and cables. In axial compression displace-
ment 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™", angular stable internal fixation"” or indirect re-
duction without grafting“g’zoj.

HEspecially with thinner, osteoporotic bone stock, in-
traprosthetic 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 pros-
thetic stem achieved significantly higher primary stability
than the control group. A weakening of the implanted
prosthesis actually appears implausible but not impos-
sible. 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 pre-
liminary load to failure evaluation. Further studies are nec-
essary 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 fo-
cus on securing the optimal screw position for intrapros-
thetic 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 pros-
theses with special threaded liners enhances the primary
stability in treating petriprosthetic fractures by internal
fixation.

COMMENTS

Background

The number of implanted hip prostheses is still increasing and so is the number
of proximal femur fractures after total hip replacement. Fractures with an un-
stable hip stem are generally treated with revision arthroplasty and the use of a
longer hip stem. For the treatment of fractures with a stable stem various tech-
niques have been described, e.g., unicortical plate fixation, cerclages, struts,
but none of them seems to be superior to the others. To improve the primary
stability different intraprosthetic fixation techniques were tested for axial loading
forces in this presented study.

Research frontiers

Intraprostheitc screw fixation represents a new idea and technique to improve
the primary stability in the treatment of periprosthetic fractures. Intraprosthetic
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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.

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 experi-
mental group using cobalt chrome prostheses. All drillings were done success-
fully 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 depend-
ing 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 peri-
prosthetic 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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GENERAL INFORMATION

World Journal of Orthopedics (World | Orthop, WJO, online ISSN
2218-5836, DOI: 10.5312) is a monthly peer-reviewed, online, open-
access (OA), journal supported by an editorial board consisting of
261 experts in orthopedics from 30 countries.

The biggest advantage of the OA model is that it provides free,
full-text articles in PDF and other formats for experts and the pub-
lic without registration, which eliminates the obstacle that traditional
journals possess and usually delays the speed of the propagation
and communication of scientific research results. The open access
model has been proven to be a true approach that may achieve the
ultimate goal of the journals, i.e. the maximization of the value to
the readers, authors and society.

Maximization of personal benefits

The role of academic journals is to exhibit the scientific levels of
a country, a university, a center, a department, and even a scientist,
and build an important bridge for communication between scientists
and the public. As we all know, the significance of the publication
of scientific articles lies not only in disseminating and communicat-
ing innovative scientific achievements and academic views, as well
as promoting the application of scientific achievements, but also in
formally recognizing the “priority” and “copyright” of innovative
achievements published, as well as evaluating research performance
and academic levels. So, to realize these desired attributes of WJO
and create a well-recognized journal, the following four types of
personal benefits should be maximized. The maximization of per-
sonal benefits refers to the pursuit of the maximum personal ben-
efits in a well-considered optimal manner without violation of the
laws, ethical rules and the benefits of others. (1) Maximization of
the benefits of editorial board members: The primary task of edito-
rial board members is to give a peer review of an unpublished sci-
entific article via online office system to evaluate its innovativeness,
scientific and practical values and determine whether it should be
published or not. During peer review, editorial board members can
also obtain cutting-edge information in that field at first hand. As
leaders in their field, they have priority to be invited to write articles
and publish commentary articles. We will put peer reviewers’ names
and affiliations along with the article they reviewed in the journal to
acknowledge their contribution; (2) Maximization of the benefits
of authors: Since I/JO is an OA journal, readers around the world
can immediately download and read, free of charge, high-quality,
peer-reviewed articles from WJO official website, thereby realizing
the goals and significance of the communication between authors
and peers as well as public reading; (3) Maximization of the benefits
of readers: Readers can read or use, free of charge, high-quality
peer-reviewed articles without any limits, and cite the arguments,
viewpoints, concepts, theories, methods, results, conclusion or facts
and data of pertinent literature so as to validate the innovativeness,
scientific and practical values of their own research achievements,
thus ensuring that their articles have novel arguments or viewpoints,
solid evidence and correct conclusion; and (4) Maximization of the
benefits of employees: It is an iron law that a first-class journal is
unable to exist without first-class editors, and only first-class editors
can create a first-class academic journal. We insist on strengthening
our team cultivation and construction so that every employee, in an
open, fair and transparent environment, could contribute their wis-
dom to edit and publish high-quality articles, thereby realizing the
maximization of the personal benefits of editorial board members,
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INSTRUCTIONS TO AUTHORS

authors and readers, and yielding the greatest social and economic
benefits.

Aims and scope

The aim of WJO is to report rapidly new theories, methods and
techniques for prevention, diagnosis, treatment, rehabilitation and
nursing in the field of orthopedics. WJO covers diagnostic imaging,
arthroscopy, evidence-based medicine, epidemiology, nursing, sports
medicine, therapy of bone and spinal diseases, bone trauma, osteoar-
thropathy, bone tumors and osteoporosis, minimally invasive therapy,
traditional medicine, and integrated Chinese and Western medicine.
The journal also publishes original articles and reviews that report
the results of applied and basic research in fields related to orthope-
dics, such as immunology, physiopathology, cell biology, pharmacol-
ogy, medical genetics, and pharmacology of Chinese herbs.

Columns

The columns in the issues of WJO will include: (1) Editorial: To
introduce and comment on major advances and developments in
the field; (2) Frontier: To review representative achievements, com-
ment on the state of current research, and propose directions for
future research; (3) Topic Highlight: This column consists of three
formats, including (A) 10 invited review articles on a hot topic, (B)
a commentary on common issues of this hot topic, and (C) a com-
mentary on the 10 individual articles; (4) Observation: To update
the development of old and new questions, highlight unsolved
problems, and provide strategies on how to solve the questions;
(5) Guidelines for Basic Research: To provide Guidelines for basic
research; (6) Guidelines for Clinical Practice: To provide guidelines
for clinical diagnosis and treatment; (7) Review: To review systemi-
cally progress and unresolved problems in the field, comment on
the state of current research, and make suggestions for future work;
(8) Original Articles: To report innovative and original findings in
orthopedics; (9) Brief Articles: To briefly report the novel and inno-
vative findings in orthopedics; (10) Case Report: To report a rate ot
typical case; (11) Letters to the Editor: To discuss and make reply to
the contributions published in WJO, or to introduce and comment
on a controversial issue of general interest; (12) Book Reviews: To
introduce and comment on quality monographs of orthopedics; and
(13) Guidelines: To introduce consensuses and guidelines reached
by international and national academic authotities wotldwide on the
research orthopedics.
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Bao-Gan Peng, MD, PhD, Professor, Department of Spinal
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are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wignet.com/1007-9327/13/4891.pdf; http://www.
wijgnet.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: s Eo L B Gr et Tt s
our principle to publish high resolution-figures for the printed and
E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, ¢#., and mentioned
clearly in the main text. Provide a brief title for each table.
Detailed legends should not be included under tables, but rather
added into the text where applicable. The information should
complement, but not duplicate the text. Use one hotizontal line
under the title, a second under column heads, and a third below
the Table, above any footnotes. Vertical and italic lines should be
omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted. ‘P <
0.05, "P < 0.01 should be noted (P > 0.05 should not be noted).
If there are other series of P values, ‘P < 0.05 and ‘P < 0.01 are
used. A third series of P values can be expressed as P < 0.05
and ‘P < 0.01. Other notes in tables or under illustrations should
be expressed as 'F, °F, °F; or sometimes as other symbols with a
superscript (Arabic numerals) in the upper left corner. In a multi-
curve illustration, each curve should be labeled with ®, o, m, 0, A,
A\, etz in a certain sequence.
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