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Abstract

the musculoskeletal patient on an interregional level.

musculoskeletal conditions.

care, Registries

Background: With greater technological developments in the care of musculoskeletal patients, we are entering an
era of rapid change in our understanding of the pathophysiology of traumatic injury; assessment and treatment of
polytrauma and related disorders; and treatment outcomes. In developed countries, it is very likely that we will
have algorithms for the approach to many musculoskeletal disorders as we strive for the best approach with which
to evaluate treatment success. This debate article is founded on predictions of future health care needs that are
solely based on the subjective inputs and opinions of the world’s leading orthopedic surgeons.

Hence, it functions more as a forum-based rather than a scientific-based presentation. This exposé was designed to
stimulate debate about the emerging patients’ needs in the future predicted by leading orthopedic surgeons that
provide some hint as to the right direction for orthopedic care and outlines the important topics in this area.

Discussion: The authors aim to provide a general overview of orthopedic care in a typical developed country
setting. However, the regional diversity of the United States and every other industrialized nation should be
considered as a cofactor that may vary to some extent from our vision of improved orthopedic and trauma care of

In this forum, we will define the current and future barriers in developed countries related to musculoskeletal
trauma, total joint arthroplasty, patient safety and injuries related to military conflicts, all problems that will only
increase as populations age, become more mobile, and deal with political crisis.

Summary: It is very likely that the future will bring a more biological approach to fracture care with less invasive
surgical procedures, flexible implants, and more rapid rehabilitation methods. This international consortium
challenges the trauma and implants community to develop outcome registries that are managed through health
care offices and to prepare effectively for the many future challenges that lie in store for those who treat
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Background

By 2020, in developed countries considerable modifica-
tion in orthopaedic care is expected to have occurred
due to changes in population demographics and innova-
tion in operative techniques, treatments, and research.
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One of the most drastic changes will be due to the
aging North American population. It is predicted that,
by 2020, 16.3% of the US population and 25% of the
Canadian population will be 65 years of age or older
[1,2]. Fractures have become a leading cause of patient
morbidity and mortality in both industrialized and
developing countries. Fragility fractures represent a sub-
stantial public health problem, with more than 1.5 mil-
lion osteoporotic fragility fractures taking place each
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year in the United States. In addition, by 2020, injuries
caused by traffic accidents will represent the major
cause of fractures. Urbanization and industrialization in
China and India, which contain 40% of the world’s
population, has resulted in a clear increase in trauma-
related injuries [3].

All of these projections indicate an increased inci-
dence and prevalence of age- and traffic-related muscu-
loskeletal disabilities, such as fragility fractures,
osteoarthritis, and trauma-related injuries.

To minimize cost and increase orthopaedic care in the
future, there should be a distinct therapeutic concept
refining risk stratification, characterizing the future mus-
culoskeletal patient, and identifying at-risk patients
(Table 1).

Screening and treatment algorithm of the future
musculoskeletal patient may include the following
sequence of some diagnostic and treatment module
(modified according to Cuomo AV, Lieberman JR,
adapted from Ref #[6]) : at age 40 history, physical
examination, MRI of all joints; genetic and proteonomic
screening with microchip array; central bioinformatics
database calculates up-to-date disease risks; bioengi-
neered tissue matrix including adequate therapy con-
cept, cartilage regeneration, tissue engineering, biologic
knee replacement (meniscus replacement, articular car-
tilage paste grafting); minimally invasive implantation
of tissue matrices; physical therapy, adjusted diet, life-
style modification, work out modifications are pre-
scribed; primary care prophylaxis is initiated for
management of high risk conditions.

A lowered bone mineral density is an accurate indica-
tor of the need to begin osteoporosis treatment.

According to clinical experience, patients with osteo-
penia or osteoporosis that are informed about the
results of their bone mineral density tend take medica-
tions and be more compliant than patients who do not
know their bone mineral density results [4].

Given the potential demographic and aging changes
that await us, the creation of innovative concepts for
treating fractures is strongly needed.

Despite post-traumatic stress, depression, and the
application of antidepressive and antipsychotic medica-
tions having a major impact on patients with fractures,
one of the most neglected features of fracture healing
has been the paramount importance of post-traumatic
stress [5]. The ongoing US military experiences may
shed more light into this important aspect of treating
traumatized patients.

Screening patients for systemic risk factors (including
infection, smoking, diabetes, metabolic syndrome, Factor
XIII deficiency, soft tissue injury, and use of heparin,
non steroidal anti inflammatory drugs and cortisol) will
help to prevent and minimize risks of nonunion.

Page 2 of 10

Indeed, access to information is a key element. Defin-
ing multiple risk factors enables physicians to think
ahead and prevent the occurrence of multiple musculos-
keletal injuries. By having access to detailed information
on the osteoporosis risk index, arthroplasty loosening
index and osteoarthritis risk, and considering other fac-
tors such as age, weight, and activity level, a decision
specific to each patient can be made. Gene microchip
arrays can also be considered as an option for rapid
interhospital transfer of patient data. However, the ethi-
cal aspect of this device requires more investigation [6].

As concluded by Rozental et al. (2008), a simple inter-
vention in the orthopaedic clinic significantly improves
osteoporosis screening and treatment rates. They deter-
mined that, of the two tested interventions, the one that
requires the orthopaedic surgeon to recommend a bone
mineral density examination at the time of the initial
fracture care visit resulted in an assessment rate (93%)
that was three times higher than the rate found when
this step was left to the primary care physician (30%), [4].

Microarray analysis characterizes considerable num-
bers of genes that demonstrate variable expression in
osteoblast cultures from patients with hypertrophic non-
unions compared to controls. Hoffmann et al. (2008)
indicated that cell viability, osteoblast differentiation,
and gene expression in osteoblasts are varied in patients
that tend to develop persistent and refractory fracture
nonunions. Hence, proteins included in the Wnt, insu-
lin-like growth factor 2 (IGF2), transforming growth fac-
tor beta 2 (TGF-B2), and fibroblast growth factor (FGF)
signaling pathways are of paramount importance and
can guide new ideas for clinical treatments in the future
[7]. However, screening and risk identification for
patients may initiate several conflicting dilemmas, such
as the potential for characterizing a “patient’s unique
genetic blueprint” and indicating his or her predisposi-
tion to various disorders. Such screening will cause
health, privacy, and ethical conflicts.

Because most hypertrophic nonunions might be the
result of poorly conceived and executed internal fixa-
tion, improved education and better standardization of
surgical, or non-operative, techniques might possibly be
far more effective at improving outcomes while control-
ling costs.

Algorithm of managing trauma patients - a uniform
concept

Synchronization of trauma patient assessment and man-
agement has long been an aim of trauma surgeons.
Transport between facilities, or even within facilities, is
difficult. Management is often difficult to continue, and
communication breakdown with loss of continuity of
care is typical. For seamless management to become a
reality, the trauma systems need to mature, and new



Table 1 Diagnostic Concepts

Concept of developing treatment’s Algorithms

Osteoporosis -Idenitifcation of Patient's phenotype
- Patient Screening
-Poor nutrition and exercise is an indicator for Osteoporosis
-Defects in collagen 1al and 1a2 genes
-Variations of the Wnt coreceptor; LPR5;

Osteolysis and implant loosening -Variations in the TNF gene promoter

-IL-1 gene family and related protein 3

Monitoring patients postsurgically -Urine metal ion level, serum cytokine, lymphocyte response

Mechanotransduction signaling and skeletal repair -COX2

Acute systemic inflammation and bone resorption -TNF-a,, IL-6, translocation of NF-kappa-B and TNF-alpha-mRNA expression in peripheral blood monocytes
Posttraumatic stress -Trauma-focused cognitive-behavioral therapy

Cell viability, Osteoblast differentiation, gene expression of osteoblasts -Level of canonical Wnt-IGF-, TGF-B, FGF

Concept of developing treatment’s Algorithms: Modified according to Cuomo AV, Lieberman JR (modified version, adapted from Ref #[6])
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designs for acute trauma clinical reception areas must
be developed. Appropriate regionalization of trauma
care is needed to concentrate large numbers of severely
injured patients in specialized centers with enough
volume to allow for specific building designs and provi-
sion of appropriate resources, both personnel and equip-
ment, for trauma management.

After initial field assessment, rapid transport will then
involve active online communication to the center with
coordinated monitoring of vital signs in preparation for
patient reception. To streamline patient stabilization, the
primary reception area will be staffed by surgical and
anesthetic staff who can take the patient through to
early definitive care.

As the initial assessment continues, essential radiology
and Focused Abdominal Sonogram in Trauma (FAST)
will add specificity to the early clinical diagnosis. The
integrated clinical reception area will provide the ability
to directly roll the patient into the incorporated multi-
slice X-ray computed tomography scanner (CAT) or the
integrated operating room to allow further essential
diagnostic studies or immediate control of failing vital
signs.

In patients for whom injury patterns or specific inves-
tigations indicate that direct surgical control of hemor-
rhage is impractical, incorporation of angiographic
facilities into the reception/operating suite will allow
immediate access to intravascular facilities to restore cir-
culation where practical or stop hemorrhage as needed.

The surgical team can then provide the appropriate
initial level of reconstruction before establishing critical
care support through to definitive reconstruction and
early recovery.

The ability to cool patients to limit tissue damage
from underperfusion and secondary injury will be incor-
porated throughout the entire process. This process is
sometimes practiced now and may have a specific role
in preserving neurological function and preventing the
secondary effects of shock while essential hemostasis
and reconstruction occur. In the future, this procedure
may well develop into the ability to place the severely
injured into a state of organ-preserving life suspension
while essential repairs are affected and damaged tissues
stimulated to re-grow.

The concept of such streamlined care is not unattain-
able and is developing in many centers today. Our cur-
rently applied standards already require access to
coronary angiography within a short period of time to
allow early cardiac revascularization for patients present-
ing with chest pain and ECG ST segment changes. The
new operating suite at Massachusetts General Hospital
includes rooms with an incorporated CAT scanner,
interventional angiography equipment, and an Magnetic
resonance imaging scanner (MRI).
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The more basic rooms include integrated imaging,
allowing multi-screen display of extensive clinical data
including vital signs and radiographic data from all
sources. While it is interesting to speculate on the coor-
dination of these technical resources, we still believe
that the availability of experienced surgical decision-
making and interventions requiring high-level surgical
skills will remain the most critically important element
in patient care.

Despite the development of advanced tools for tech-
nology assessment and patient management, the abil-
ity to make sound surgical decisions based on basic
principles and the historical lessons of trauma surgery
will remain the most reliable resource for our
patients. Unfortunately, experience has taught us that
these lessons have to be relearned with each genera-
tion. For example, recent major disasters, such as
post-earthquake relief in Haiti and Japan, found sur-
geons from advanced centers relearning basic skills.
Such skills included basic assessment of major injury
without the use of advanced technological resources,
the value of delayed closure of traumatic amputations,
and non-operative management of many simpler
fractures.

In the future, complete diagnostics of trauma patients
should be achieved within the initial assessment. Cur-
rently, many level I trauma centers use initial computer
tomography (CT) scanning to assess the main causes of
hemorrhage. While this method appears to be accurate
for lesions of the trunk, it does not provide information
about extremity-related injuries. The patient of the
future would certainly benefit from a complete diagnos-
tic assessment, including evaluations of trunk, head,
neck, and extremity-related injuries. Ideally, this com-
plete assessment would utilize a technique that requires
limited or no radiation and generates data in a rapid
fashion.

Moreover, there should be an option to generate 3-D
images of specific areas, such as injured articular sur-
faces and/or soft tissue lesions. This technique would be
able to combine the options generated by roentgen tech-
niques and MRL

In terms of treatment, it will remain key to stop major
bleeding immediately. Given the advantages of a damage
control concept for life-threatening injuries, alternative
techniques may be developed, including catheterization
and coiling through minimally invasive techniques.
While the minimally invasive techniques are currently
time consuming, new options my help to overcome this
obstacle. Whether these new options could be used as
part of a single approach remains to be seen. For the
definitive treatment of major blood loss, there currently
appears to be no solution other than the general techni-
ques of surgical management.
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For the repair of extremity fractures, the current mini-
mally invasive techniques may still be relevant. It is cur-
rently difficult to foresee whether alternative options
will be available. For intraoperative assessment during
the care of multiply injured patients, new diagnostic
options could provide external techniques that do not
require blood sampling and yet demonstrate the level of
blood loss, the acidity of arterial blood and the level of
inflammation. Any new method should be able to be
repeated and provide a reliable set of data. Based upon
such diagnostic procedures, surgical management can be
tapered to minimize the time in intensive care and the
hospital stay.

Total joint registry

The goal of registry studies is to assess population-based
outcomes with hospitals and implants of variable stan-
dards. According to Benson et al. and Concato et al.,
well-designed observational studies offer accurate infor-
mation on treatment effects, and thus, there will be no
need to overemphasize the role of randomized con-
trolled studies in clinical decision making [8,9].

Projections predict that the future musculoskeletal
patient population will include healthier elderly indivi-
duals, individuals with a higher average body weight,
and older individuals with better functionality. The early
diagnosis of and wider range of treatment concepts for
osteoporosis will also result in changes in the future
musculoskeletal patient population [10,11].

Trends such as increased life expectancy, the increas-
ing number of elderly patients, and the epidemic of obe-
sity will place an economic burden on total joint
arthroplasty. The eighty-five years of age and older age
group will be the most rapidly growing age group in the
population. Because the prevalence of osteoarthritis of
the hip and knee joints is associated with aging, life
expectancy and the quality of life will depend on joint
replacement surgery [12-14].

Studies addressing registry data have found that, com-
pared to an individual with a normal body mass index,
an obese individual is thirty-three times more likely to
need a total knee replacement (TKR) [15].

Projections based on data from the Nationwide Inpati-
ent Sample and other sources indicate that the number
of total hip arthroplasties will continue to increase gra-
dually, reaching around 500,000 per year in the United
States by 2030 [16].

The need for total knee arthroplasty will be much
greater [17]. Because patients will outlast their prosthe-
sis, the number of revision arthroplasties will rise
accordingly.

As Kurtz et al. indicated, the number of revision
arthroplasties has already increased by 79% over the last
decade alone. Presently, the failure rate of total hip
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arthroplasty is 16.9% per year in patients older than
sixty-five years [18]. However, according to the Swedish
National Hip Arthroplasty Register, the cumulative revi-
sion rates for hip and knee arthroplasties increase with
younger age [19].

It is difficult to predict the demand for orthopaedic
services because of the potential for alternative technol-
ogies, the development of new surgical techniques, the
use of adjusted algorithms aimed at preventing disease
or injury and changes in population demographics,
which are dependent on immigration influx.

However, the most obvious fact is that there is a clear
reduction in the overall orthopaedic service capacity and
health care resources in North America and Europe and
an increase in demand for orthopaedic services.

As predicted by Kurtz et al., an increase in the need
for primary hip and knee replacement in 2030 of 174%
(from 208,600 in 2005 to 572,000 by 2030) and 673%
(from 450,000 in 2005 to 3.48 million procedures by
2030), respectively, will occur [20].

A national total joint registry will provide a mechanism
to track the longitudinal performance of specific implants
of all age groups and may lead to a decrease in the revi-
sion burden, as has been the case in Sweden [21].

The revision burden is a percentage calculated by
dividing the number of revisions done over a certain
period by the total number of primary and revision hip
replacements performed during the same time period
[21]. For example, in Sweden’s registry, the revision bur-
den for cemented prostheses from 1979 to 2000 was
7.4%, while that for uncemented implants was 17.9%.
This result supports the hesitation of Swedish surgeons
to use uncemented implants. Since 1992, parameters
such as patient’s age, sex, operated side, diagnosis,
implant (manufacturer’s catalog number), surgical
approach, and cement brand have been registered for
primary implants in the Swedish registry [21]. The addi-
tion of parameters such as functional demand, body
mass index, and physical activity may improve data
interpretation [22].

Registries are considered to be a good instrument to
improve quality in health care. However, every region
has its own population-specific outcome that cannot be
compared to other regions’ patient outcomes. The addi-
tion of information on patient outcomes, satisfaction
and radiographic information will improve the impact of
the registries worldwide.

The distinct advantage of each country having its own
total joint replacement registry is that these registries
have the potential to identify complications long before
they would be reported in conventional research-based
clinical publications. The benefits of having a national
guided registry are based on refining indications, surgi-
cal techniques, and implant choices [21].
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An accurate projection of the number of revision
arthroplasties required is needed, as these surgeries
involve greater economic resources than primary
procedures.

Julin et al. reported the results of a seven-year follow-
up study of 32,019 TKRs for primary or secondary
osteoarthritis to the Finnish Arthroplasty Register. Dur-
ing the follow-up, 909 TKRs were revised, 205 (23%)
due to infection and 704 for other reasons. These data
indicate that causes for revision other than infection
were more frequent in the 2 younger age groups (81%
and 85%) than in the older age group with patients > 65
years of age (74%, p = 0.002), [22]. Because of their
higher functional demands, young TKR patients seem to
be more likely to require revision [23]. Another group
that often undergoes revision is obese TKR patients, and
obesity is more common in younger patients compared
to older patients who undergo TKR [24,25].

Prosthesis loosening and revision are influenced by the
amount of physical activity, that is, the number of steps
taken by the patient per year “cyclic loading”, and the
participation in diverse physical activities. As indicated
by Julin et al., “it is not the time in service but the load-
ing of the prosthesis that leads to loosening.” They con-
cluded that in the short-term follow-up the relatively
young age of < 55 years was accompanied with a higher
risk of revision, especially for aseptic failure. With
increasing age at the time of surgery, the prosthesis sur-
vival rates improved. In the category of 56- to 65-year-
old patients, the outcomes were better than in the
youngest age group, and outcomes were improved
further in patients over 65 years of age. These findings
need further clinical assessment [22]. Indeed, in patients
who are younger than 55 years old, TKR should only be
used in selected cases when there are no other options
available, such as Biologic Knee Replacement, i.e.,
meniscus replacement and articular cartilage paste graft-
ing, to minimize pain and dysfunction.

The National Trauma Data Bank registry that has
been available through the American College of Sur-
geons for a number of years has not been successful
because data entry has been voluntary. As one can ima-
gine, neither surgeons nor hospitals are very likely to
comply unless absolutely required. Hence, we recom-
mend that Joint Registries should not rely on voluntary
based data entry (like the planned American Joint Regis-
try) but rather that it should be managed through the
Department of Health, the payors or a similar venue as
is the case in Scandinavia.

Some countries like Australia, Canada, and the Scan-
dinavian countries have had great success with registries
so far. These registries have served the function of an
early warning system for prostheses that fail and have
functioned as a good tool for improving the quality of
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health care. Hence, we advocate for a multinational,
government-based organized registry.

Peri-prosthetic fractures Registry

Peri-prosthetic fractures are considered as a “pre-term-
inal event” in the majority of patients [26]. The inci-
dence of periprosthetic fractures has more than doubled
over a decade period of time [27]. As indicated by Berry
et al. [28,29] the worldwide incidence of late peripros-
thetic femoral fractures is also increasing. Given the
increase in total joint arthroplasty, we will encounter an
epidemic of periprosthetic fractures that presents a glo-
bal issue. Thus, optimizing specific algorithms and
developing a detailed preoperative management concept
that includes specific patient’s related parameters, risk
factors are needed.

However, distinct algorithms have been developed,
there is still a tendency based on surgeon’s personal
experience whether to perform an osteosynthesis or a
revision arthroplasty. Until now there is no consensus
on defining the stability of an implant. While, some col-
leagues focus on x-rays, others prefer to open the proxi-
mal femur to assess the hold, and some others converge
on the patient’s pain history.

Hence, there is a clear need of performing more clini-
cal studies through developing a registry of peripros-
thetic fractures that may contain detailed information
on identifying patients at risk.

In 2006, the Trauma Surgery in Geriatrics group of the
German Society for Trauma Surgery established a peri-
prosthetic fracture register within the clinical priority pro-
gram (CPP) of the AO Foundation (Arbeitsgemeinschaft
der Osteosynthese Fragen) to describe the actual standard
of treatment and to provide a basis for further improve-
ment. Based on these data, a new classification system
needed to be developed that addresses the different
aspects of periprosthetic fractures. This classification con-
tains information related to the geriatric population, the
status of the prosthesis (e.g., primary or revision arthro-
plasty), loosening of the prosthesis, cemented or non-
cemented fracture location and bone stock (Table 2). The
Periprosthetic Fracture Register of the AO Foundation
contains following parameters: patient’s age, gender,
comorbidities, functional demand, body mass index, oper-
ated side, diagnosis, implants (manufacturer’s catalog
number), surgical approach, primary/revision prosthesis,
loosening of the prosthesis, cemented versus not cemen-
ted, cement brand, location, type of fracture, bone stock,
patient’s outcome and radiographic information.

Several centers retrospectively contributed their cases
to a national Periprosthetic Fracture Registry to charac-
terize the current standard of care in these complex
clinical cases. In a phase 2 (ongoing process) study, pro-
spective data acquisition will help to develop
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Table 2 Preliminary Standard treatments based on the CPP of the AO Foundation

Fracture location
Around the Stem

Distal the Stem

At the tip of the Stem

A Primary

Prosthesis Osteosynthesis Osteosynthesis
B Revision

Prosthesis Osteosynthesis Osteosynthesis
C Loosened Prosthesis

Prosthesis Prosthesis Prosthesis

1 Cemented -2 non-cemented

1 Bone quality good - 2 bad

Preliminary parameters and standard of treatment that implicates the method based on the CPP of the AO Foundation that is considered as an alpha-numeric

code consisting of the letters A-C and numbers 1-3

recommendations to the surgeon and to investigate the
outcome in terms of morbidity and mortality, including
revision rates and life quality.

Due to the complexity and the heterogeneity of the
investigated patient population, a multinational registry
seems necessary to prepare for the upcoming demo-
graphic changes.

Quality assurance in orthopaedics

Despite the nationwide implementation of standardized
patient safety protocols in the past decade, surgical
patients continue being susceptible to preventable com-
plications, including sentinel events and “never events”,
such as wrong-patient and wrong-site surgery [30,31]. A
recent American Academy of Orthopaedic Surgeons
(AAOS) survey among 5,540 academy members revealed
that 53% of all responders had observed a medical error
in the preceding 6 months, including 27 cases of wrong-
site surgery [32]. These data emphasize that our current
patient safety protocols are indeed not safe in protecting
our patients from suffering unintended and preventable
harm [33,34]. New strategies to improve patient safety
in surgery include the implementation of defined surgi-
cal safety checklists, “readbacks” to improve communi-
cation in perioperative services, and medical team
training programs [35,36].

At the foundation of any program designed to
improve patient safety in orthopaedics lies the need for
understanding the patterns and root causes of surgical
complications. This notion implies the honest and unfil-
tered reporting, followed by systematic work-up of any
reported adverse event in a standardized fashion. How-
ever, due to the widespread reluctance to report surgical
complications, patient safety in orthopaedics continues
to represent an essential “information problem”. Disclos-
ing and reporting of medical errors is compelling
beyond a doubt from a moral, ethical, and scientific per-
spective, and therefore represents a basic tenet for
improving patient safety.

Underreporting of surgical complications creates a gap
of information which may otherwise help prevent the
recurrence of a similar adverse event. We have recently
described a new Quality Assurance (QA) process in
orthopaedics, which was designed to lower the threshold
of reporting all perceived complications, “near-misses”,
and “no-harm events”, mandating a standardized peer-
review of all reported occurrences in a “real-time” fash-
ion [37]. The new QA process implanted at Denver
Health Medical Center relies on the following three
cornerstones:

1-Anonymous “real-time” reporting of any suspected
adverse occurrence, including “near miss” and “no harm”
events, by any member of the surgical team. Occurrences
are reported to an independent nurse provider in charge
of managing the adverse event database. A “no fault” pol-
icy for reporting occurrences is encouraged with strong
support from the department leadership.

2-Peer-review of each reported event at a weekly QA
conference, using a standardized case review form, in
the presence of the responsible attending surgeon and at
least two additional faculty staff members who were not
involved in the occurrence.

3-Corrective action is defined for each reviewed case,
if deemed necessary during the peer-review process.
Each closed case is prospectively entered into a depart-
mental QA database. All team members involved in the
adverse occurrence are notified about the final assess-
ment of the peer-review process.

The standardized case review form is shown in Figure 1
impressively, the median rate of reported occurrences
increased more than 6-fold from 1.7 to 11.1 per 100 surgi-
cal procedures, within 21/2 years of implementation of the
new QA process [37]. Similarly, the overall complication
rate for the entire Department of Orthopaedics at Denver
Health Medical Center increased almost 5-fold, from 1.4%
to 6.7%. These data emphasize the “double-edged sword”
aspect of reporting adverse events: The reported 5-fold
increase in complications within the department likely
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Name: PATIENT, TEST
Ortho M&M:

MRN: 9876543HH
Reported Event:
Co-Morbids:

30Y
Ortho Team:
FIN: 12345678

I.  Status
[JA. Complication
[ ]B. "Near miss" event
[JC. "No harm" event
[]1D. Death
[JE. Not a complication
[']F. Not an Ortho complication

Il.  Specific Complication
[']A. Postoperative infection
[1B. Failure of reduction/fixation
[]C. Misplaced implant
[]D. Fracture-Nonunion
[]E. Wound healing issue
[']F. Failure of flap or replantation
[ ] G. Postop bleeding/hematoma
["JH. Vascular injury
[']1.  Neurologic injury

[JJ. Medical complication (e.g. MI,
pneumonia, etc.)

[JK. DVT/PE
[ ]L. Death
[IM. Other:

lll. Patient Harm/Outcome
(Related to Complication)
['JA. Unplanned return to OR
[]B. No harm
[]C. Harm
[]D. Death
[1E. Not determined

IV. Contributing Root Cause
[ JA. Communication
[']B. Supervision
[]C. Indication
[']D. Technique
[']E. Treatment concept
[]F. Judgment error
[]G. Aftercare
[JH. System issue
[']1. Patient compliance —
[]J. Patient selection
[1K. Co-morbidities
[JL. Injury severity —
["1M. No root cause evident
[ IN. Other:

Preventable
VI -1

Non-Preventable
VI.-3

Equivocal VI. - 4

Admitted: 12/31/2008
/
Trauma #: 1

V. Corrective Action
[JA. Education at QA Conference
[[]B. Guideline/protocol
[]C. To Pl Committee/Peer Review

VI. Preventability
[]1. Preventable
[[]2. Potentially Preventable
[13. Non-Preventable
[]4. Equivocal
VII. Disclosure
[JA. Ocurred
By whom?
Date:
Time:
[1B. Did not occur
Reason:

Procedure Start: 02/01/2010 08:30
Procedure End: 02/01/2010 08:59
Antibiotics Start: 02/01/2010 08:00
Total Tourniquet Time: 00:22

Heparin Start: ~ 07/26/2009 12:00
Last Heparin: 07/28/2009 17:00

COMMENTS RELATED TO PROCEDURE, ABX, HEPARIN HERE

Confidential Privileged Quality Management Document,
per C.R.S. § 25-3-109

(modified version, adapted from Ref #[37]).

Figure 1 Case peer-review form for reported adverse occurrences at the Department of Orthopaedics, Denver Health Medical Center

“incidence of complications” were used as a measure of
institutional quality, the facility would be penalized for its
improved surveillance and educational process. The thor-
ough reporting and peer-review of surgical errors creates a

reflects the improved open and more honest reporting for-
mat and critical peer-review of each reported occurrence,
rather than a decreased quality of care. And here lies the
paradox: If the parameters of “reported adverse events” and
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new dilemma for the practicing orthopaedic surgeon: an
increased quality of reporting leads to an increased compli-
cation rate, thus affecting the individual surgeon’s profes-
sional track record and the respective institution’s ranking
among peers. Until legislation provides legal protection for
medical error disclosure and analysis, we continue to rely
on the limited and anecdotal reporting of medical errors
and surgical complications in the peer-reviewed biomedical
literature [38-40]. Unequivocally, legislative tort reform and
avoidance of punitive systems represent the basis required
to decrease the surgeons’ inherent reluctance to report
their own complications.

Conclusions

This article sheds light on challenges ahead that can
only be handled well by logistical preparation that
occurs years in advance.

Furthermore, emphasis is placed on developing and
improving patient safety protocols in orthopaedics, such
as by implementation of standardized quality assurance
protocols which are based on open, transparent report-
ing and peer-review of all adverse events. These chal-
lenges require that the international orthopaedic
community think more globally and act locally.

List of abbreviations

IGF2: (insulin-like growth factor 2); TGF-B2: (transforming growth factor beta
2); FGF: (fibroblast growth factor); FAST: (Focused Abdominal Sonogram in
Trauma); CAT: (X-ray computed tomography); ECG: (Electrocardiography);
MRI: ( Magnetic resonance imaging ); TKR (total knee replacements); AO
Foundation: (Arbeitsgemeinschaft der Osteosynthese Fragen); CPP: (clinical
priority program); AAOS: (American Academy of Orthopaedic Surgeons); QA:
(Quality Assurance); LRP5: (low-density lipoprotein receptor-related protein
5); TNF: (Tumor necrosis factor); IL1:(Interleukin 1); COX2:(Cylooxygenase 2);
NF-kB: (nuclear factor ‘kappa-light-chain-enhancer of activated B-cells); M&M:
(morbidity and mortality); DVT: (deep venous thrombosis); PE: (pulmonary
embolism); QA: (quality assurance); Pl: (process improvement).

Acknowledgements

The authors acknowledge Harry E. Rubash, MD, Edith M. Ashley Professor of
Orthopaedic Surgery, Harvard Medical School and Partners HealthCare
continued commitment to provide the highest quality musculoskeletal
patient care, teaching and research, with a global commitment to
leadership.

The authors would like to thank Professor Philip F. Stahel MD, FACS, Director
of Orthopaedic Surgery at Denver Health Medical Center for writing the
section on QA.

Author details

'Department of Orthopaedic Surgery, Harvard Medical School, Massachusetts
General Hospital, 55 Fruit Street, Boston, MA 02114, USA. “Department of
Orthopaedic Trauma, University of Aachen Medical Center, Pauwelsstra3e 30,
52074 Aachen, Germany. *Department of Trauma and Orthopaedic Surgery,
School of Medicine, University of Leeds, Leeds LS2 9JT, UK. 4Departmem of
Orthopaedic Trauma, University Hospital, Queen’s Medical Centre, GB-
Nottingham, NG7 2UH, UK. 5Department of Trauma Surgery, Hannover
Medical School, Carl-Neuberg-Str. 1, 30625 Hannover, Germany. ®Clinic for
Special Hand Surgery, Salzburger Leite 1, 97616 Bad Neustadt an der Saale,
Germany. 'Department of Trauma Surgery, University Hospital Muenster,
Albert-Schweitzer-Campus 1, 48149 Minster, Germany. 8Rothman Institute of
Orthopedics Philadelphia, Thomas Jefferson University Hospital, 925 Chestnut
Street, 5th Floor, Philadelphia, PA 19107, USA.

Page 9 of 10

Authors’ contributions
All authors performed literature review, drafted, and approved the final
manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 16 August 2011 Accepted: 25 September 2011
Published: 25 September 2011

References

1. US Census Bureau: US interim projections by age, sex, race, and Hispanic
origin: 2000-2050.[http://census.gov/population/www/projections/
usinterimproj/], Accessed 2009 June 24.

2. Loh S, George MV: Projected population size and age structure for
Canada and provinces: with and without international migration. Can
Stud Popul 2007, 34(2):103-127.

3. Bhandari M, Schemitsch EH: Stimulation of fracture healing:
Osteobiologics, Bone Stimulators, and Beyond. J Orthop Trauma 2010,
24(Suppl 3):S1.

4. Rozental TD, Makhni EC, Day CS, Bouxsein ML: Improving evaluation and
treatment for osteoporosis following distal radial fractures. A
prospective randomized intervention. J Bone Joint Surg Am 2008,
90(5):953-961.

5. Starr AJ, Smith WR, Frawley WH, Borer DS, Morgan SJ, Reinert CM,
Mendoza-Welch M: Symptoms of posttraumatic stress disorder after
orthopaedic trauma. J Bone Joint Surg Am 2004, 86-A(6):1115-1121.

6. Cuomo AV, Lieberman JR: The Future of Musculoskeletal Tissue
Regeneration: A Clinical Perspective. In Musculoskeletal Tissue Regeneration.
Edited by: Pietrzak WS. Humana Press; 2008:619-634.

7. Hofmann A, Ritz U, Hessmann MH, Schmid C, Tresch A, Rompe JD,

Meurer A, Rommens PM: Cell viability, osteoblast differentiation, gene
expression are altered in human osteoblasts from hypertrophic fracture
non-unions. Bone 2008, 42(5):894-906.

8. Benson K, Hartz AJ: A comparison of observational studies and
randomized, controlled trials. N Engl J Med 2000, 342(25):1878-1886.

9. Concato J, Shah N, Horwitz Rl: Randomized, controlled trials,
observational studies, and the hierarchy of research designs. N Engl J
Med 2000, 342(25):1887-1892.

10. Kannus P, Niemi S, Parkkari J, Palvanen M, Vuori |, Jarvinen M: Nationwide
decline in incidence of hip fracture. J Bone Miner Res 2006,
21(12):1836-1838.

11. Sehgal A, Vadhavkar S, Mithal A, Singh GSI: A victory in the war on
osteoporosis? Declining prevalence of hospitalizations for non-traumatic
hip fractures in the US. Ann Rheum Dis 2008, 67(Suppl 11):55.

12. Quintana JM, Arostegui |, Escobar A, Azkarate J, Goenaga JI, Lafuente |:
Prevalence of knee and hip osteoarthritis and the appropriateness of
joint replacement in an older population. Arch Intern Med 2008,
168(14):1576-1584.

13. Grotle M, Hagen KB, Natvig B, Dahl FA, Kvien TK: Prevalence and burden
of osteoarthritis: results from a population survey in Norway. J/
Rheumatol 2008, 35(4):677-684.

14. Andrianakos AA, Kontelis LK, Karamitsos DG, Aslanidis SI, Georgountzos Al,
Kaziolas GO, Pantelidou KV, Vafiadou EV, Dantis PC, ESORDIG Study Group:
Prevalence of symptomatic knee, hand, and hip osteoarthritis in Greece.
The ESORDIG study. J Rheumatol 2006, 33(12):2507-2513.

15. Bourne R, Mukhi S, Zhu N, Keresteci M, Marin M: Role of obesity on the
risk for total hip or knee arthroplasty. Clin Orthop Relat Res 2007,
465:185-188.

16.  Kurtz SM, Lau E, Schmier J, Ong KL, Zhao K, Parvizi J: Infection burden for
hip and knee arthroplasty in the United States. J Arthroplasty 2008,
23(7):984-991.

17. Dunbar MJ, Howard A, Bogoch ER, Parvizi J, Kreder HJ: Orthopaedics in
2020: Predictors of Musculoskeltal Need. J Bone and Joint Surg Am 2009,
91(9):2276-2286.

18. Kurtz S, Mowat F, Ong K, Chan N, Lau E, Halpern M: Prevalence of primary
and revision total hip and knee arthroplasty in the United States from
1990 through 2002. J Bone Joint Surg Am 2005, 87(7):1487-1497.

19. The Swedish National Hip Arthroplasty Register. Annual report 2004 2005
[https://www jru.orthop.gu.se/].


http://census.gov/population/www/projections/usinterimproj/
http://census.gov/population/www/projections/usinterimproj/
http://www.ncbi.nlm.nih.gov/pubmed/20182228?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20182228?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18451385?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18451385?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18451385?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15173282?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15173282?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18314404?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18314404?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18314404?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10861324?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10861324?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10861325?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10861325?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17002578?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17002578?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18663171?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18663171?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18278832?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18278832?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17143985?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17143985?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17906592?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17906592?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18534466?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18534466?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15995115?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15995115?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15995115?dopt=Abstract
https://www.jru.orthop.gu.se/

Fayaz et al. Patient Safety in Surgery 2011, 5:23
http://www.pssjournal.com/content/5/1/23

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

Kurtz S, Ong k, Lau E, Mowat F, Halpern M: Projections of primary and
revision hip and knee arthroplasty in the United States from 2005 to
2030. J Bone Joint Surg Am 2007, 89(4):780-785.

Malchau H, Herberts P, Eisler T, Garellick G, Soderman P: The Swedish Total
Hip Replacement Register. J Bone Joint Surg Am 2002, 84(Suppl 2):2-20.
Julin J, Jaemsen E, Puolakka T, Konttinen YT, Moilanen T: Younger age
increases the risk of early prosthesis failure following primary total knee
replacement for osteoarthritis. A follow-up study of 32,019 total knee
replacements in the Finnish Arthroplasty Register. Acta Orthopaedica
2010, 81(4):413-419.

lorio R, Healy WL, Applegate T: Validity of preoperative demand matching
as an indicator of activity after TKA. Clin Orthop 2006, , 452: 44-48.

Amin AK, Clayton RAE, Patton JT, Gaston M, Cook RE, Brenkel 1J: Total knee
replacement in morbidly obese patients: Results of a prospective
matched study. J Bone Joint Surg Br 2006, 88(10):1321-1326.

Changulani M, Kalairajah Y, Peel T, Field RE: The relationship between
obesity and the age at which hip and knee replacement is undertaken.
J Bone Joint Surg Br 2008, 90(3):360-363.

Higgins GA, Davis ET, Revell M, Porter K: The management and treatment
of peri-prosthetic fractures around both total hip and hemiarthroplasty.
Trauma 2009, 11:49-61.

Sarvilinna R, Huhtala HS, Sovelius RT, Halonen PJ, Nevalainen JK,

Pajamaki KJ: Factors predisposing to periprosthetic fracture after hip
arthroplasty: a case (n = 31)-control study. Acta Orthopaedica
Scandinavica 2004, 75(1):16-20.

Berry DJ: Epidemiology: hip and knee. Orthop Clin North Am 1999,
30(2):183-190.

Berry DJ: Periprosthetic fractures associated with osteolysis: a problem
on the rise. J Arthroplasty 2003, 18(3 Suppl 1):107--111.

Stahel PF, Sabel AL, Victoroff MS, Varnell J, Lembitz A, Boyle DJ, Clarke TJ,
Smith WR, Mehler PS: Wrong-site and wrong-patient procedures in the
universal protocol era: analysis of a prospective database of physician
self-reported occurrences. Arch Surg 2010, 145(10):978-984.

Ring DC, Herndon JH, Meyer GS: A 65-year-old woman with an incorrect
operation on the left hand. N Engl J Med 2010, 363(20):1950-1957.

Wong DA, Herndon JH, Canale ST, Brooks RL, Hunt TR, Epps HR,

Fountain SS, Albanese SA, Johanson NA: Medical errors in orthopaedics:
results of an AAOS member survey. J Bone Joint Surg Am 2009,
91(3):547-557.

Stahel PF, Mehler PS, Clarke TJ, Varnell J: The 5th anniversary of the
“Universal Protocol": pitfalls and pearls revisited. Patient Safety in Surg
2009, 3(1):14.

Landrigan CP, Parry GJ, Bones CB, Hackbarth AD, Goldmann DA, Sharek PJ:
Temporal trends in rates of patient harm resulting from medical care. N
Engl J Med 2010, 363(22):2124-2134.

de Vries EN, Prins HA, Crolla RM, den Outer AJ, van Andel G, van

Helden SH, Schlack WS, van Putten MA, Gouma DJ, Dijkgraaf MG,
Smorenburg SM, Boermeester MA: SURPASS Collaborative Group. Effect of
a comprehensive surgical safety system on patient outcomes. N £ngl J
Med 2010, 363(20):1928-1937.

Neily J, Mills PD, Young-Xu Y, Carney BT, West P, Berger DH, Mazzia LM,
Paull DE, Bagian JP: Association between implementation of a medical
team training program and surgical mortality. JAMA 2010,
304(15):1693-1700.

Stahel PF, Flierl MA, Smith WR, Morgan SJ, Victoroff MS, Clarke TJ, Sabel AL,
Mehler PS: Disclosure and reporting of surgical complications: a double-
edged sword? Am J Med Qual 2010, 25(5):398-401.

Stahel PF, Clavien PA, Hahnloser D, Smith WR: A new journal devoted to
patient safety in surgery: the time is now! Patient Safety in Surg 2007,
1(1):1.

Gallagher TH, Studdert D, Levinson W: Disclosing harmful medical errors
to patients. N Engl J Med 2007, 356(26):2713-2719.

Murphy JG, Stee L, McEvoy MT, Oshiro J: Journal reporting of medical
errors: the wisdom of Solomon, the bravery of Achilles, and the
foolishness of Pan. Chest 2007, 131(3):890-896.

doi:10.1186/1754-9493-5-23

Cite this article as: Fayaz et al. Challenges and barriers to improving
care of the musculoskeletal patient of the future - a debate article and
global perspective. Patient Safety in Surgery 2011 5:23.

Page 10 of 10

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BioMed Central



http://www.ncbi.nlm.nih.gov/pubmed/17403800?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17403800?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17403800?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12479335?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12479335?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20809740?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20809740?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20809740?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20809740?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17012421?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17012421?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17012421?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18310761?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18310761?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15188661?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15188661?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10196420?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12730943?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12730943?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20956767?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20956767?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20956767?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21067387?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21067387?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19255214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19255214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21105794?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21067384?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21067384?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20959579?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20959579?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20592238?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20592238?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17596606?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17596606?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17356109?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17356109?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17356109?dopt=Abstract

	Abstract
	Background
	Discussion
	Summary

	Background
	Algorithm of managing trauma patients - a uniform concept
	Total joint registry
	Peri-prosthetic fractures Registry
	Quality assurance in orthopaedics

	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References

