Traumatic Elbow

h
Dislocations

Gijs LT. lordens






TRAUMATIC ELBOW DISLOCATIONS

Gijs 1. T. Iordens



This thesis was realized at the Trauma Research Unit, Department of Surgery, Erasmus MC, Rotterdam, The
Netherlands.

Part of this research was financially supported by grants from the European Society for Surgery of the Shoul-
der and the Elbow (SECEC/ESSSE), the AO Research Fund of the AO Foundation (No. S-09-99D), and the
Osteosynthesis and Trauma Care (OTC) Foundation (No. 2010-DHEL).

Printing of this thesis has been financially supported by:

- Erasmus MC, Afdeling Heelkunde
- Erasmus Universiteit Rotterdam

ChipSoft
)
Pro-Motion

(UWT

)

: § Samen met 9""‘“"“%’.@‘3‘

ISBN: 978-94-6299-248-1

Cover design by Maurik Stomps
Layout and printing: Ridderprint BV, Ridderkerk, the Netherlands



TRAUMATIC ELBOW DISLOCATIONS

Traumatische elleboogluxaties

PROEFSCHRIFT

ter verkrijging van de graad van doctor aan de
Erasmus Universiteit Rotterdam
op gezag van de rector magnificus
Prof.dr. H.A.P. Pols

en volgens besluit van het College voor Promoties.

De openbare verdediging zal plaatsvinden op
woensdag 23 december 2015 om 13:30 uur

door

Gijsbert Ioan Timon Iordens
Geboren 26 april 1981 te Amsterdam

/62""/ wAJ
Erasmus University Rotterdam



PROMOTIECOMMISSIE

Promotoren: Prof.dr. P. Patka
Prof.dr. M.H.]. Verhofstad

Co promotoren: dr. D. den Hartog
dr. N.W.L. Schep

Overige leden: Prof.dr. G.J. Kleinrensink
Prof.dr. S. Nijs
Prof.dr. J.AN. Verhaar



Voor Moes






TABLE OF CONTENTS

I. General introduction

Chapter 1
Chapter 2

Chapter 3

General introduction, aim and outline of the thesis

Trends in incidence and costs of injuries to the shoulder, arm
and wrist in The Netherlands between 1986 and 2008

Trends in incidence and costs of elbow dislocations in the adult
population in The Netherlands between 1986 and 2008

II. Treatment and evaluation of simple elbow dislocations

Chapter 4

Chapter 5

Chapter 6

Chapter 7

Protocol: Functional treatment versus plaster for simple elbow
dislocations: A randomized trial

Early mobilization versus plaster immobilization of simple elbow
dislocations: Results of the FuncSiE multicenter randomized
clinical trial

Early mobilization versus plaster immobilization of simple
elbow dislocations: A cost analysis of the FuncSiE multicenter
randomized clinical trial

Minimal clinically important difference and other measurement
properties of the Oxford Elbow Score in patients with a simple
elbow dislocation

III. Treatment of complex elbow dislocations

Chapter 8

Chapter 9

Protocol: A hinged external fixator for complex elbow
dislocations, a multicenter prospective cohort study

Good functional recovery of complex elbow dislocations treated
with hinged external fixation: A multicenter prospective study

IV. General discussion, summary, and appendices

Chapter 10 General discussion

Chapter 11

I. Summary
II. Samenvatting

Chapter 12 Appendices

I. Contributing authors
I1. Dankwoord

II1. PhD portfolio

IV. Curriculum vitae

11
25

41

51

67

87

105

125

139

165
175
181

187
189
193
195
197









General introduction,
aim and outline of the thesis

7









General introduction

GENERAL INTRODUCTION

Epidemiology

The elbow is the second most common major joint to dislocate after the shoulder in
the adult population. " Elbow dislocations account for approximately 11 to 28% of all
elbow injuries. The incidence varies between 5.2 and 6.1 per 100,000 person years. >
There is a female sex preponderance and the injury is mostly sustained to the non-
dominant hand. >’

Kinematics

Together with the shoulder the elbow plays a crucial role in positioning the hand in
space. The degrees of freedom of the elbow, being a trochlear (pivoting / pro- and
supination; Figure 1) and ginglymoid (hinge / flexion and extension) joint is relatively
constrained but loss of range of motion in the elbow joint has significant impact on

activities of daily living and therewith quality of life. '’

Figure 1. A trochleogynglimoid joint

The elbow is trochleogynglimoid joint which combines hinging (flexion and extension; A) and pivoting (pro-
and supination; B).

Relevant anatomy and stability

The stability of the elbow is largely dependent on the integrity and congruency of the
joint. It is a highly constrained joint which relies on a complex interaction between
bony articulations, capsuloligamentous structures and dynamic muscle restraints. '"'?

From an osseous point of view the elbow is constructed of three articulations; the
ulnohumeral, the radiocapitellar and the proximal radioulnar joint. The most impor-
tant osseous stabilizer is the ulnohumeral joint. Congruent articulation of this joint is
responsible for as much as 50% of the stability of the elbow. "> The coronoid process acts

as a buttress for posterior directed forces to the forearm. In addition, the medial facet
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of the coronoid process plays an important role in stability during varus stress. """ The
radial head also neutralizes posteriorly directed forces (radiocapitellar joint) and in
collaboration with the radioulnar joint it facilitates forearm rotation. Furthermore, the
radial head plays is an important stabilizing factor during valgus stress. '* The osseous
stabilizers are shown in Figure 2.

Figure 2. The three bones of the elbow

Radial fossa Coronoid fossa
Lateral epicondyle ————— Medial epicondyle
Capitellum Trochlea

[*{eT [fo] Y=Y [« — Olecranon

Radial neck——— Sagittal ridge Greater Sigmoid notch

Radial tuberosity ! o Coronoid process
esser sigmoid —,

notch Anferomedia| facet

The distal humerus (A), the proximal radius (B) and the proximal ulna (C).

Ligamentous restraints contribute to the stability of the elbow joint (Figure 3). The
most important ligamentous structures are the medial collateral ligament complex
(MCL), the lateral collateral ligament (LCL) and the joint capsule. The MCL is situated
on the medial aspect of the elbow joint. Its main function is to retain contact between
the trochlear articular surface of the distal humerus and the trochlear notch of the
ulna. " The MCL consists of three separate segments; the anterior bundle (AMCL),
the posterior bundle (PMCL) and the transverse ligament. The latter does not span the
joint and therefore does not contribute to ligamentous stability, rather it is thought to
be an insertion site for the joint capsule. Moreover, together with the posterior bundle
it contributes to the floor of the cubital tunnel. "> The AMCL and the PMCL together
are responsible for 30% and 55% of the restraint to valgus load in extension and 90°
flexion, respectively.'” "> The greatest portion of these resistant forces are provided by
the AMCL, which makes it the primary stabilizer to valgus stress; consequently, the
radial head acts as a secondary stabilizer. '**° An elbow with an intact MCL complex
remains stable, even after removal of the radial head. "
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The lateral collateral ligament (LCL) is positioned on the lateral side of the elbow and
its main function is to maintain contact between radial head and capitellum, in other
words, to prevent posterolateral instability of the elbow joint. This makes it the primary
restraint of external rotation and varus load at the elbow. '*'*?' The LCL consists of
four components; the radial collateral ligament (RCL), the lateral ulnar collateral liga-
ment (LUCL), the annular ligament (AL) and the accessory collateral ligament (ACL).*

Figure 3. The ligamentous restraints of the elbow joint

Lateral ulnar collateral ligament
Radial collateral ligament Anterior bundle
Annular ligament Posterior bundle

Transverse ligament

Accessory collateral ligament

Viewed from lateral (A) and medial (B).

Biomechanical and cadaveric studies of the elbow and its ligamentous stabilizers led
to the concept that dislocation is the final stage of three sequential stages of elbow
instability. It starts with posterolateral rotation during which soft-tissue disruption
progresses from lateral to medial. This sequence of events, the concept of postero-
lateral rotatory instability (PLRI), is best illustrated by the Horii model and accounts
for the most commonly seen (postero)lateral elbow dislocations (Figure 4). *"**** The
opposite mechanism holds true for more infrequently encountered (postero)medial
disocations. '*'® Some authors even state that a dislocation as a result of PLRI can occur
while the MCL remains intact. > A recent study on elbow dislocations in vivo, however,
challenged this principle. They reviewed 62 videos of traumatic elbow dislocations and
concluded that extension, axial load, external rotation, and a deforming valgus moment
are the ingredients for a typical elbow dislocation. They suggest that the anterior bundle
of the MCL, rather than the LCL may be the initial site of soft tissue disruption. *

Both LCL and MCL are actually a thickening of the joint capsule which makes it hard
to clinically differentiate between these anatomically contiguous structures. Neverthe-
less, the joint capsule also contributes to stability. In full extension its contribution to
stability under valgus stress is almost 40%. In 90 degrees flexion its role in valgus load

stability is less important (10%). '* >

15



16 | Chapter 1

Figure 4. The Horii model

Dislocation

The Horii model displays the concept of PLRI and the three stages of elbow dislocation and soft-tissue disrup-
tion progressing from lateral to medial. **

In addition to stability derived from bony and capsuloligamentous structures, the
dynamic stability provided by muscles also plays an important role. Dynamic stabi-
lizers are represented by the elbow flexors (M. biceps brachii, M. brachialis and M.
brachioradialis), the elbow extensors (M. triceps brachii and M. aconeus), the forearm
flexor-pronators and the forearm extensors. These muscles span the elbow joint and

support the static stabilizers by applying compressive load over the joint when con-

12,18, 23,27, 2
tracted, > %2> 2728

Dislocations

Elbow dislocations occur as a result of a fall on the outstretched hand and are divided
into simple (i.e. without associated fractures) and complex dislocations (i.e. with asso-
ciated fractures). In contrast to complex dislocations, simple dislocations of the elbow
joint are generally stable following reduction. *** Additionally elbow dislocations can
be classified according to the direction of the displacement of the forearm relative to
the humerus. Posterior and posterolateral elbow dislocations comprise almost 90% of
all elbow dislocations. * ** Posteromedial and medial dislocations are more uncom-
mon, while anterior and divergent dislocations are very rare.

The majority of simple elbow dislocations can be treated non-operatively whereas
complex dislocations usually require surgical intervention in order to reestablish a
concentric and stable joint. Indications for surgery in acute elbow dislocations are
unsucsessful closed reduction, fractures contributing to instability which require open
reduction and internal fixation, intra-articular bone fragments or loose bodies, open
dislocations, concomitant neurovascular injury, or recurrent post-reduction instability
with dislocation. '***7* It is known from previous studies that prolonged immobiliza-
tion following an elbow dislocation leads to stiffness of the joint. *********” The optimal
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after-treatment in terms of whether to immobilize or not, remains a subject of debate

for both simple and complex elbow dislocations.

Associated fractures

Due to disruption of the capsuloligamentous constraints, joint stability following elbow
dislocation is to a large extent dependent of bony articulation. Therefore, the pres-
ence of additional fractures considerably affects post-reduction stability. A commonly
encountered fracture in complex elbow dislocations is the radial head fracture. The
presence of the radial head is especially important in patients with disruption of the
AMCL. Most authors advocate that displaced (>2mm) or comminuted radial head
fractures should be treated by open reduction and internal fixation (ORIF) if this is
feasible and is expected to provide enough stability. Otherwise the radial head should
be excised and replaced by radial head prosthesis. ' ** >3

The coronoid process plays a key role in stability of the elbow. Fractures of this
structure are rarely isolated injuries as they are frequently associated with collateral
ligamentous injury or other fractures. As a rule, coronoid fractures are often pathogno-
monic for a period of instability. '*'”* For instance, a dislocation which is associated
with a fracture of the anteromedial facet of the coronoid process, should lead to a high
level of suspicion for valgus instability as the anteromedial facet serves as an insertion

1622 44 O driscoll et

site for the AMCL, the primary constraint against valgus stress.
al. developed a comprehensive classification for fractures of the coronoid process not
only taking size, but more importantly, also taking anatomic location into account.
Type 1 fractures involve only the tip of the coronoid process. Type 2 fractures involve
the anteromedial facet of the coronoid. Type 3 fractures involve the base and body
of the coronoid. Due to MCL involvement, type 2 fractures are known to jeopardize
stability of the elbow. Likewise, type 3 fractures that involve more than 30% of the
coronoid process can cause serious instability, even with repaired or intact collateral
ligaments. '*'7** % In order to adequately restore elbow stability, coronoid fractures
that are likely to contribute to elbow instability should be considered for open reduc-
tion and internal fixation, '® 73 3% 39424648

An elbow dislocation with the presence of fractures of both radial head and coronoid
process is called a “terrible triad” injury. The combination of fractures with disruption
of ligamentous constraints is associated with considerable instability. Fractures are
frequently managed by ORIF or prosthesis and if instability persists either ligamentous
reconstruction or hinged external may be indicated. '********' Some authors even ad-
vocate standard ligamentous repair. Whether immediate surgical repair of the injured
ligaments in complex elbow dislocations is an absolute requirement, as well as the role

of a hinged external fixator, remain subjects of debate.
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The articulation between the olecranon and trochlea of the humerus is the most im-
portant osseous constraint of the elbow joint. Consequently a fracture of the olecranon
after an elbow dislocation leads to substantial instability. Resection of the olecranon has
been reported, nonetheless stable fixation of the fracture in order to restore the contour

and dimensions of the trochlear notch is the key to optimal treatment. ******

AIM

The general aim of this thesis was to study the optimal treatment for simple and com-
plex elbow dislocations in terms of functional outcome, range of motion, quality of
life, adeverse events and healthcare consumption with associated costs. Furthermore
it aimed to give insight in the trends in incidence and costs of injuries to the upper
extremity in the Netherlands and to validate the Dutch translation of the most com-
monly used elbow questionnaire.
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OUTLINE OF THIS THESIS

General introduction

Chapter 1 provides a general introduction to the subject of this thesis. It elucidates the
anatomical aspects of the elbow and its stability and gives insight into the mechanisms of
elbow dislocations. Furthermore it describes the aim of this thesis. Chapter 2 describes
recent long-term population-based trends in the incidence of upper extremity injuries
in the Dutch population between 1986 and 2008 and gives a detailed overview of the
associated health care costs. Chapter 3 focuses specifically on the trends in incidence
and costs of elbow dislocations between 1986 and 2008.

Treatment and evaluation of simple elbow dislocations

Chapter 4 describes the protocol a randomized controlled trial (RCT) comparing early
mobilization with plaster immobilization in patients with a simple elbow dislocation.
The results of this RCT are discussed in Chapter 5. There are no available studies that
report the burden of simple elbow dislocations on direct and indirect healthcare costs,
let alone whether early mobilization might play a role in reducing these costs. Chapter 6
assesses the cost-effectiveness of early mobilization versus plaster immobilization in
patients with a simple elbow dislocation. Chapter 7 aimed to investigate the reliability,
validity and minimal clinically important difference of the Dutch version of the Oxford
Elbow Score (OES) in patients with non-surgically treated elbow injuries.

Treatment of complex elbow dislocations

Chapter 8 describes the protocol of a multicenter prospective study evaluating func-
tional outcome in patients with acute complex elbow dislocations and residual instabil-
ity, who were treated with a hinged external elbow fixator and early mobilization. The
results of this prospective study are discussed in Chapter 9

General discussion and future perspectives

Chapter 10 discusses the performed research. Furthermore the author hypothesizes
on future perspectives of research in this field with an emphasis on early mobiliza-
tion and a conservative approach towards ligamentous injury after elbow dislocations.
Chapter 11 summarizes the performed research in both English and Dutch.
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ABSTRACT

Background

Upper extremity injuries account for a large proportion of attendances to the Emer-
gency Department. The aim of this study was to assess population-based trends in the
incidence of upper extremity injuries in the Dutch population between 1986 and 2008,
and to give a detailed overview of the associated health care costs.

Methods

Age-standardized incidence rates of upper extremity injuries were calculated for each
year between 1986 and 2008. The average number of people in each of the 5-year age
classes for each year of the study was calculated and used as the standard (reference)
population. Injury cases were extracted from the National Injury Surveillance System
(non-hospitalized patients) and the National Medical Registration (hospitalized
patients). An incidence-based cost model was applied in order to estimate associated
direct health care costs in 2007.

Results

The overall age-adjusted incidence of upper extremity injuries increased from 970 to
1,098 per 100,000 persons (13%). The highest incidence was seen in young persons
and elderly women. Total annual costs for all injuries were 290 million euro, of which
190 million euro were paid for injuries sustained by women. Wrist fractures were the
most expensive injuries (83 million euro) due to high incidence, whereas upper arm
fractures were the most expensive injuries per case (4,440 euro). Major cost peaks were
observed for fractures in elderly women due to high incidence and costs per patient.

Conclusions

The overall incidence of upper extremity injury in the Netherlands increased by 13%
in the period 1986-2008. Females with upper extremity fractures and especially elderly
women with wrist fractures accounted for a substantial share of total costs.



Incidence and costs of upper extremity injuries
BACKGROUND

Upper extremity injuries account for a substantial proportion of all injury patients
visiting the Emergency Departments (EDs). Besides the impact of upper extremity
injuries on health and daily life, they impose an economic burden on the community.

The upper extremity consists of the shoulder (i.e., clavicle and scapula), upper arm
(i.e., proximal humerus and humeral shaft), elbow (i.e., distal humerus, proximal ra-
dius and ulna), forearm (i.e., ulna and radius), wrist (i.e., distal radius and ulna, carpal
bones), and hand (i.e., metacarpal bones and the phalanges). Injuries seen in the upper
extremity include fractures, dislocations, sprains, contusions, wounds, and superficial
lesions.

Population-based knowledge on the economic impact of upper extremity injuries is
essential for the allocation of health care services, optimization of preventive measures
and research purposes; it also provides a forecast for the future. Most epidemiologic
studies on upper extremity injuries primarily focused on one distinct subgroup such
as a separate type of injury, anatomical region, or age group. ''* In most studies, data
from single hospitals or regional data were used >***'>'>'* " Few publications used
a national injury database. *7'*'"'*'® " Data regarding the associated health care
costs are generally lacking. Some studies report direct costs of upper extremity injuries,
mostly fractures. * *** No papers reported on both incidence trends and costs of all
injuries to the upper extremity.

Due to budgetary restraints and increasing costs for health care services, economic
analyses are becoming more important. The aim of this study was to examine recent
long-term population-based trends in the incidence of upper extremity injuries in the
Dutch population between 1986 and 2008 and to give a detailed overview of the associ-
ated health care costs in 2007.

METHODS

Data sources

For this retrospective study data were collected for all upper extremity injuries in The
Netherlands in the period 1986-2008. Upper extremity injuries were defined using
the International Classification of Diseases, ninth revision (ICD-9-CM). All codes in
Chapter 17 (Injuries and Poisoning, codes 800-999) related to fractures (810-819), dis-
location (830-839), sprains and strains (840-848), open wounds (880-887), superficial
injuries (910-919), and contusion (920-924) at the shoulder, arm and wrist area were
included. An overview of the ICD-9-CM codes is shown in Table 1. For this study,
the upper extremity was separated into shoulder, arm, and wrist. The shoulder region
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included the clavicle and scapula. The arm region included the upper arm, the elbow,
and the forearm. The wrist region included the distal radius, the distal ulna, and the
carpal bones.

Table 1. Injuries to the shoulder, arm, and wrist as encoded in the ICD-9-CM

Type of injury ICD-9-CM codes
Shoulder
Fracture clavicle/shoulder 810, 811
Dislocation shoulder/AC-joint 831
Open wound clavicle/shoulder 880.00, 880.01
Superficial injury/contusion clavicle/shoulder 912, 923.00, 923.01
Arm
Fracture upper arm 812.0, 812.1, 812.2, 812.3
Fracture elbow 812.4, 812.5, 813.0, 813.1
Dislocation elbow 832
Fracture forearm 813.2,813.3, 813.45, 813.8, 813.9
Open wound arm 881.00, 881.01
Superficial injury/contusion arm 923.1
Wrist
Fracture wrist 813.40, 813.41, 813.42, 813.44, 813.51, 813.52, 813.54, 814
Sprained/dislocated wrist 833, 842
Open wound wrist 881.02, 882
Superficial injury/contusion wrist 914,923.2

Injury cases were extracted from the National Injury Surveillance System (LIS) ** and
the National Medical Registration (LMR) **, to include non-hospitalized and hospital-
ized patients, respectively. The LIS is based upon 13 geographically distributed Emer-
gency Departments (EDs) in the Netherlands, resulting in a representative 12% sample
of injury-related ED visits. The adherence population of the participating hospitals in
this study is representative for the Dutch population in age and gender structure. ** The
LMR collects data from all Dutch hospitals regarding hospital admissions, admission
diagnosis, length of hospital stay, gender, age, and trauma mechanism. With a missing
value rate of less than 5% (except 12% for 2007), the LMR data have almost complete
national coverage, and were extrapolated to full national coverage. **

Calculation of incidence rates and trends

The age-specific incidence rates were calculated in 5-year age groups. For each age
group the absolute number of upper extremity injuries was registered in the LIS da-
tabase. Because the absolute number was obtained from a sample, the figures were
weighted in order to create national estimates. An extrapolation factor was estimated
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by comparing the number of admitted injury patients in the LIS database with the
total number of admitted injury patients as recorded in the LMR. The age- and sex-
specific incidence rates per 100,000 person years were calculated based upon the Dutch
mid-year standard population. The mid-year population sizes for all age-groups were

% “Direct standardization” was used in order to

obtained from Statistics Netherlands.
calculate age-adjusted incidence rates. >’ The average number of people in each of the
5-year age classes for each year of the study (1986-2010) was calculated. This number
was used as the standard (reference) population, as described previously. **° The over-
all growth in the number of hospital admissions was calculated for 2008 in percents

relative to the year 1986.

Calculation of costs

The incidence-based Dutch Burden of Injury Model was used in order to measure
and describe the health care costs resulting from injuries occurring during a specified
period. 7’ For each individual injury group patient numbers, health care consumption,
and related costs were calculated using the LIS database, the National Hospital Dis-
charge Registry, and a patient follow-up survey conducted in 2007. *"** In this model,
the age- and injury-specific costs are based upon the estimated health care supplied to
the individual patients. Health care costs of injuries were calculated by multiplication
of the incidence, health care volumes (e.g., length of stay in hospital or institution, the
number of outpatient visits, General Practitioner visits, home care hours, and physical
therapy treatments), and unit costs (e.g., costs per day in hospital). All unit costs were
estimated according to national guidelines for health care costing. ** All costs in this
study were calculated over the year 2007. Costs are calculated every five years; the 2007
data were the most recent data available. Despite the 12% of missing data entries for
2007, detailed cost information was available for all patients in the database.

RESULTS

Incidence

Between 1986 and 2008, a total number of 3,711,600 patients (1,844,300 males and
1,867,300 females) visited an ED with an upper extremity injury, comprising 42% of the
total injury-related ED visits in The Netherlands. The overall (i.e., males and females
combined) age-adjusted incidence of upper extremity injuries increased by 13%, from
970 in 1986 to 1,098 in 2008, with a peak in 1999 of 1,250 per 100,000 persons (Figure
1). Since 2005, the incidence increased again, especially in children.

Injuries to the upper extremity appeared to be age- and gender-related. Women were
more likely to sustain an injury to the upper extremity. Over the past two decades, a
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mean incidence rate for women of 1,042 per 100,000 person-years was seen, compared
with 987 per 100,000 for men (Figure 1). Both boys and girls in the age of 5-14 years
had a relatively high incidence of upper extremity injuries, especially of the wrist and
arm (Figure 2). From the age of 45 onwards, the incidence rate of upper extremity

injuries in females increased. In older males, this peak was visible from the age of 80
years onwards.

Figure 1. Age-adjusted incidence (per 100,000 person-years) of upper extremity injuries in the period 1996-
2008. Data are shown for males and females separately.
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Figure 2. Age-adjusted incidence (per 100,000 person-years) of upper extremity injuries in the period 1996-
2008. Data are shown by age and gender (A) or anatomic location (B).
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The relatively high incidence of upper extremity injuries among boys (aged 10 - 14
year) was mainly attributable to wrist fractures; 1,157 per 100,000 person-years (Figure
3); dislocations and fractures of the shoulder/clavicle were also abundant. Most upper
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extremity injuries in older women resulted in a fracture, mainly in the wrist and to a
lesser extent also in the upper arm (Figures 2B and 3). Superficial injuries/contusions
were the most abundant injury in the arm region (32% in males, 33% in females),
followed by fractures of the forearm (21% and 20%). Fracture injuries were mainly
observed injury in the wrist and shoulder areas and were seen in 61% and 41% of
the injuries to the wrist and shoulder, respectively. Wrist fractures occurred more fre-
quently in females than in males (290 versus 206 per 100,000). During the study period,
the incidence of wrist fractures increased by 24% in males and by 10% in females.

Figure 3. Age-adjusted incidence (per 100,000 person-years) of the shoulder (A-B), arm (C-D) and wrist (E-F)
by age. Data for 2007 are shown. Data are shown for males (A, C, E) and females (B, D, F) separately.
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Costs

The total health care costs of upper extremity injuries in The Netherlands were €290
million a year, of which 190 million euro were paid for injuries sustained by women
(66%; Table 2). Mean costs per patient were €1,150 for males and €2,180 for females.
The total health care costs varied substantially between the different injury subtypes.
Overall, fractures comprised 53% of all upper extremity injuries but accounted for 76%
of the total costs.

Women with wrist fractures accounted for 21% of total costs of upper extremity
injuries. The total health care costs for wrist fractures were €83 million making them
the most expensive injuries. This seemed mainly attributable to the high incidence
(Table 2). Upper arm and shoulder fractures represented 5% and 10% of all injuries,
respectively. However, with total costs of over €40 million each, they were the second
and third most expensive injuries. Fractures of the wrist, shoulder, and upper arm ac-
counted for almost 60% of total costs. With average costs of €4,440 per case, upper arm
fractures represented the most expensive injury per case in both men and women.

A substantial difference in costs between males and females was noted. For almost
all injury groups total costs were higher for females, except for open wounds (Table 2).
Costs were generally higher due to higher incidence rates and higher mean costs. An
average upper extremity injury in women aged 65 years or older was with €4,310 per
case approximately €1,400 more expensive than the same injury in men.

Figure 4 shows the total cost per type of injury by gender for three age groups. Al-
though the total costs for the male population under the age of 65 was slightly higher
than for their female peers, the total costs for females aged 65 years or older was almost
seven times higher than the corresponding age group in males, mainly due to fractures
and dislocations.
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Table 2. Total cost and cost per case of all injuries of the upper extremity

Overall Males Females
g~ g~ 5 ~
$ - a5 _ a5 _ 2L
g £2. 233 § S8 %% 8 £3. 2%
Z ES¥ O38 Z ES¥ o8 4 ES¥ o8
Shoulder 38,776 70,418,210 1,820 23,324 29,811,080 1,280 15,452 40,607,130 2,630

Fracture 16,647 42,422,680 2,550 9,646 16,434,470 1,700 7,001 25,988,220 3,710
Dislocation 10,167 17,499,320 1,720 6,938 8,643,750 1,250 3,229 8,855,570 2,740

Open wound 281 282,830 1,010 215 222,210 1,030 66 60,620 920

Superficial injury/ 11,681 10,213,380 870 6,524 4,510,650 690 5,156 5,702,720 1,110
contusion

Arm 67,674 121,060,450 1,790 32,652 41,426,120 1,270 35,022 79,634,330 2,270

Fracture upper arm 9,038 40,143,150 4,440 3,088 8,789,630 2,850 5,949 31,353,520 5,270
Fracture elbow 11,809 28,225,280 2,390 5,163 8,517,370 1,650 6,646 19,707,910 2,970
Dislocation elbow 3,625 4,174,760 1,150 1,482 1,478,510 1,000 2,143 2,696,250 1,260
Fracture forearm 11,266 25,894,070 2,300 5,992 12,034,840 2,010 5,274 13,859,220 2,630
Open wound 9,542 8,277,780 870 6,327 4,893,220 770 3,215 3,384,570 1,050

Superficial injury/ 22,395 14,345,420 640 10,600 5,712,550 540 11,795 8,632,870 730
contusion

Wrist 67,540 98,791,390 1,460 30,630 28,584,230 930 36,910 70,207,160 1,900
Fracture 44,019 83,208,720 1,890 18,819 21,657,900 1,150 25,200 61,550,820 2,440

Sprain 2,478 1,946,670 790 1,172 852,820 730 1,306 1,093,860 840
Open wound 3,305 3,127,140 950 2,288  1,955250 850 1,017 1,171,890 1,150

Superficial injury/ 17,737 10,508,860 590 8,350 4,118,270 490 9,387 6,390,590 680
contusion

Total 173,989 290,270,050 1,670 86,605 99,821,440 1,150 87,384 190,448,620 2,180

Figure 4. Total costs related to injuries of the shoulder, arm and wrist. Data for 2007 are shown, subdivided into
three age groups for males and females.
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DISCUSSION

Upper extremity injuries accounted for 42% of all injury-related visits to the Emer-
gency Departments (EDs). In the past 25 years the overall incidence of upper extremity
injuries in the Netherlands increased by 13%. Throughout the years, the incidence was
age and gender related. The increase in incidence of upper extremity injuries is most
evident in patients aged 60 years and above. Fractures are the most expensive type of
injury, especially in women.

Our data demonstrate an evident influence of age and gender on the incidence of cer-
tain upper extremity injuries. The 10-14 year old boys group is prone to wrist fractures,
as shown before. ** ** During this age, an increased calcium demand combined with
maximal skeletal growth and an increased physical activity leads to more fractures. **
Young males have a higher upper extremity injury incidence than females of the same
age, which seems in line with previous findings that young males experience more road
traffic incidents and sports trauma. > Women suffer significantly more fractures
when aged 65 years and over, which seems attributable to the increasing occurrence
of postmenopausal osteoporosis in elderly women. *®'>* An equal rise in humeral
fractures in females of this age-group supports this. In addition, the higher rate of falls
may also explain the rise in fractures in the elderly. ***

Several studies describe incidence rates on injuries that were also included in the
current study. Since these used another reference population form the standardization,
absolute numbers may differ. However, trends remain indicative. Lofthus et al. reported
that incidence rates on wrist fractures in females aged 50 and over range from 554 to
1,098 per 100,000. '° This seems slightly higher than the incidence found in our study
(average 489, range 430-621 per 100,000), but this may be due to differences in the
reference population. In literature, dislocation of the glenohumeral joint ranged from
11.2-27.0 per 100,000 person years. '**”* This is lower than the incidence (51.2 per
100,000) found in our study, which also contained dislocation of the acromioclavicular
joint. In accordance with our data, all studies displayed a higher incidence of shoulder
dislocations in men than in women. '**

Even though the age-adjusted incidence rates for men and women were similar, the
total costs of upper extremity injuries for females almost doubled those of males. This
huge difference is for a considerable part attributable to the higher costs per case in
females and the female preponderance in the older Dutch population (Statistics Neth-
erlands). ** Over 75% of total costs were attributable to fractures, making them the
most expensive injuries. The majority of the costs for fractures were accounted for by
women (69%). Fractures were expected to have the highest costs of all injuries, due to
possible hospital admissions, surgical intervention, plaster treatment, X-rays, longer
rehabilitation, and physical therapy. An explanation for the extensive costs of fractures
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in the elderly females could be that osteoporotic bones of postmenopausal women
fracture more severely. * Such fractures may require more radiological evaluation and
more extensive or expensive surgical interventions. Also, new surgical techniques may
have lowered the threshold for surgical interventions. In addition, surgery performed
in osteoporotic bone has a higher failure rate which may result in an increased rate
of revision surgeries. * A final explanation for the higher costs of fracture care in the
elderly women could be that they outlive their partners, which may increase the chance
of extended nursing home admission or home care.

To the best of our knowledge, this is the first population-based study to show trends
in incidence and cost of fourteen different injuries of the upper extremity at a national
level. A few other studies presented cost information of upper extremity injuries, of
which most concern high-risk groups **' or economic evaluation studies of treatment
interventions. ***' Only Meerding et al. calculated costs of fractures of the wrist, the
clavicle/shoulder, and the upper arm in the Netherlands. ' After applying a correction
for inflation, Meerding et al. reported €1,080 for wrist fractures, €1,130 for clavicle/
shoulder fractures, and €3,200 for upper arm fractures, as opposed to €1,890, €2,550
and €4,440, respectively, in the current study. The higher costs as observed in the cur-
rent study may be attributable, at least partly, to a higher number of patients receiving
operative treatment for fractures. Higher current costs for (new or improved) implants
can also not be ruled out. Finally, recent improvement in the data sources on home and
nursing care and on operative interventions may have resulted in a more accurate, most

likely higher, estimate of costs in our study.

The main strength of our study is that we used up-to-date population-based data over a
longer, continuous time-period. The use of data from a representative national sample
of outpatients using data from a national registry is a more reliable representation of
the health care problem than extrapolating data from one clinical trial or one hospital
only. ** Although the registrations in the LIS-database only cover 12% of the Dutch
population, international validation studies have shown that the mathematical model
that was applied for the calculation of the overall Dutch data has a high level of com-
pleteness and validity. Meerding et al. showed that there was a close agreement between
de cases recorded in the LIS and the hospital’s discharge system. * Lyons et al. reported
that there was a particularly good agreement between the extrapolated data from the
LIS and the actual incidences of hospital admissions for injuries. ** Another strength
of our study is that it presents comprehensive estimates of health care costs, including
all relevant health care sectors (i.e., hospital inpatient care, medical procedures, reha-
bilitation clinics, and nursing homes). The model uses data from the LIS, the National

Hospital Discharge Registry, and a patient follow-up survey conducted in 2007. Unfor-

35



36 | Chapter 2

tunately, when performing the follow-up survey, it was not known that 2007 was a year
with relatively more missing data. However, due to the very large sample of the survey
and the use of a uniform coding method, it was possible to compare the healthcare use
and related healthcare costs of all types of upper extremity injuries. **

A limitation of the cost model is that indirect health care costs, such as absenteeism
and work disability were not taken into account. This could be a suggestion for future
research. Furthermore, there may be some statistical uncertainty due to underreporting
of combined injuries. For example, patients with wounds concomitant with a fracture
will be reported as fractures, not as wounds. Moreover, only patients who visited the
ED were recorded in the LIS and LMR databases. Therefore patients who visited their
general practitioner were not included.

CONCLUSIONS

There has been a 13% rise in incidence of upper extremity injuries in the Netherlands
over the past two decades. These injuries constitute a substantial part of all injury-
related ED visits and impose a burden on health care costs. The incidence of upper
extremity injuries seems strongly age and gender related. Fractures are the most com-
mon injuries and they impose the greatest burden on health care costs, especially in
women. Current treatment programs of especially frequently occurring injuries and
injuries associated with high costs need to be evaluated in order to assess if health care
cost reduction is feasible.
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Incidence and costs of elbow dislocations
BACKGROUND

Elbow dislocations account for approximately 11 to 28% of all injuries to the elbow
and reported incidence rates in literature vary between 5.2 and 6.1 per 100,000 per-
son years. 4 However, there is no available data on the trend in incidence of elbow
dislocations. The same accounts for the associated healthcare costs. The aim of this
sub-analysis of data from a previously published article * was to examine the recent
long-term population-based incidence trend of elbow dislocations in the adult Dutch
population between 1986 and 2008 and to give a detailed overview of the associated
health care costs in 2007.

METHODS

For this retrospective study we used data of a previously published study that reported
on both incidence trends and costs of all injuries to the upper extremity. ° Injuries
were defined using the international Classification of Diseases, ninth revision (ICD-
9-CM) and were extracted from the National Injury Surveillance System (LIS) ¢ and
the National Medical Registration (LMR). ” All unit costs were estimated according to
national guidelines for health care costing. ® All costs in this study were calculated over
the year 2007 as these were the most recent data available. A more detailed description
of the data collection and the calculation of incidence trends and costs can be found in

the original article. °

RESULTS

Incidence

Between 1986 and 2008 16.239 patients reported to the emergency department with
elbow dislocations. The incidence rate of elbow dislocations varied from 4 to 7 per
100.000 person years between 1986 and 2008 and demonstrated a rather stable trend
over this period (Figure 1A). The mean incidence rate was 5.6 per 100.000 person years.
Two relative peaks in incidence rate were observed; one in the young adult male and
female population (aged 15 - 19 years) and a second in middle aged females (aged
50 - 70 years; Figure 2B).
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Figure 1. Incidence-rate of elbow dislocations in The Netherlands
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Costs

The total costs for elbow dislocations were € 1.63 million per year. The majority of
these costs were accounted for by the female population (€ 1.14 million versus € 0.49
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million). The average costs per case were € 2.555 and costs per case were higher for

females than for men (€ 3.174 versus € 1.751).

Figure 2. Costs for elbow dislocations in The Netherlands
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Incidence and costs of elbow dislocations
DISCUSSION

The mean incidence rate for elbow dislocations in the adult population between 1986
and 2008 was 5.6 per 100.000 person years with a preponderance for females. The total
costs for elbow dislocations were €1.63 million. The average costs per case were € 2.555.

The incidence rate for elbow dislocations in current analysis resembled those of
previous studies which ranged from 5.2 to 6.1 per 100,000 person years. ' For this
sub-analysis only patients of 18 years of age and older were included as this was most
applicable to the population as will be discussed in this thesis. This implies that nurse-
maids elbows and elbow dislocations in children and the adolescent population are
not taken into account. Furthermore, there may be some statistical uncertainty due
to underreporting of combined injuries. For example, patients with complex elbow
dislocations (with associated fractures) might have been reported as fractures instead
of elbow dislocations. This may have led to underestimation of the incidence rate.

To the best of our knowledge this is the first report on the associated healthcare costs
for elbow dislocations. The total costs for elbow dislocations in females doubled those of
males. This was mainly attributable to both a higher incidence rate and higher costs per
case for females. Higher costs per case could be explained by osteoporotic changes in
the female population leading to a higher rate of complex elbow dislocations. Complex
elbow dislocation are challenging injuries which often require operative treatment and
longer follow-up, consequently increasing costs per case and therewith total costs. *'?
This might also explain the fact that costs per case of elbow dislocations (€ 2.555) did
not differ from those of elbow fractures (€ 3.297; data not shown) as much as one would
expect. This study did not take into account indirect health care costs, such as absentee-
ism and work disability. This may have led to an underestimation of the total costs.

Although not the most common of injuries, costs per case for elbow dislocations
approximate those of elbow fractures. Detailed information on healthcare costs are
gaining importance as the burden of health care costs threatens to exceed the financial
resources available. Moreover, accurate incidence rates are valuable for research pur-
poses. It is helpful in the estimation of the duration and feasibility of a trial.
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ABSTRACT

Background

Elbow dislocations can be classified as simple or complex. Simple dislocations are char-
acterized by the absence of fractures, while complex dislocations are associated with
fractures. After reduction of a simple dislocation, treatment options include immobili-
zation in a static plaster for different periods of time or so-called functional treatment.
Functional treatment is characterized by early active motion within the limits of pain
with or without the use of a sling or hinged brace. Theoretically, functional treatment
should prevent stiffness without introducing increased joint instability. The primary
aim of this randomized controlled trial is to compare early functional treatment versus
plaster immobilization following simple dislocations of the elbow.

Methods/Design

The design of the study will be a multicenter randomized controlled trial of 100 patients
who have sustained a simple elbow dislocation. After reduction of the dislocation,
patients are randomized between a pressure bandage for 5-7 days and early functional
treatment or a plaster in 90 degrees flexion, neutral position for pro-supination for a
period of three weeks. In the functional group, treatment is started with early active
motion within the limits of pain. Function, pain, and radiographic recovery will be
evaluated at regular intervals over the subsequent 12 months. The primary outcome
measure is the Quick Disabilities of the Arm, Shoulder, and Hand score. The second-
ary outcome measures are the Mayo Elbow Performance Index, Oxford elbow score,
pain level at both sides, range of motion of the elbow joint at both sides, rate of sec-
ondary interventions and complication rates in both groups (secondary dislocation,
instability, relaxation), health-related quality of life (Short-Form 36 and EuroQol-5D),
radiographic appearance of the elbow joint (degenerative changes and heterotopic os-
sifications), costs, and cost-effectiveness.

Discussion

The successful completion of this trial will provide evidence on the effectiveness of a
functional treatment for the management of simple elbow dislocations.

Trial Registration

The trial is registered at the Netherlands Trial Register (NTR2025).



FuncSiE-trial protocol | 53
BACKGROUND

The elbow joint is the second most commonly dislocated joint in adults. The annual in-
cidence of elbow dislocations in children and adults is 6.1 per 100,000. ' Elbow disloca-
tions are classified as simple or complex. > Simple dislocations are dislocations without
fractures. Complex dislocations are associated with (avulsion) fractures of the distal
humerus, radial head, ulna, or coronoid process. Conn et al. observed 414 injuries of
the elbow, which included 58 elbow dislocations in both children and adults. * In 51%
of these patients, the dislocations were of the simple type. Josefsson et al. observed 24
simple elbow dislocations in 52 patients (46%) who were 16 years old and older. *

Elbow dislocations can also be classified by the direction of their displacement, i.e.,
posterior or anterior. Posterior dislocations can be subdivided into medial and lateral
dislocations. Anterior dislocations are very rare. In the study by Conn et al., 96% of the
dislocations were of the posterior or lateral type.” Moreover, Josefsson et al. observed
no anterior dislocations in 52 elbow dislocations.*

Different treatment modalities can be applied following reduction, including plaster
immobilization, surgical treatment of ruptured collateral ligaments, functional treat-
ment, or combinations. There is little available literature about treatment of elbow dis-
locations. One randomized controlled trial (RCT) was identified in which suture repair
of the collateral ligaments was compared with conservative treatment with plaster.
No differences were found for loss of extension and flexion after more than one year,
although a trend was found for enhanced flexion at five and ten weeks for the plaster
group. However, this study lacked power, with a sample size of only 14 patients in each
arm. When comparing functional treatment versus plaster immobilization, only one
RCT was retrieved from the literature.® Extension and flexion of the elbow did not
differ between the groups after one year. Nevertheless, a difference in elbow extension
was observed at three months, favoring the patients treated functionally. Furthermore,
when two observational studies were pooled comparing functional treatment with
plaster immobilization, functional treatment showed a statistically significant better
result for pain and range of motion (ROM).”*

Three observational studies comparing different periods of plaster immobilization
after reduction showed a larger ROM after shorter immobilization, but this finding
was statistically significant in only one study. >'' Moreover, these studies may be con-
founded by the severity of the injury, as worse cases were probably immobilized longer.

An important question following reduction of simple elbow dislocations is whether
or not the elbow is stable. Signs of instability are redislocation, a positive pivot shift
test, positive valgus and varus stress testing, and radiographic incongruence. In the
studies described above, stability testing was either not performed, or the tests differed
between the studies. In these eight studies, only one recurrent dislocation after plaster
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treatment was mentioned ” (i.e., one recurrence in 342 patients (0.3%)), and signs of
gross instability were not mentioned. Therefore, we conclude that the majority of the
patients included in these studies had simple dislocations, which remained stable after
reduction. For this type of dislocation, literature suggests that plaster immobilization
for more than two weeks following reduction may lead to limited ROM. '** Therefore
some authors state that early functional treatment should be the treatment of choice.
Functional treatment is defined as early active movements within the limits of pain
with or without the use of a sling or a hinged brace. **

A recent electronic survey of 90 trauma surgeons in the Netherlands revealed that
60% of the patients with a simple elbow dislocation were generally treated with plaster
immobilization for three weeks or longer. **

The primary objective of this study is to compare the Quick-DASH (Disabilities of
the Arm, Shoulder, and Hand) questionnaire scores after functional treatment versus
plaster immobilization in adult patients who sustained a simple elbow dislocation.
Secondary aims are to examine the effect of functional treatment versus plaster immo-
bilization on functional outcome (Mayo Elbow Performance Index (MEPI) and Oxford
elbow score), the level of pain (Visual Analog Scale (VAS)), ROM, the rate of secondary
interventions and complications, health-related quality of life (Short Form-36 (SF-36)
and EuroQol-5D (EQ-5D)), costs, and cost-effectiveness in these patients.

METHODS AND DESIGN

Study design

The FuncSiE trial will follow a multicenter, randomized controlled trial design. Twenty-
five centers in the Netherlands will participate. The study started August 26, 2009.

Recruitment and consent

Eligible patients presenting to the emergency department (ED) with a simple elbow
dislocation will be informed about the trial at the ED after reduction of the dislocated
elbow. They will receive written information and a consent form from the attending
physician, the clinical investigator or a research assistant. After providing informed
consent, eligible patients will be randomized within one week. Participants will be al-
located to one of two treatment arms using a web-based randomization program that
will be available 24 hours a day. Variable block randomization will be accomplished via
a trial website. Allocation will be at random.

It is not possible to blind surgeons and patients for the allocated treatment. In order
to reduce bias, an independent researcher without knowledge of the prescribed treat-
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ment will perform follow-up measurements. In addition, radiographs will be blinded
and evaluated in duplicate, and analysis will be done in a blinded fashion.

Study population

All persons aged 18 years or older presenting with a simple elbow dislocation at the
Emergency Departments of the participating clinics are eligible for inclusion.

Patients meeting the following inclusion criteria are eligible for enrolment:
Adult men or women aged 18 years and older (with no upper age limit)
A simple dislocation of the elbow (i.e., without associated fracture) that can be
reduced by closed means. Presence of a dislocation and absence of fracture(s) will
be confirmed by a plain X-ray
Provision of informed consent by patient

If any of the following criteria applies, patients will be excluded:
Polytraumatized patients
Patients with complex, pathological, recurrent or open dislocations
Additional traumatic injuries of the affected arm
Patients undergoing surgical repair of collateral ligaments of the dislocated elbow
joint
Patients with an impaired elbow function (i.e., stiff or painful elbow or neurological
disorder of the upper limb) prior to the injury
Retained hardware around the affected elbow
History of operations or fractures involving the elbow
Patients with rheumatoid arthritis
Likely problems, in the judgment of the investigators, with maintaining follow-up
(e.g., patients with no fixed address)
Insufficient comprehension of the Dutch language to understand a rehabilitation
program and other treatment information, which will be judged by the attending
physician

Exclusion of a patient because of enrolment in another ongoing drug or surgical in-
tervention trial will be left to the discretion of the attending surgeon on a case-by-case
basis.
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Intervention

Reduction can be performed under general, regional, or local anesthesia or without
anesthesia, depending upon the preference of the surgeon. The method of choice will
be recorded, but not standardized.

Following reduction, the affected arm will be put in either a pressure bandage (e.g.,
Tubigrip) or a plaster of Paris for three weeks. Both treatment groups will be advised
to use a sling; 5-7 days for the functional group, and up to three weeks in the plaster
group.

In the functional group, early active movements within the limits of pain are al-
lowed. Patients will be free to select their own physical therapist. Physical therapy is
commenced after two days according to a predefined protocol. Patients will be asked
to hand over to their physical therapist the following instructions. Exercises will be
performed in a supine overhead position with the shoulder flexed at 90°. When coming
into the overhead position, the shoulder is held in adduction and neutral to external
rotation. The arm is not allowed to cross the midline. This position is controlled by
holding the wrist with the healthy hand. In the supine position, with the shoulder in 90°
of forward flexion and the forearm maintained in pronation (with the forearm resting
on the forehead), gentle active assisted supination and pronation is performed. The
second exercise is performed in the same position. The shoulder is placed in 90° of
forward flexion and the elbow in 90° or more flexion. The forearm is held in full prona-
tion. Gentle active and active assisted elbow flexion to full range and elbow extension
are performed as tolerated and are not to exceed 30°. After three weeks, the sling will be
removed, and the supine exercises will be replaced by active and active assisted elbow
and forearm motions in the sitting or standing positions.

The plaster group is immobilized for three weeks and after removal of the plaster
physical therapy is initiated according to the same protocol as described above.

Outcome measures

The primary outcome measure is the Quick-DASH (Disabilities of the Arm, Shoul-
der and Hand) score, which reflects both function and pain."”” The DASH Outcome
Measure is a validated 30-item, self-reported questionnaire designed to help describe
the disability experienced by people with upper-limb disorders and also to monitor
changes in symptoms and function over time. '*'°

The Quick-DASH is a shortened version of the DASH Outcome Measure. Instead of
30 items, the Quick-DASH uses 11 items (scored 1-5) to measure physical function and
symptoms in people with any or multiple musculoskeletal disorders of the upper limb.
The right and left elbow will be assessed separately. At least 10 of the 11 items must be
completed for a score to be calculated. The scores will be transformed to a 0-100 scale

for easy comparison. A higher score indicates greater disability.
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Like the DASH, the Quick-DASH contains 2 optional modules to measure symptoms
and function in athletes, performing artists and other workers whose jobs require a
high degree of physical performance. These optional models are scored separately; each
contains four items, scored 1-5. All items must be completed for a score to be calculated.

The secondary outcome measures are:
Functional outcome (Mayo Elbow Performance Index and Oxford Elbow Score)
Pain level at both sides (VAS)
Range of Motion of the elbow joint at both sides
Rate of secondary interventions
Rate of complications (secondary dislocation, instability, relaxation)
Health-related quality of life: SF-36 and EQ-5D
Radiographic appearance of elbow joint (degenerative changes and heterotopic os-
sifications)
Cost
Cost-effectiveness

The MEPI index is one of the most commonly used physician-based elbow rating
systems. This index consists of five parts: pain (with a maximum score of 45 points),
ulnohumeral motion (20 points), stability (ten points), the ability to perform five func-
tional tasks (5x5 points) and the patient response. If the total score is between 90 and
100 points, it is considered excellent; between 75 and 89 points, good; between 60 and
74 points, fair; and less than 60 points, poor.

The Oxford elbow score is a 12-item questionnaire. It is comprised of three one-di-
mensional domains: elbow function, pain and social-psychological, with each domain
comprising 4 items with good measurement properties. '* This is a validated question-
naire in the UK and was translated to Dutch by the proper translation procedure, which
uses the technique of translation and back-translation. ' Permission for translation and
the use of the OES for this study was obtained from Oxford and Isis Outcomes, part of
Isis Innovation Limited (website: http://www.isis-innovation.com/).

Pain level will be determined using a 10-point Visual Analog Scale (VAS), in which
zero implies no pain and ten implies the worst possible pain.

ROM will be measured on both sides using a goniometer.

Secondary interventions within one year of initial treatment to relieve pain or
improve function will be recorded. This includes secondary revision of collateral liga-
ments and external fixator placement.

Complications within one year of initial treatment will be recorded. These include
redislocation, pressure necrosis (plaster group only), post-traumatic dystrophy, and
neurologic deficit.
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The Short-Form 36 (SF-36) is a validated multi-purpose, short-form health survey
with 36 questions that represent eight health domains that are combined into a physical
and a mental component scale. * The Physical Component Scale (PCS) combines the
health domains of physical functioning (PF; ten items), role limitations due to physical
health (RP; four items), bodily pain (BP; two items), and general health perceptions
(GH; five items). The Mental Component Scale (MCS) combines the health domains
of vitality, energy, or fatigue (VT; four items), social functioning (SF; two items), role
limitations due to emotional problems (RE; three items), and general mental health
(MH; five items). Scores ranging from zero to 100 points are derived for each domain,
with lower scores indicating poorer function. These scores will be converted to a norm-
based score and compared with the norms for the general population of the United
States (1998), in which each scale was scored to have the same average (50 points) and
the same standard deviation (ten points).

The EuroQol-5D is a validated questionnaire for health-related quality of life. " **

Radiographic appearance (anteroposterior and lateral X-ray at one year): heterotopic
ossification will be classified according the classification scheme of Broberg and Mor-
rey as a bone exostosis or as a soft tissue ossification of a ligament, capsule or muscle
(“myositis ossificans”) **; degenerative changes will be classified as grade zero (no
change), grade 1 (slight narrowing of the joint space with small osteophytes), grade 2
(moderate narrowing of the joint space, osteophytes and subchondral sclerosis), and
grade 3 (severe narrowing of the joint space, large osteophytes, subchondral sclerosis
and cystic deformation).

The incremental cost-effectiveness ratio of functional versus plaster treatment will be
expressed in a cost-utility ratio, i.e., in terms of cost per QALY. The economic evalu-
ation will be performed from a societal perspective, and will include both health care
costs and costs of production losses. Health care costs will include costs of general
practice care, medical specialist care, physical therapy, hospitalization, medication, and
other costs directly associated with diagnosis, treatment and rehabilitation. Patients
will be asked to administer a custom-made questionnaire to register their health care
needs and production loss.

In addition to the outcome variables mentioned above, the following data will be col-
lected:
Intrinsic variables (baseline data): age, gender, American Society of Anesthesiolo-
gists’ ASA classification, tobacco consumption, alcohol consumption, comorbidity,
social status / household composition, dominant side, and medication use.
Injury related variables: affected side, mechanism of injury, and assessment of varus,
valgus and posterolateral rotatory instability.
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Intervention-related variables: reduction delay (i.e., time between dislocation and
reduction), time between injury and start of physical therapy, days of sling use, and
number of physical therapy sessions

Study procedures [Table 1]

Clinical assessments will occur at the time of admission (baseline), one week (3-10-day
window), three weeks (11-28-day window), six weeks (4-8-week window), three months
(11-15-week window), six months (5-7-month window), and 12 months (12-14-month
window) after start of treatment.

At each FU visit, the research coordinator or research assistant will ascertain patient
status (i.e., secondary interventions, adverse events/complications, deaths) and will
verify information within medical records.

At each FU visit, the patients will be asked to indicate the pain level on a VAS.

At each visit from six weeks onwards, the ROM of the elbow will be measured using
a goniometer by a doctor blinded for the treatment of the dislocation. This will be
used to calculate the MEPI index. In addition, patients will be asked to complete the
questionnaires relating to disability (Quick-DASH score including optional modules,
Oxford Elbow Score), health-related quality of life (SF-36, EQ-5D), and healthcare
consumption.

Plain X-rays of the elbow will be made at the time of presentation in the hospital
(baseline), post-reduction, and at the follow-up visit after one week and one year. The
X-ray at 12 months will be taken in order to determine the amount and location of
heterotopic ossification and the grade of degenerative joint changes. This is common
practice in this type of patient. At the last visit, the surgeon will document any surgery
that may be planned for the patient.

Sample size calculation

Calculation of the required sample size is based upon the assumption that the mean
Quick-DASH will be 12.5 in plaster treated patients and five in the functional group,
assuming a standard deviation of 15 for the plaster group and 7.5 for the functional
group. " A 2-sided test with an a level of 0.05 and a § level of 0.2 requires 41 patients
in each group. Anticipating a dropout rate of 20% loss to follow-up a sample size of 50

patients in each arm is required.

Statistical analysis

Data will be analyzed using the PASW Statistics version 18.0.1 or higher (SPSS, Chicago,
Ilinois, USA). Normality of continuous data will be tested with the Shapiro-Wilk and
Kolmogorov-Smirnov test and by inspecting the frequency distributions (histograms).
The homogeneity of variances will be tested using the Levene’s test.
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The analysis will be performed on an intention to treat basis. Patients with protocol
violations will be followed up, and data will be recorded. Data will be analyzed with and

without inclusion of patients with protocol violation.

Table 1. Schedule of events
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Screening X
X-ray X X X X
Informed Consent X
Randomization X
Baseline data X
Clinical follow-up X X X X X X
Revisision surgery X X X X X X
Complications X X X X X X
Pain (VAS) X X X X X X
Quick-DASH X X X X
MEPI X X X X
Oxford Elbow Score X X X X
SE-36 X X X X
EQ-5D X X X X
Health care consumption X X X X
ROM X X X X

;
x
x
x
x
x

Early withdrawal

*, only if applicable

Descriptive analysis will be performed to report baseline characteristics (intrinsic
variables and injury-related variables) in both treatment groups. For continuous data
(e.g., age, Quick-DASH score at baseline) mean + SD (parametric data) or medians and
percentiles (non-parametric data) will be calculated. For categorical data (e.g., gender,
ASA grade, alcohol and tobacco consumption, dominant and affected side) frequencies
will be calculated.

The mean difference between the mean Quick-DASH scores of the functional group
and the plaster group will be tested. Univariate analysis will be performed to test the
difference in the primary and secondary outcome measures between the functional and
the plaster groups. Continuous data will be tested using a Student’s T-test (parametric
data) or a Mann Whitney U-test (non-parametric data). Chi-square analysis will be
used for statistical testing of categorical data. A p-value <0.05 will be taken as the

threshold of statistical significance.
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A multivariable linear regression analysis will be performed to model the relationship
between different covariates and the Quick-DASH score. Intrinsic and injury-related
variables that display a p-value <0.5 in the univariate analyses will be added as a covari-
ate.

Ethical considerations

The study will be conducted according to the principles of the Declaration of Helsinki
(59th World Medical Association General Assembly, Seoul, October 2008) and in ac-
cordance with the Medical Research Involving Human Subjects Act (WMO).

The Medical Ethics Committee Erasmus MC (Rotterdam, The Netherlands)
acts as central ethics committee for this trial (reference number MEC-2009-239;
NL28124.078.09). Approval has been obtained from the local Medical Ethics Commit-
tees in all participating centers. An information letter notifying the patients” participa-
tion will be sent to their general practitioners, unless a patient does not agree with this.

The Medical Ethics Committee Erasmus MC has given dispensation from the statu-
tory obligation to provide insurance for subjects participating in medical research (ar-
ticle 7, subsection 6 of the WMO and Medical Research (Human Subjects) Compulsory
Insurance Decree of 23 June 2003). The reason for this dispensation is that participation
in this study is without risks.

DISCUSSION

The FuncSiE trial will compare management of simple elbow dislocations by early
functional treatment with treatment by plaster immobilization. Early functional treat-
ment may lead to a better ROM and prevent elbow stiffness. To date no RCT for the
management of simple elbow dislocation has been performed with a sample size of 100
patients. Inclusion of patients has been started August 26, 2009 and the expectation is
to include 8 patients per month. With a follow-up of one year the presentation of data
will be expected in the beginning of 2012.

List of abbreviations used

ASA, American Society of Anesthesiologists; BP, Bodily Pain; CONSORT, CONsoli-
dated Standards of Reporting Trial; DASH, Disabilities of the Arm, Shoulder and Hand
score; ED, Emergency Department; EQ-5D, EuroQol-5D; GH, General Health percep-
tion; HR-QoL, Health-related Quality of Life; MCS, Mental Component Scale; MEPI,
Mayo Elbow Performance Index; MH, general Mental Health; NTR, Netherlands Trial
Registry (in Dutch: Nederlands Trial Register); PCS, Physical Component Scale; PF,
physical functioning; QALY, Quality-Adjusted Life Years; QoL, Quality of Life; RCT,
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Randomized Controlled Trial; RE, Role limitations due to Emotional problems; ROM,
Range Of Motion; RP, role limitations due to physical health; SE, Social Functioning;
SE-36, Short Form 36; SPSS, Statistical Package for the Social Sciences; VAS, Visual
Analog Scale; VT, vitality, energy, or fatigue.
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ABSTRACT

Background/Aim

To compare outcome of early mobilization and plaster immobilization in patients with
a simple elbow dislocation. We hypothesized that early mobilization would result in
earlier functional recovery.

Methods

From August 2009 to September 2012, 100 adult patients with a simple elbow disloca-
tion were enrolled in this multicenter randomized controlled trial. Patients were ran-
domized to early mobilization (n=48) or three weeks plaster immobilization (n=52).
Primary outcome measure was the Quick Disabilities of the Arm, Shoulder, and Hand
(Quick-DASH) score. Secondary outcomes were the Oxford Elbow Score, Mayo Elbow
Performance Index, pain, range of motion, complications, and activity resumption.

Patients were followed for one year.

Results

Quick-DASH scores at one year were 4.0 points in the early mobilization group versus
4.2 [95% CI 1.2 to 7.2] in the plaster immobilization group. At six weeks early mobi-
lized patients reported less disability (Quick-DASH 12 [95% CI 9 to 15] points versus 19
[95% CI 16 to 22]; p<0.05) and had a larger arc of flexion and extension (121° [95% CI
115 to 127] versus 102° [95% CI 96 to 108]; p<0.05). Patients returned to work sooner
after early mobilization (10 versus 18 days; p=0.020). Complications occurred in 12
patients; this was unrelated to treatment. No recurrent dislocations occurred.

Conclusions

Early active mobilization is a safe and effective treatment for simple elbow dislocations.
Patients recovered faster and returned to work earlier without increasing the complica-
tion rate. No evidence was found supporting treatment benefit at one year.
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BACKGROUND

With an incidence of 5.2 to 6.1 per 100,000 person years, the elbow joint is the second
most common major joint to dislocate in adults. ** An elbow dislocation without as-
sociated fractures is considered a simple dislocation. *”

Traditionally, the elbow is immobilized in a long arm cast after closed reduction.
However, immobilization may result in stiffness and contracture of the elbow joint.”*"'
Simple dislocations may also be treated with early mobilization following closed reduc-
tion.””"” Although elbow experts appreciate and acknowledge the importance of early
mobilization, it is not common practice worldwide yet. In the Netherlands more than
60% of simple elbow dislocations are still treated with plaster immobilization for at
least three weeks."®

Current evidence on the merits of early mobilization over immobilization in a long
arm cast has a low level of scientific evidence. Moreover, some physicians fear persistent
instability after early mobilization. A systematic review including only one RCT (n=50)
found no difference in flexion-extension arc at one year; less extension limitation was
observed at three months in the early mobilization group.”'> Observational retrospec-
tive studies showed better results for pain and range of motion (ROM) at six months
following early mobilization.”'* "

The low scientific level of evidence and methodological issues with the previous
studies stress the need for more clinical studies. The FuncSiE trial (FUNCtional treat-
ment versus plaster for SImple Elbow dislocations) was designed to compare patient-
reported outcome after early mobilization versus three weeks of plaster immobilization
in patients with a simple elbow dislocation. Primary outcome measure was the Quick
Disabilities of the Arm, Shoulder, and Hand (Quick-DASH) score. We hypothesized
that early mobilization would result in earlier functional recovery without increase in
recurrent dislocation or persistent instability.

METHODS

Setting and participants

The FuncSiE trial was a multicenter, parallel group randomized study. Twenty-two
hospitals in The Netherlands participated. All patients aged 18 years or older with a
simple elbow dislocation and successful closed reduction were included after provision
of written informed consent. Patients were excluded if they 1) were polytraumatized;
2) had a complex (i.e., associated with fractures), recurrent, or open dislocation; 3) had
additional traumatic injuries of the affected arm; 4) required surgical intervention; 5)
had a history of impaired elbow function (i.e., stiff or painful elbow or neurological
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disorder); or 6) had fractures or surgery of the affected elbow in the past. Patients with
expected problems in maintaining follow-up or with insufficient comprehension of the
Dutch language were also excluded. The trial was approved by the Medical Research
Ethics Committees or Local Ethics Boards of all participating centers. The study proto-
col is available online."”

Randomization and masking

Eligible patients were informed about the trial while being in the Emergency Depart-
ment. Patients who signed informed consent were randomly assigned in a 1:1 ratio
to receive early mobilization or plaster immobilization. The randomization sequence,
stratified by center and with random block sizes, was computer generated at the co-
ordinating hospital. Randomization was done by an independent central telephone
operator, concealing treatment allocation from the recruiting investigator. Masking
participants or investigators to the allocated treatment was not possible. In order to
reduce bias, the follow-up measurements were standardized. Radiographs were blinded
and evaluated independently by two assessors (GITI and DDH).

Intervention

The dislocated elbow was reduced under local, regional, or general anesthesia or with-
out anesthesia, depending upon the preference of the surgeon. In the early mobilization
group, the affected arm was put in a bandage for up to seven days. Patients were allowed
to use a sling to relieve pain during the first few days. Early active movements within
the limits of pain were started after two days according to a predefined protocol."” Dur-
ing the first three weeks, passive stretching was not allowed. In the plaster group the
elbow was immobilized for three weeks in full above elbow cast. After removal of the
plaster physical therapy was initiated according to a standardized protocol.

Assessments and follow-up

Follow-up data were obtained during outpatient visits at one, three, and six weeks,
and at three, six, and 12 months after randomization. At each visit, the investigators
ascertained clinical data from the patient files and patients completed a questionnaire
on the level of pain. From six weeks onwards, the investigators measured the elbow
ROM at both sides. At those times, patients were asked to complete a set of patient
reported outcome measures (PROMs) and to complete a questionnaire with additional
questions on health care consumption (e.g., physical therapy) and resumption of activi-
ties of daily living (including work and sports). Radiographs of the elbow were made at
the time of presentation to the hospital (baseline), after reduction, and at the follow-up
visits at one week and one year. The X-ray at 12 months was used for determining the
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amount and location of heterotopic ossification and the grade of degenerative joint
changes. All data were collected prospectively and were entered into a central database.

The primary outcome measure was the Quick-DASH (Disabilities of the Arm, Shoul-
der and Hand) score.””*' Secondary outcome measures were the Oxford Elbow Score
(OES),”?*" the Mayo Elbow Performance Index (MEPI),” pain level (Visual Analog
Scale, VAS), Range of Motion of the elbow joint, and the rate of secondary interven-
tions and complications. A detailed description of these questionnaires can be found

in the trial protocol.”

Heterotopic ossifications were classified from X-rays at one year
according the classification of Broberg and Morrey.”

At baseline, intrinsic variables such as age, gender, American Society of Anesthe-
siologists’ (ASA) classification, tobacco and alcohol consumption, comorbidities,
dominant side, medication use, and work and sports participation were collected. Also,
injury related variables (such as the affected side, mechanism of injury, and type of
dislocation) and intervention related variables (such as the time between dislocation

and reduction) were recorded.

Statistical analysis

Sample size calculation was based upon the assumption that the mean Quick-DASH
would be 12.5 (SD 15.0) in the plaster immobilization group.'® The FuncSiE trial was
designed to enrol 100 patients, yielding 80% power to detect a treatment difference of
at least 7.5 points (mean 5.0, SD 7.5) with a two-sided significance level of 0.05 and
anticipating a 20% loss to follow-up.

Since there were hardly any missing data imputation was not needed. Normality of
continuous data was assessed by inspecting the frequency distributions and the homo-
geneity of variances was tested with the Levene’s test.

Chi-squared analysis was used for statistical testing of categorical data. Continuous
data were analyzed using a Mann-Whitney U-test. P-values <0.05 were regarded as
statistically significant.

Continuous outcomes that were repeatedly measured over time were compared be-
tween treatment groups using linear mixed-effects regression models. These multilevel
models included random effects for the intercepts of the regression model and time
coefficient of individual patients. Since the outcome measures were not linearly related
with time, the time points were entered as factor. The models included fixed effects for
treatment group, involvement of the dominant side, and gender. The effect of age was
non-significant in all models and age was therefore not included. As the participating
hospitals used similar treatment strategies, site was also not included in the model. The
interaction between treatment group and time was included in the model to test for
differences between the groups over time. For each follow-up moment, the estimated
marginal mean was computed per treatment group and compared post hoc using a
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Bonferroni test to correct for multiple testing. Absence of overlap in the 95% confi-
dence interval around the marginal means was regarded as significant at p<0.05.

Analyses were performed using the Statistical Package for the Social Sciences (SPSS)
version 20. Analysis was by intention to treat and all statistical tests were two-sided.
The trial is registered at the Netherlands Trial Register (NTR2025).

RESULTS

Patient and injury characteristics

Between August 25, 2009 and September 18, 2012, 108 patients were screened for eligi-
bility, of which 100 were included; 13 hospitals included <5 patients, seven included 5 to
10 patients, and two included 10 or more patients. Of the included patients, 48 patients
were assigned to early mobilization and 52 to plaster immobilization (Figure 1). All
patients received the allocated treatment. One patient in the plaster group was lost to
follow-up after six months, and six patients did not show up at one follow-up moment
(four in the early mobilization and two in the plaster group; Figure 1). Randomiza-
tion resulted in similar baseline and injury characteristics in the two groups (Table 1),
except for a relative predominance of patients with comorbidities in the plaster group,
and the dominant side was affected more frequently in the early mobilization group.

Patient-reported functional outcome and pain

The Quick-DASH, OES, MEPI, and pain scores improved over time in both treatment
groups (Figure 2). Table 2 shows the results of the mixed-effects regression model for the
interaction of treatment with time (indicating difference in speed of recovery between
the groups) as well as the estimated marginal mean scores for the efficacy outcomes at
six weeks; at that time a difference between the groups was expected. The mean Quick-
DASH score diminished from 12 points at six weeks to 4 points at 12 months in the
early mobilization group, and from 19 to 4 points in the plaster group (Figure 2A). The
difference was significant (p<0.05) at six weeks follow-up, but not at later time points.
The interaction between treatment and time, representing a change in treatment effect
over time (and thus in recovery speed) was also significant (Pieraction=0.002). A similar
change in treatment effect over time was found for the Quick-DASH work module
score (Pinteraction=0.003; Figure 2B).

The OES increased from 72 points at six weeks to 93 points at 12 months in the
early mobilization group and from 66 to 95 points in the plaster group (Figure 2C).
Significantly higher OES function scores were noted in the early mobilization group at
six weeks (86 versus 73 points; p<0.05) but not at later time points (Figure 2D). Patients
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in the early mobilization group recovered faster (Pieraction=0.013 for overall score and
<0.001 for function).

The MEPI was consistently between 84 and 97 points in both groups (Figure 2E;
pinteraction=0-068)-

Patients reported significantly more pain at the affected arm in the early mobilization
group at one week only (mean VAS 3.2 [95% CI 2.7 to 3.6] versus 2.2 [95% CI 1.8 to 2.6]
for the plaster group; p<0.05) (Figure 2F). Analgesics use was similar in both groups;
16 (33%) patients in the early mobilization group and 12 (24%) patients in the plaster
group used analgesics (p=0.372).

Figure 1. Flow chart of the study

[ Enrolment ] 108 Assessed for eligibility

8 Excluded
3 Had psychological problems
> 2 Had a recurrent dislocation
2 Declined to participate
1 Had severe mental retardation

100 Randomized

v Allocation v
U

48 Allocated to early mobilization
48 Received allocated intervention

52 Allocated to plaster immobilization
52 Received allocated intervention

Follow-Up ]

0 Lost to follow-up
0 Discontinued intervention

1 Lost to follow-up
0 Discontinued intervention

1 Missed follow-up visit at 1 week

1 Missed follow-up visit at 3 weeks

0 Missed follow-up visit at 6 weeks

0 Missed follow-up visit at 3 months
2 Missed follow-up visit at 6 months
0 Missed follow-up visit at 12 months

48 Analyzed
0 Excluded from analysis

0 Missed follow-up visit at 1 week

0 Missed follow-up visit at 3 weeks

1 Missed follow-up visit at 6 weeks

0 Missed follow-up visit at 3 months
1 Missed follow-up visit at 6 months
1 Missed follow-up visit at 12 months

Analysis v

52 Analyzed
0 Excluded from analysis
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Table 1. Characteristics of trial participants by treatment group

Early mobilization ~ Plaster immobilization

N=48 N=52
Patient characteristics
Male' 22 (46%) 20 (39%)
Age’ (year) 43 (16) 47 (14)
BMI” (kg/m?) 25.0 (4.7) 26.4 (4.4)
Smoking':
Current 10 (21%) 12 (23%)
Past 13 (27%) 13 (25%)
Never 25 (52%) 27 (52%)
Alcohol consumer’ 34 (71%) 35 (67%)
Alcohol consumption (units/week)’ 3(0-10) 3(0-7)
Comorbidities' 12 (25%) 24 (46%)
Number of comorbidities® 1(1-1) 1(1-2)
Medication use' 11 (23%) 19 (37%)
Number of medications® 2(1-2) 2 (1-4)
Independent living' 44 (92%) 50 (96%)
Household composition':
Alone 10 (21%) 10 (19%)
Alone with children 1(2%) 3 (6%)
With partner 18 (38%) 19 (37%)
With partner and children 13 (27%) 17 (33%
With family/student house 6 (13%) 3 (6%)
Activities of daily living
Work participation (N patients) 32 (67%) 32 (62%)
Exertional level:
Light, mainly sedentary 13 (41%) 11 (34%)
Medium work 3 (9%) 7 (22%)
Heavy or very heavy work 16 (50%) 14 (44%)
Work participation (hours/week)’ 36.0 (24.0-40.0) 36.0 (24.0-40.0)
Sports participation (N patients) 37 (77%) 36 (69%)
Sports participation (hours/week)® 6.0 (3.5-8.8) 6.0 (3.1-7.8)
Injury characteristics
Right side affected’ 26 (54%) 27 (52%)
Dominant side affected’ 24 (50%) 22 (42%)
Type of dislocation
Posterolateral 27 (56%) 29 (56%)
Posterior 8 (17%) 10 (19%)
Lateral 5(10%) 5(10%)
Posteromedial 3 (6%) 3 (6%)
Medial 0 (0%) 1.(2%)

Low energy trauma' 45 (94%) 48 (92%)



FuncSiE-trial clinical outcome

Table 1. Characteristics of trial participants by treatment group (continued)

Early mobilization  Plaster immobilization

N=48 N=52
Accident scene':
Sports/recreation 21 (44%) 20 (38%)
Accident at home 14 (29%) 13 (25%)
Traffic accident 10 (21%) 15 (29%)
Accident at work 2 (4%) 4 (8%)
Violent assault 1(2%) 0 (0%)
Treatment characteristics
Number of reduction attempts’ 1(1-2) 2(1-2)
Reduction in operating room' 5 (10%) 1(2%)
Reduction anesthesia':
IV valium 21 (44%) 17 (33%)
General anesthesia 10 (21%) 8 (15%)
Intra-articular 3 (6%) 12 (23%)
None 6 (13%) 9 (17%)
Other 6 (13%) 6 (12%)
Regional/plexus 2 (4%) 0 (0%)

Data are presented as ' N (%), > mean (SD), or > median (P,s-Pss).
* In six patients for whom stability was tested, the pivot shift test was not performed (three in each group).

Range of motion
Figure 3 shows changes in ROM. The corresponding estimated marginal means at six
weeks and results of the regression model are shown in Table 2. The mean flexion-
extension arc increased from 121° [95% CI 115 to 127] at six weeks to 142° at 12
months [95% CI 136 to 148] in the early mobilization group. In the plaster group, the
arc increased from 102° [95% CI 96 to 108] to 138° [95% CI 133 to 144]; Figure 3A). A
significant difference was noted only at six weeks, which was mainly attributable to dif-
ferences in the angle of extension (Figure 3C). Likewise, the loss of ROM of flexion and
extension (compared with the contralateral side) was significantly larger in the plaster
group at six weeks (39° [95% CI 34 to 45] versus 21° [95% CI 15 to 27] after early mo-
bilization; p<0.05; Figure 3E). At longer follow-up the motion limitation had resolved.
Flexion-extension improved faster in the early mobilization group (pinteraction<0.001
flexion-extension arc, <0.001 for extension, and 0.001 for loss of flexion extension).
The pronation-supination arc was consistently between 169° and 174° in both treat-
ment groups (Figure 3B). At six weeks follow-up, the mean angle of supination was
significantly larger in the early mobilization group (mean 87° [95% CI 85 to 89] versus
83°[95% CI 81 to 85] in the plaster group; p<0.05; Figure 3D). The plaster group also
showed a significantly greater loss of ROM of pronation and supination at six weeks
(3.8° [95% CI 2.4 to 5.2] versus 0.2° [95% CI -1.3 to 1.6]); Figure 3F). Supination and
ROM loss improved faster in the early mobilization group (pPinteraction=0.030 for both).
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Table 2. Treatment effect over time and outcome at six weeks follow-up by treatment group

Treatment effect over time Outcome at six week follow-up
F-value P interaction Early Plaster
mobilization  immobilization
N=48 N=52
Patient reported outcome measures:
Quick-DASH:
Overall score 5.103 0.002 12 (9-15) 19 (16-22)
Work 4.731 0.003 20 (14-26) 35 (29-41)
Sports 1.449 0.229 41 (33-49) 52 (44-60)
MEPI 2.397 0.068 89 (86-92) 84 (81-87)
OES:
Overall score 3.662 0.013 72 (68-76) 66 (62-70)
Pain 1.343 0.261 74 (70-79) 73 (68-77)
Function 6.952 <0.001 86 (82-89) 73 (70-76)
Psychosocial 1.102 0.349 57 (51-63) 52 (47-58)
VAS (1 week) Affected side 2.353 0.040 3.1(2.7-3.6) 2.2 (1.8-2.6)
VAS (6 weeks) Affected side 2.353 0.040 1.2 (0.7-1.6) 1.2 (0.8-1.7)
Range of motion (degrees):
Angle:
Flexion 2.021 0.111 133 (130-137) 127 (124-131)
Extension* 11.858 <0.001 12 (9-15) 25 (22-29)
Pronation 0.100 0.960 86 (85-88) 86 (84-88)
Supination 3.014 0.030 87 (85-89) 83 (81-85)
Arc:
Flexion-Extension 7.715 <0.001 121 (115-127) 102 (96-108)
Pronation-Supination 0.819 0.484 173 (170-177) 169 (165-172)
Loss of ROM:
Flexion-Extension 5.692 0.001 21 (15-27) 39 (34-45)
Pronation-Supination 3.026 0.030 0(-1-2) 4 (2-5)

Changes in recovery pattern were assessed in the multivariable model. Results are shown by the F-value of
the interaction term in the model (treatment * FU moment) and its p-value (Pjyercion)- Data of the outcome at
six weeks are shown as the estimated marginal mean with 95% confidence interval after six weeks follow-up
adjusted for involvement of the dominant side and gender. If the intervals did not overlap, this is indicated in
bold face. The Arc of ROM is shown for the affected side, loss of ROM is calculated by subtracting the angle of
the affected side from the contralateral side.

Quick-DASH, Disabilities of the Arm, Shoulder, and Hand; MEPI, Mayo Elbow Performance Index; OES, Ox-
ford Elbow Score; ROM, Range of Motion; VAS, Visual Analog Scale.

* Extension is measured as deficit from neutral position (0°).
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Figure 2. Changes in functional outcome scores and pain over time by treatment group

A

OES Quick-DASH

MEPI

(A) Disabilities of the Arm, Shoulder, and Hand (Quick-DASH) overall score, (B) Quick-DASH score for the
work optional module, (C) Oxford Elbow Score (OES) overall score, (D) OES score for the sub-domain func-
tion, (D) Mayo Elbow Performance Index (MEPI), and (F) pain (VAS, Visual Analog Scale) over time. The VAS
score is reported for the affected arm. Higher scores represent more disability (Quick-DASH), better function-
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Figure 3. Changes in ROM over time by treatment group
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Resumption of work and sports

Table 3 shows the patients’ resumption of work and sports. Forty-eight patients re-
ported sick due to their injury. Although the rates of work and sports resumption at
one year after early mobilization did not differ significantly from that after plaster im-
mobilization, the early mobilization group returned to work earlier (median 10 versus
18 days; p=0.027).

Table 3. Resumption of work and sports by treatment group

Early mobilization  Plaster immobilization P-value
N=48 N=52

Work participation:
Work absenteeism (N patients) ' 22 (69%) 25 (78%) 0.572
Resumption at 12 months (N patients): No

Partial 0 (0%) 1 (4%) 0.637

Fully 1 (4%) 1 (4%)
Time-full resumption (clays)z 21 (96%) 23 (92%)
Percentage of baseline hours resumed at 12 10 (5-16) 18 (8-41) 0.027
months (%)* 100 (100-100) 100 (100-100) 0.376
Sports participation:
Resumed activities at 12 months (N patients) ' 28 (76%) 27 (75%) 1.000

Data are presented as 'number (%) or as “median (P,s-P;5) and were analyzed using a Chi-squared test and
Mann-Whitney U-test, respectively.

Complications and secondary interventions

Complications occurred in 12 patients and three underwent a secondary surgical
intervention; no association with treatment was observed for both complications
(p=0.640) or surgical interventions (p=1.000). In the early mobilization group, two
patients reported pain without evident cause; one of these patients received five days
of plaster immobilization, and one patient underwent arthrolysis to resolve motion
restriction and pain. Another patient in the early mobilization group had a brachialis
muscle rupture, and two patients had an ulnar nerve palsy; all three were treated non-
operatively. In the plaster group five patients reported with discomfort or pain due to
the plaster. One patient reported with an ulnar nerve palsy which was treated with
ulnar nerve release, and one patient complained of persistent wrist pain requiring a
diagnostic arthroscopy. The latter revealed cartilage degeneration, without instability
of the distal radial-ulnar joint.

Radiological evaluation

Table 4 shows the radiological evaluation by treatment. At one year after trauma, radio-
graphs were taken for 83 patients. Fifty (60%) of these showed heterotopic ossifications
(55% in the early mobilization group versus 65% in the plaster group (p=0.377). Only
three grade 3 ossifications were found, all occurred in the plaster group.
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Table 4. Radiological outcome at one year by treatment group

Early mobilization Plaster immobilization P-value
N=40* N=43*
Joint incongruency 0 (0%) 0 (0%) 1.000
Heterotopic ossifications 22 (55%) 28 (65%) 0.377
Grade 1 (small, immature) 2 (9%) 1 (4%) 0.221
Grade 2 (small, mature) 20 (91%) 24 (86%)
Grade 3 (large, mature) 0 (0%) 3 (11%)
Grade 4 (ankylosis) 0 (0%) 0(0%)

Data are presented as N (%) and were analyzed using a Chi-squared test.

* Radiographs were not made for eight patients in the early mobilization group and nine in the plaster immo-
bilization group.

Heterotopic ossifications were classified according to Broberg and Morrey.”

DISCUSSION

This study showed that treating a simple elbow dislocation with early mobilization
resulted in earlier recovery and work resumption than immobilizing the elbow joint for
three weeks. At six weeks follow-up, patients in the early mobilization group reported
significantly better Quick-DASH and OES functional outcome scores, and a larger arc
of ROM of flexion and extension. No evidence supporting treatment benefit at one year
was found. Complications and secondary interventions were similar in both treatment
groups. No residual instability, subluxation, or secondary dislocations were found.

Comparison with other studies

Functional outcome of simple elbow dislocations is generally good; however, residual
stifiness may occur.'”** The only RCT comparing early mobilization and plaster im-
mobilization showed a significantly higher percentage of patients with a normal exten-
sion at three months in the early mobilization group.'” The ROM values in the current
study were in line with other studies.”” ** Absence of treatment effect at one year was
also noted by Riel et al., who found no difference in ROM after eight years of follow up.*

The functional outcome scores of our study were equivalent with Anakwe et al..”’ De
Haan et al., however, reported slightly inferior Quick-DASH, MEPI, and OES scores.
This is likely attributable to the inclusion of patients with complex elbow dislocations
(49%) in their study.” The observation that early mobilization resulted in less disability
and better function than plaster immobilization during the early phases of recovery
was in line with the hypothesis and with previous studies.” """ Given similar outcome
scores at one year in the current study, superiority of early mobilization on the long
term, as shown by Maripuri et al. (better Quick-DASH and MEPI scores at 2-5 years)
and others is not to be expected.” '
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Another finding supporting superiority of early mobilization was the shorter period
until full-time work resumption. This difference, which could not be attributed to dif-
ferences in exertional levels, emphasizes the relevance of early mobilization from a
patient’s perspective and has also been described before.'® Earlier work resumption will
reduce societal costs.

Patients in the early mobilization group reported a 1-point higher pain score only at
one week. As analgesics use was the same in both groups, this small difference can be
considered to be of little clinical relevance.

As expected, none of our patients showed recurrent instability. In 11 published studies
(502 patients),”®'* " 1417231 gply three recurrent dislocations (0.6%) were reported;

two occurred after plaster immobilization and one after early mobilization.'* '**

Strengths and limitations

The current study had some limitations. In addition to eight excluded patients, at least
seven more patients have been missed during the enrolment period, possibly due to
unfamiliarity of local hospital staft with the trial. A second limitation is that the ROM
was measured from six weeks onwards. The six weeks visit was chosen since it was
the first standard of care visit moment after removal of the plaster. For future studies,
earlier measurement of the ROM would be recommended; it would provide baseline
data for the plaster group as well as a more detailed view on the early recovery pattern.
A final limitation relates to other sources of bias. Patients completed questionnaires on
work absence and health care use at fixed time points. Should recall bias have occurred,
it will be limited and non-selective. It was not possible to blind patients, physicians or
researchers for the allocated treatment, which may run a risk of ascertainment bias. The
blind (and duplicate) review of radiographs, the use of a standardized ROM protocol,
and keeping the statistician blinded for treatment was meant to prevent this bias as
much as possible.

An important strength of this study is the exceptionally high follow-up rate which
can be explained by the fact that all follow-up moments at all sites were attended by the
researcher. If patients declined coming to the hospital, a meeting was arranged at their
home or work.

Conclusions

Early mobilization is a safe and effective treatment for simple elbow dislocations. It
resulted in earlier recovery of elbow function and range of motion than after plaster
immobilization. As a consequence, patients were able to resume work earlier. Early mo-
bilization did not result in recurrent dislocation or persistent instability of the elbow.
No evidence was found supporting treatment benefit at one year. The earlier recovery is

relevant for patients but also from a societal perspective.
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ABSTRACT

Background

To our best knowledge no studies have reported the burden of simple elbow dislocations
on health care costs. It is unknown whether or not early mobilization after reduction
might play a role in reducing these costs.

Hypothesis/Purpose

The primary aim of this study was to assess and compare the total costs (direct health
care costs and indirect costs due to los of production) after early mobilization versus
plaster immobilization in patients with a simple elbow dislocation. The secondary aim
was to evaluate cost-effectiveness. It was hypothesized that early mobilization would
not lead to higher direct and indirect costs than plaster immobilization.

Study design
Randomized Controlled Clinical Trial

Methods

This cost-effectiveness study used data of a multicenter randomized clinical trial com-
paring early functional treatment with plaster immobilization in patients after simple
elbow dislocations (FuncSiE trial). From August 25, 2009 until September 18, 2012,
patients aged 18 years or older with a simple elbow dislocation from three academic
and 19 non-academic hospitals were recruited and randomized to early mobilization
(immediate motion exercises; n=48) or three weeks plaster immobilization (n=>52).
Follow-up was one year. Primary outcome were the total costs at one year. Analysis
was by intention to treat. The trial was registered at the Netherlands Trial Register
(NTR2025).

Results

100 patients were included; one patient was lost to follow-up after six months. Quick-
DASH was lower in the early mobilization group at six weeks, but not at later time
points. There were no significant differences in health-related quality of life measured
with the EQ-5D, SF-36 PCS, and SF-36 MCS between the two groups throughout the
1-year follow-up. Mean total costs per patient were €3,624 in the early mobilization
group versus €7,072 in the plaster group (p=0.094). Shorter work absenteeism in the
early mobilization group (10 versus 18 days; p=0.027) did not lead to significantly
lower costs for productivity loss (€1,719 in the early mobilization group versus €4,589;
p=0.120).
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Conclusion

From a clinical as well as a socio-economic point of view, early mobilization should
be the treatment of choice for a simple elbow dislocation. Plaster immobilization has
inferior results at almost double costs, and should therefore be abandoned.
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BACKGOUND

The elbow is the second most commonly dislocated joint in adults and mostly occurs
in young and active persons, thus affecting the working population. ' Simple elbow
dislocations (i.e., dislocations without associated fractures) have better long-term
functional outcome than complex elbow dislocations (i.e. dislocations with associated
fractures). * Nevertheless, a simple elbow dislocation is a disabling injury which causes
considerable pain and loss of range of motion on the short-term, which impedes the
ability to perform daily activities such as work.

Previous studies demonstrated that immobilization of the elbow post reduction
for more than three weeks may impair functional outcome, and suggested that early
mobilization may give superior results. ' Nonetheless, the majority of simple elbow
dislocations in the Netherlands is treated with a long arm cast for at least three weeks.
"' For this reason the FuncSiE trial was conducted, which compared clinical outcome of
early mobilization and plaster immobilization in patients with a simple elbow disloca-
tion. The results of this study showed that early mobilization resulted in earlier recovery
of elbow function, range of motion, and work resumption (unpublished data available
as supplementary material). These results provided a definitive answer to an unresolved
clinical question. The results justify the design of a treatment guideline from a clinical
point of view. Faster recovery work resumption also support the societal relevance of
early mobilization.

However, there are no studies that report the burden of simple elbow dislocations
on direct and indirect health care costs, let alone to what extent early mobilization is
able to reduce these costs. The aim of this study was to assess the direct and indirect
costs and the cost-effectiveness of early mobilization versus plaster immobilization in
patients with a simple elbow dislocation. It was hypothesized that early mobilization
would not lead to higher costs.

METHODS

This cost analysis used data of a multicenter randomized clinical trial comparing early
mobilization with plaster immobilization in patients after a simple elbow dislocation
(FuncSiE trial). The trial is registered at the Netherlands Trial Register (NTR2025) and
the study protocol is published elsewhere. '* The study was approved by the Medi-
cal Research Ethics Committee or Local Ethics Board of all participating centers. All
patients gave written informed consent.
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Patients

Patients were recruited from August 25, 2009 until September 18, 2012. Inclusion crite-
ria were an age of 18 years or older, a simple elbow dislocation which was successfully
reduced by closed means. Exclusion criteria were polytraumatized patients, recurrent
or open dislocation, additional traumatic injuries of the affected arm, an indication for
surgical intervention, history of impaired elbow function (i.e., stiff or painful elbow
or neurological disorder), or a history of surgery or fractures involving the elbow, or
expected problems with maintaining follow-up (i.e., patients with no fixed address or
insufficient comprehension of the Dutch language).

Randomization, intervention, and follow-up

Patients were randomly assigned in a 1:1 ratio to receive early mobilization or plaster
immobilization. In the early mobilization group, the affected arm was put in a pressure
bandage for up to seven days. Patients were instructed early active movements within
the limits of pain after two days according to a predefined protocol. ' In the plaster
group the elbow was immobilized in a long arm cast for three weeks. After removal of
the plaster physical therapy was initiated according to a standardized protocol.

Data were obtained during out-patient visits at one, three and six weeks, and at three,
six, and 12 months after randomization. The primary outcome measure was total costs,
consisting of direct costs (i.e., costs for treatment and intramural care) and indirect
costs (i.e., costs for lost production). Use of health care resources was collected from
the study case report forms and the patients’ hospital register. All patients completed
a health care consumption questionnaire at baseline and all follow-up visits from six
weeks onwards. The questionnaire included questions on the number of visits to the
physical therapist, general practitioner, and medical specialist, admission to hospital,
rehabilitation center or nursing home, medication use, and the use of home care. The
questionnaire also included questions concerning work absenteeism and resumption.

The primary clinical outcome measure was the Quick-DASH (Disabilities of the Arm,
Shoulder and Hand) score, which will be converted to a 0-100 scale with higher scores
indicating greater disability. '*'* Secondary outcome measures included the health-
related quality of life using the EuroQol-5D (EQ-5D) " and Short Form-36 (SF-36). '
The use of the EQ-5D is recommended for assessing quality of life in trauma patients
especially for economic assessments higher scores indicating better quality of life. "> ¢
The scores for the physical and mental components of the SF-36 were converted to
a norm-based score and compared with the norms for the general population of the
United States. '* As there were no significant differences in Quick-DASH score and
quality of life scores between the two groups at one year, no cost-effectiveness and
cost-utility ratio could be calculated. Therefore, a costs minimization analysis was
performed.
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Cost measurement
The total direct and indirect costs of both treatments were analyzed from a societal
perspective and included the following costs: 1) intramural care costs for the primary
intervention; 2) intramural care costs during follow-up; 3) intramural care costs for di-
agnosis and treatment of adverse events; 4) out of hospital care costs for rehabilitation;
and 5) indirect costs due to productivity loss. Costs were calculated by multiplying the
volumes with the corresponding unit prices (Table 1). Hospital costs for the primary
intervention and costs during follow-up consisted of fixed and variable costs. As no
patients were admitted to a nursing home or rehabilitation clinic, these costs were zero
for all patients. Lost productivity was represented by the hours of work absenteeism.
The costs for use of the operating room included cost for personnel, anesthesia (not
including the wage of the anesthesiologist) and overhead costs. An estimation of these
costs was made by calculating the means of the fixed cost prices, which were derived
from four participating hospitals (one academic and of three regional hospitals). Cost
prices for other health care resources were derived from the Dutch manual on cost
research. 7 Unit costs for all diagnostic procedures were derived from the Dutch Health
Care Authority (NZa, Nederlandse Zorgautoriteit). Medication costs were calculated
using standard unit prices as described by the CVZ (College voor zorgverzekeringen;
Health Care Insurance Board; online available at www.medicijnkosten.nl). Indirect
costs due to productivity loss were calculated using the friction-cost method, which
assumes that initial production levels restore after some period of adaption, taking

economic circumstances into account.
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Statistical analysis

Analyses were performed using the Statistical Package for the Social Sciences (SPSS)
version 21 (IBM Corp. Released 2011. IBM SPSS Statistics for Windows, Armonk, NY).
Analysis was by intention to treat and all statistical tests were two-sided. Since there
were hardly any missing data imputation was not needed. Normality of continuous
data was assessed by inspecting the frequency distributions and the homogeneity of
variances was tested with the Levene’s test. Chi-squared analysis was used for statistical
testing of categorical data. Univariate analysis of continuous data was done using a
Mann-Whitney U-test (non-parametric data) or a Student’s T-test (parametric data).
P-values <0.05 were regarded as statistically significant. Accelerated bootstrapping
was used for pair-wise comparison of the mean differences in all hospital costs, out
of hospital costs, indirect costs and total costs between the two treatment groups. The
number of replications was chosen to be 1,000.

Continuous outcomes that were repeatedly measured over time were compared be-
tween treatment groups using linear mixed-effects regression models. These multilevel
models included random effects for the intercepts of the regression model and time
coefficient of individual patients. Since the outcome measures were not linearly related
with time, the time points were entered as factor. The models included fixed effects
for treatment group, involvement of the dominant side, and gender. The effect of age
was non-significant in all models and age was therefore not included. The interaction
between treatment group and time was included in the model to test for differences
between the groups over time (i.e., differences in recovery time). For each follow-up
moment, the estimated marginal mean of the Quick-DASH score, the EQ-5D util-
ity score and the SF-36 physical component summery (PCS) and mental component
summery (MCS) scores were computed per treatment group and compared post hoc
using a Bonferroni test to correct for multiple testing. Absence of overlap in the 95%
confidence interval around the marginal means was regarded as significant at p<0.05.

RESULTS

One hundred patients were included in the trial, 48 patients were assigned to early
mobilization and 52 to plaster immobilization (Figure 1). All patients received the
allocated treatment. At one year follow-up complete cost data were available for 99
patients; one patient in the plaster group was lost to follow-up after six months. Apart
from a relative predominance of patients with comorbidities in the plaster group, and
more frequently affected dominant side in the early mobilization group, randomization
resulted in similar baseline and injury characteristics in the two groups (Table 2).
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Table 2. Characteristics of trial participants by treatment group

Early mobilization Plaster immobilization
N=48 N=52
Patient characteristics
Male' 22 (46%) 20 (39%)
Age’ (year) 43 (16) 47 (14)
Body mass index 2 (kg/mz) 25.0 (4.7) 26.4 (4.4)
Comorbidities' 12 (25%) 24 (46%)
Number of comorbidities® 1(1-1) 1(1-2)
Medication use' 11 (23%) 19 (37%)
Number of medications® 2(1-2) 2 (1-4)
Independent living' 44 (92%) 50 (96%)
Household composition':
Alone 10 (21%) 10 (19%)
Alone with children 1(2%) 3 (6%)
With partner 18 (38%) 19 (37%)
With partner and children 13 (27%) 17 (33%
With family/student house 6 (13%) 3 (6%)
Activities of daily living
Work participation (N patients) ' 32 (67%) 32 (62%)
Work participation (hours/week’ 36.0 (24.0-40.0) 36.0 (24.0-40.0)
Sports participation (N patients) ! 37 (77%) 36 (69%)
Sports participation (hours/week)® 6.0 (3.5-8.8) 6.0 (3.1-7.8)
Injury characteristics
Dominant side affected 24 (50%) 22 (42%)
Reduction in operating room' 5(10%) 1(2%)
Reduction anesthesia':
IV valium 21 (44%) 17 (33%)
General anesthesia 10 (21%) 8 (15%)
Intra-articular 3 (6%) 12 (23%)
None 6 (13%) 9 (17%)
Other 6 (13%) 6 (12%)
Regional/plexus 2 (4%) 0 (0%)

Data are presented as ' N (%), > mean (SD), or *median (P,s-Ps)



Figure 1. Flow chart of the study
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2 Declined to participate
1 Had severe mental retardation
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'
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48 Allocated to early mobilization
48 Received allocated intervention
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Follow-Up v

0 Lost to follow-up
0 Discontinued intervention

1 Missed follow-up visit at 1 week

1 Missed follow-up visit at 3 weeks

0 Missed follow-up visit at 6 weeks

0 Missed follow-up visit at 3 months
2 Missed follow-up visit at 6 months
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52 Allocated to plaster immobilization
52 Received allocated intervention

48 Analyzed
0 Excluded from analysis

1 Lost to follow-up
0 Discontinued intervention

0 Missed follow-up visit at 1 week

0 Missed follow-up visit at 3 weeks

1 Missed follow-up visit at 6 weeks

0 Missed follow-up visit at 3 months
1 Missed follow-up visit at 6 months
1 Missed follow-up visit at 12 months

Analysis v

Quick-DASH-score and quality of life

The Quick-DASH score at one year was 4 points (95% CI 1 to 7) in both groups. How-
ever, at six weeks follow-up the Quick-DASH score was significantly better in the early
mobilization group 12 points versus 19 points, respectively (Table 3). No statistically
significant differences in health-related quality of life measured with the EQ-5D and
SF-36 between the two groups was noted throughout the 1-year follow-up (Table 3).
The EQ-5D was consistently between 0.82 and 0.89 during follow-up. The SF-36 PCS
varied between 42 and 53 and the SF-36 MCS varied between 55 and 59 throughout the
whole follow-up. Both component summary scores remained within the population

52 Analyzed
0 Excluded from analysis

norm of 50+10 (SD) points, and were independent of treatment.
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Table 3. Quick-DASH score and health-related quality of life at all follow-up moments by treatment group

Outcome score Follow-up Early Mobilization Plaster immobilization
N=48 N=52

Quick-DASH 6 weeks 12(9-15) 19 (16 - 22)

3 months 7 (4-10) 9(6-12)

6 months 4(1-7) 5(2-8)

12 months 4(1-7) 4(1-7)
EQ-5D Utility Score 6 weeks 0.86 (0.83 - 0.89) 0.82 (0.79 - 0.85)

3 months 0.87 (0.84 — 0.90) 0.86 (0.84 — 0.89)

6 months 0.88 (0.86 - 0.91) 0.88 (0.85-0.91)

12 months 0.88 (0.85 - 0.91) 0.89 (0.87 - 0.92)
SF-36 PCS 6 weeks 45 (43 - 48) 42 (40 - 44)

3 months 52 (50 — 54) 50 (48 - 52)

6 months 53 (50 - 55) 52 (50 - 54)

12 months 53 (51 - 55) 53 (51 - 55)
SF-36 MCS 6 weeks 56 (54 - 58) 59 (57 - 61)

3 months 57 (55 - 59) 57 (55 - 59)

6 months 57 (55 - 59) 56 (54 - 58)

12 months 55 (53 -57) 56 (54 - 58)

Data are shown as the estimated marginal mean with 95% confidence interval adjusted for involvement of the
dominant side and gender. If the intervals did not overlap (indicating statistical significant difference between
the treatment groups) it was indicated in bold face. EQ-5D, EuroQoL 5D; Quick-DASH, Disabilities of the
Arm, Shoulder, and Hand; SF-36, Short Form-36; PCS, Physical Component Summary score; MCS, Mental
Component Summary score.

Health care costs

Total costs and costs per category are shown in Figure 2 and Table 4. The mean total
costs per patient were €3,624 (95% confidence interval (CI) 1,966 to 5,281) in the early
mobilization group versus €7,072 (95% CI 3,444 to 10,701) in the plaster group. Al-
though early mobilization was €3,449 less expensive than plaster immobilization, this
difference was not statistically significant (p=0.094).

The costs for the primary intervention were €551 (95% CI 510 to 591) in the early
mobilization group versus €856 (95% CI 551 to 1,161) in the plaster immobilization
group (p=0.058). Due to the identical, protocolled follow-up there was no difference in
the follow-up costs; €382 (95% CI 349 to 415) in the early mobilization group versus
€399 (95% CI 364 to 434) in the plaster group (p=0.481). Details concerning adverse
events are shown in Table 5. Adverse events occurred in five patients in the early mo-
bilization group versus seven patients in the plaster immobilization group. Costs for
diagnosis and treatment of adverse events were €166 (95% CI -147 to 478) in the early
mobilization group versus €263 (95% CI -153 to 678) in the plaster immobilization
group (p=0.712). The main determinant in the costs for adverse events were costs for
surgery. This applied to three patients, one in the early mobilization group (€4,744)
versus two in the plaster immobilization group (€3,007 and €1,687).



The out of hospital costs during follow-up and rehabilitation were €806 (95% CI 465
to 1,147) in the early mobilization group versus €966 (95% CI 660 to 1,271) in the
plaster group (p=0.483). These costs were mainly due to physical therapy (€738 versus
€808; p=0.693; data not shown). This can be explained by the fact that most patients in
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both groups attended physical therapy to some degree.

Figure 2. Mean total costs and costs per cost category by treatment group
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Table 4. Total costs and costs per cost category by treatment group

Cost categories

Direct costs

In-hospital costs

Primary intervention

Follow-up

Adverse even

Out of hospital costs (Follow-up /

Rehabilitation)

Indirect costs (Productivity loss)

Total

Data are shown as the mean costs per patient with 95% confidence interval given between brackets and were
analyzed with a regression analysis after bootstrapping.

Early mobilization ~ Plaster immobilization Difference p-value
N=48 N=52

€1,904 (1,303 - 2,505)  €2,483 (1,822 - 3,144) -€579

€1,098 (785 - 1,411) €1,517 (1,004 - 2,031) - €419

€551 (510 - 591) €856 (551 - 1,161) - €305

€382 (349 - 415) €399 (364 — 434) ~€17

ts / revision surgery €166 (-147 - 478) €263 (-153 - 678) -€97
€ 806 (465 - 1,147) €966 (660 - 1,271) - €160
€1,719 (465 - 2,974) €4,589 (1,258 - 7,920) - €2,870
€ 3,624 (1,966 - 5,281) € 7,072 (3,444 - 10,701) - € 3,449

0.198
0.173
0.058
0.481
0.712
0.483

0.120
0.094
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Productivity loss

Details concerning work absenteeism are displayed in Table 5. Work absenteeism did
not differ significantly between both groups, although the early mobilization group
reported slightly less absenteeism (69% versus 78%; p=0.572). Patients who were
treated with early mobilization resumed work eight days sooner than did patients that
were treated with plaster immobilization (10 versus 18 days; p=0.027). The associated
mean costs for lost productivity in the total study population were €1,719 (95% CI 465
to 2,974) in the early mobilization group versus €4,589 (95% CI 1,258 to 7,920) in the
plaster group. Despite the large difference of €2,870 in favor of early mobilization, this
did not reach statistical significance (p=0.120). When considering only patients that
reported sick, the mean costs for productivity loss per absentee were €3,751 (95% CI
1,174 to 6,329) in the early mobilization group and €9,546 (95% CI 2,955 to 16,137) in
the plaster group (p=0.115).

Table 5. Adverse events, secondary interventions and work participation by treatment group

Early mobilization  Plaster immobilization P-value

N=48 N=52

Adverse events ' 5 (10%) 7 (13%) 0.640 *
Secondary interventions (N patients) ! 1(2%) 2 (4%) 1.000*
Secondary interventions (N interventions) ' 1 (2%) 2 (4%) 1.000°

Arthrolysis 1 0

Ulnar nerve release 0 1

Arthroscopy of the wrist 0 1
Work participation
Work absenteeism (N patients) ' 22 (69%) 25 (78%) 0.572*
Resumption at 12 months (N patients) :

No 0 (0%) 1 (4%) 0.637°

Partial 1 (4%) 1 (4%)

Fully 21 (96%) 23 (92%)
Time-full resumption (days) 2 10 (5-16) 18 (8-41) 0.027°
Hours resumed at 12 months (% of baseline)* 100 (100-100) 100 (100-100) 0.376°

Data are presented as 'N (%) or as “median (P,s-P;s) and were analyzed using a Chi-squared test and Mann-
Whitney U-test, respectively.

DISCUSSION

The FuncSiE trial already showed that patients following a simple elbow dislocation
demonstrate earlier recovery of elbow function when treated with early mobilization
compared with plaster immobilization. As a consequence, early mobilized patients
were able to resume work eight days earlier. Current data demonstrated that the Quick-
DASH score and health-related quality of life at one year were similar in both groups.
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Early mobilization showed a consistent trend towards being a less expensive treatment
than plaster immobilization for all cost categories studied, yet the difference did not
reach statistical significance.

Surprisingly, there was no statistically significant difference in costs for physical
therapy between the two groups, despite earlier recovery of elbow function in patients
that were treated with early mobilization. This could be explained by the fact that both
groups received physical therapy according to an identical treatment protocol. There-
fore, these data do not allow to reliably answer the questions whether earlier functional
recovery after early mobilization consequently leads to less physical therapy in terms
of frequency and duration and whether in that way a reduction in care costs might be
realized.

Unfortunately, these data did not allow to calculate the cost-effectiveness and cost-
utility ratio of early mobilization as there was no statistically significant difference in
Quick-DASH score or health-related quality of life at one year follow-up between both
groups. On the other hand, there is no relevance in performing a cost-effectiveness or
cost-utility analysis for a treatment that leads to earlier functional recovery at almost
half the costs per patient (€3,449 less expensive). A second drawback of this study
concerns the absence of significance in differences between costs in both groups. This
was mainly caused by the fact that only three patients underwent surgery as a result
of adverse events. This led to excessive total costs for these patients compared with
patients who healed uneventfully. These outliers caused considerable variation in costs
which could falsely have led to the conclusion that the study lacked power. Moreover,
sample size calculation of the trial was performed from a clinical perspective rather
than for cost-calculation purposes. Statistically significant difference in total costs could
have been demonstrated provided each treatment group should have encompassed 134
patients (p = 0.8, a = 0.05 and two-sided testing).

A strength of this study is the data completeness. Moreover, patients were followed
during the entire rehabilitation process, thus giving a truthful reflection of the actual
total costs following a simple elbow dislocation. Furthermore, this is the first study to
assess the burden of simple elbow dislocations on direct and indirect health care costs
and health-related quality of life. Additionally, there is currently no literature reporting
the influence of early mobilization on reducing these costs. The incidence rate of elbow
dislocations in the Netherlands was recently found to be 5.6 (per 100,000 person years).
* The difference of €3,449 in total costs was not statistically significant, but changing
treatment protocols for simple elbow dislocations could, in the current Dutch popula-
tion (16.8 million persons '*), reduce the care costs by at least 3.2 Million Euro per year,
supporting the societal relevance of early mobilization.

In conclusion, early mobilization of adult patients with a simple elbow dislocation
leads to earlier functional recovery and might reduce costs by approximately 50%.
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From a clinical as well as a socio-economic point of view, early mobilization should be
the treatment of choice for this injury.
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Chapter 7
ABSTRACT

Objective

The aim was to evaluate the reliability, validity, and responsiveness of the Dutch version
of the Oxford Elbow Score (OES) in patients with a non-operatively treated simple
elbow dislocation.

Study Design and Setting

Data of a multicenter randomized clinical trial (n=100) were used. Reliability was
calculated using Cronbach’s alpha expressing internal consistency. Construct- and
longitudinal validity were calculated by testing hypothesized correlations between all
(sub)domains of the OES and Quick-DASH (Disabilities of the Arm, Shoulder and
Hand) score, Mayo Elbow Performance Index (MEPI), pain level (Visual Analog Scale,
VAS), EuroQol-5D (EQ-5D) and Short Form-36 (SF-36) using Spearman’s Rho (rank
correlation) coefficients. The minimal clinically important difference (MCID) was as-
sessed using anchor-based and distribution-based methods. Floor and ceiling effects

were also evaluated.

Results

The OES demonstrated adequate internal consistency (Cronbach a, 0.916). Construct
validity and longitudinal validity were supported by a high degree of correctly hypoth-
esized correlations. Anchor- and distribution based MCID values for the OES total
score were 8.22 and 11.96 points, respectively. The OES demonstrated a ceiling effect
from six months onwards.

Conclusions

The Dutch version of the OES is a reliable, valid, and responsive instrument for evaluat-
ing elbow-related quality of life. The anchor-based MCID was 8.22 points.

Clinical trial registration number

Netherlands Trial Register; NTR2025



Measurement properties of OES
INTRODUCTION

Musculoskeletal elbow injuries may influence health and quality of life."” Physicians
have traditionally been focused on objective parameters such as radiographic healing or
range of motion when evaluating recovery following elbow injuries. However, patients’
own appreciation of recovery may differ from the judgment of the treating physician.**
Patient-reported outcome measures (PROMs) are increasingly important for assessing
outcome following elbow injuries, both in daily practice and in clinical research.”

The best elbow-specific questionnaire currently is the Oxford Elbow Score (OES).
This originally English patient-reported questionnaire measures injury-related qual-
ity of life in patients following surgery of the elbow joint."'® Recently, the OES was
translated into Dutch according to the guideline for Cross Cultural Adaptation of Self-
Report Measures and validated for its reliability, validity and responsiveness.'"** Limi-
tations of that study were a small sample size and heterogenic population consisting of
operatively and non-operatively treated patients. The OES has been shown valid and
reliable for the assessment of outcome after elbow surgery.'” However, measurement
properties including the minimal clinically important difference (MCID) for patients
with non-operatively treated elbow injuries are not available. The aim of the current
study was to evaluate the reliability, validity, and responsiveness of the OES in adult
patients with a non-operatively treated elbow dislocation.

METHODS

Study data

Data of a multicenter randomized clinical trial comparing early functional treatment
with plaster immobilization in patients after a simple elbow dislocation (FuncSiE-trial)
were used. The trial is registered at the Netherlands Trial Register (NTR2025). The
study protocol is described elsewhere.'® The study was approved by the Medical Re-
search Ethics Committees or Local Ethics Boards of all participating centers.

Patients

Patients were recruited from August 25, 2009 until September 18, 2012. Inclusion
criteria were 1) age of 18 years or older; 2) a simple elbow dislocation with successful
close reduction; and 3) written informed consent. Exclusion criteria were 1) polytrau-
matized patients; 2) recurrent or open dislocation; 3) additional traumatic injuries of
the affected arm; 4) surgical intervention; 5) impaired elbow function prior to trauma
(i.e., stiff or painful elbow or neurological disorder); 6) previous operations or fractures
involving the elbow; and 7) expected problems with completing follow-up (e.g., insuffi-
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cient comprehension of the Dutch language). Baseline characteristics were gender, age,
body mass index (BMI), affected side, hand dominance, and educational attainment.
Patients completed a set of questionnaire during outpatient visits at one (pain only),
three (pain only), and six weeks, and at three, six, and 12 months after randomization.

Questionnaires

The PROMs used were the Quick-DASH (Disabilities of the Arm, Shoulder and Hand)
score,'”'* Oxford Elbow Score (OES),*'”'* Mayo Elbow Performance Index (MEPI),"”
pain level (Visual Analog Scale, VAS), EuroQol-5D (EQ-5D),” and Short Form-36
(SF-36).!

Region-specific questionnaires

The OES is a 12-item, three domain (elbow function, pain and social-psychological;
4 items each) questionnaire, reflecting injury-related quality of life..Each domain is
transformed into a 100-point metric scale with higher score representing better out-
come.”” The same accounts for the total score. The OES was translated from English
into Dutch in compliance with translation guidelines.” '*** Permission for the use of
the OES for this study was obtained from Oxford and Isis Outcomes, part of Isis In-
novation Limited (website: http://www.isis-innovation.com/).

The Quick-DASH is a shortened version of the DASH-score and contains 11 items. It
reflects both function and pain in persons with musculoskeletal disorders of the upper
extremity. To be able to calculate a score, at least 10 of the 11 items must be completed.
The score is measured on a 100-point scale with higher score representing greater dis-
ability."”'®

The MEPI consists of four domains: pain (one item, maximum score 45 points),
range of motion (20 points), stability (one item, 10 points), and function (5 items, 5
points each). Each domain is transformed into a 100-point scale with higher score
representing better outcome."

Generic health-related quality of life questionnaires

The SF-36 is a validated health survey with 36 questions that represent eight health
domains (physical functioning (PF; ten items), role limitations due to physical health
(RP; four items), bodily pain (BP; two items), and general health perceptions (GH; five
items), vitality, energy, or fatigue (VT; four items), social functioning (SF; two items),
role limitations due to emotional problems (RE; three items), and general mental
health (MH; five items) that are combined into a physical and a mental component
scale (PCS and MCS, respectively). The score ranges from 0-100 with higher scores
representing higher quality of life. The scores are converted and compared with the
norms for the general population of the United States.”’ The SF-36 is the most widely
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evaluated patient-reported outcome measure for assessing general health.”” A validated
Dutch version is available.”’

The EQ-5D-3L is a validated descriptive system of health-related quality of life
consisting of five domains: mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression. Each domain has three possible answers: no problems, moderate
problems, or extreme problems. In addition, the individual’s rating of his/her quality
of life state is recorded by means of a standard Visual Analog Scale (EQ VAS). Higher
scores represent better health-related quality of life.”*** A validated Dutch version is
available.”

Statistical analysis

Analyses were performed using the Statistical Package for the Social Sciences (SPSS)
version 21, and are reported in compliance with the COnsensus-based Standards for
the selection of health Measurement INstruments (COSMIN) guidelines. Descriptive
statistics was used in order to describe the main characteristics of the study participants.

Reliability

Reliability can be expressed in internal consistency, which is a measure of the extent to
which items within a questionnaire (sub-)scale items are correlated, thus are answered
by the respondents the same way." For every (sub-)scale, the correlation between the
items was calculated using Cronbach’s alpha. A value between 0.70 and 0.95 was con-
sidered as an acceptable level of internal consistency.*

Validity
Validity is the degree to which a PROM measures the construct it is supposed to mea-
sure. As there was no gold standard in the current study, the validity of the OES was
expressed in terms of the construct validity validity. Construct validity refers to the
extent to which scores on a particular measure relate to other measures in a manner
that is consistent with theoretically derived hypotheses concerning the concepts that
are being measured.” ** Normality of continuous data was evaluated from frequency
histograms (Q-Q plots). The construct validity was assessed by determining the cor-
relation of the OES (sub)domains with subdomains of the DASH, MEPI, SF-36, and
EQ-5D using Spearman’s Rho (rank correlation). Correlation coefficients above 0.6, 0.6
to 0.3 and less than 0.3 were considered high, moderate, and low correlations, respec-
tively.”” Construct validity was given a positive rating if at least 75% of the results were
in line with the predefined hypotheses.***

Responsiveness is defined as the ability of a questionnaire to detect clinically im-
portant changes over time.” Longitudinal validity can be considered to be a measure
of responsiveness. Longitudinal validity is the degree to which change scores of a
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particular measure relate to changes of the “golden standard” or to changes of other
instruments.”® Analogous to construct validity, longitudinal validity was assessed by
testing predefined hypotheses about expected correlations between changes in OES
(sub-)scales and changes in the DASH, MEPI, SF-36, and EQ-5D."** Change scores
were calculated as the difference in score at six weeks and 12 months. Predefined hy-
potheses for both construct and longitudinal validity are given in appendix 1 and were
made in consensus between three authors (GITI, DDH, and EMMVL).

Minimal clinically important difference

The minimal clinically important difference (MCID) is defined as the smallest change
in score to be measured which patients perceive as important.” An anchor-based
method was used as this gives a better indication of the importance of the observed
change to the patient.* In addition to the PROMs patients completed a transition
item (anchor question) reflecting patient-reported judgment of change in the general
condition of their elbow. The question was: How would you judge the condition of
your elbow, compared with the last time you completed this questionnaire? The item
scored from 1 “completely recovered” through 2 “much better”, 3 “slightly better”, 4
“no change”, 5 “slightly worse”, 6 “much worse”, or 7 “worse than ever”. An anchor is
judged as useful if a correlation (r > 0.29) between the anchor and the change score of
the PROM could be demonstrated using a Spearman’s Rho (rank correlation).* * ** *
The corresponding change score (score at previous follow-up subtracted from the score
at time of completion of the transition item) for patients who answered the transition
item as “slightly better” can be considered the MCID.” Current data did not allow an
adequate distribution-based analysis of the MCID as this requires a test-retest analysis.
As a substitute for the test-retest analysis we used the change scores for patients who
reported “no change” on the transition item. The SEM was calculated by dividing the
standard deviation of the mean difference between both measurements (SD change) by the
square root of two.** This could be considered as a measure of absolute measurement
error.* Subsequently, the SDC was calculated by multiplying the 1.96 by the SEM and
by the square root of two.*

Floor and ceiling effects

The presence of floor or ceiling effects makes it impossible to discriminate deteriora-
tion in patients with the lowest possible score and improvement in patients with the
highest possible score, respectively. A floor or ceiling effect was considered as present
if more than 15% of the patients in a sample size of 50 patients achieved the lowest or
highest possible score, respectively.*
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RESULTS

One hundred patients were included, of which 48 were treated with early mobilization
and 52 with plaster immobilization for three weeks. One patient was lost to follow-up
and six missed one follow-up visit. Baseline characteristics are displayed in Table 1.

Table 1. Baseline characteristics

Characteristics Total population N=100
Male 42
Age (years) 46 (32-59)
Body Mass Index (kg/mz) 24.6 (22.4-28.4)
Right side affected 53
Dominant side affected 46
Highest education
Elementary school 2
Course-based education 13
Vocational education 15
Secondary vocational education 26
Senior secondary vocational education 8
Higher education 26
University 10

Data are shown as median (P,;-P;;5) or as a number.

Reliability

The Cronbach’s alpha of total OES and all subdomains ranged from 0.827 to 0.916 and,
representing excellent internal consistency (Table 2). Quick-DASH and SF-36 demon-
strated Cronbach’s alpha values between 0.741 and 0.923 indicating adequate internal
consistency. Internal consistency of the EQ-5D and MEPI was inadequate as it did not
reach the Cronbach’s alpha threshold value of 0.70.

Validity
Construct validity is shown in Table 3. The calculated Spearman’s Rho (rank cor-
relation) coeflicients were in line with predefined hypotheses in 37 of the 42 (88%)
values, indicating good construct validity. As expected, strong correlations between all
subdomains of the OES and other physically orientated questionnaires (DASH, MEPI,
and SF-36 PCS) were observed.

Longitudinal validity is displayed in Table 4. The calculated Spearman’s Rho (rank
correlation) correlations were in line with predefined hypotheses in 34 out of the 42
(81%) values, indicating adequate longitudinal validity.
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Table 2. Internal consistency of the instruments used

Instrument N Number of items Cronbach’s alpha
OES Total 394 12 0.916
Pain 394 4 0.827
Function 394 4 0.839
Social-psychological 394 4 0.856
Quick-DASH 394 11 0.898
MEPI Total 392 6 0.295
EQ-5D 393 5 0.611
SF-36 Total 394 35 0.906
PF 394 10 0.870
RP 394 4 0.902
BP 394 2 0.777
GH 394 5 0.783
VT 394 4 0.741
SE 394 2 0.802
RE 394 3 0.923
MH 394 5 0.820
SE-36 PCS 394 21 0.876
SF-36 MCS 394 14 0.858

PE, physical functioning; RP, role limitations due to physical health; BP, bodily pain; GH, general health percep-
tions; VT, vitality, energy, or fatigue; SE, social functioning; RE, role limitations due to emotional problems;
MH, general mental health; PCS, physical component summary; MCS, mental component summary.

Minimal clinically important change

Anchor- and distribution-based MCID values are displayed in Table 5. The transition
item demonstrated adequate correlation (i.e., r >= 0.3) with the change scores of the
total OES score, all OES subdomains and the DASH. The MCID was 8.22 points for
the OES total instrument, 7.35 points for the OES pain subdomain, 5.59 points for
OES function, and 11.73 points for OES social-psychological. The MCID for the Quick-
DASH change score was -1.54 points. The SDC (distribution-based MCID) was 11.96
for the OES total and 12.87, 14.05, and 25.04 for the OES pain, function, and social-
psychological subdomains, respectively.

Floor and ceiling effects

None of the PROMs evaluated showed a floor effect. From six weeks onwards the MEPI,
VAS, and EQ-5D US demonstrated a ceiling effect (Figure 1); 32%, 29%, and 29% of the
patients, respectively, reported the maximum score. From three months onwards the
Quick-DASH demonstrated a ceiling effect; 29% of the patients reported the maximum
score. The OES as a total score demonstrated a ceiling effect only from six months
onwards; 27% of the patients reported the maximum score.
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Table 5. Anchor- (MCID) and distribution-based (SDC) minimal important change values

Anchor-based approach Distribution-based approach
“slightly better” (N=57) (N=31)
MCID (95% CI) SD hange SEM SDC
OES Pain 7.35 (3.33;11.36) 6.57 4.64 12.87
Function 5.59 (1.96;9.23) 7.17 5.07 14.05
Social-psychological 11.73 (7.57;15.89) 12.78 9.03 25.04
Total 8.22 (5.71;10.74) 6.10 4.32 11.96
DASH -1.54 (-2.40;-0.69) 2.74 1.94 5.37

MCID, minimal clinically important change; SD g > standard deviation of the change score of patients that
reported “no change” on the transition item; SEM, standard error of measurement; SDC, smallest detectable
change.

Figure 1. Ceiling effects of the instruments used

OES Total -E—|

OES Pain #‘
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N= 99 for all instruments at 6 weeks, N=100 at 3 months (except for the MEPI (N=99)), N=97 at 6 months
(except for the MEPI (N=96)), and N=99 at 12 months (except for the MEPI (N=97) and EQ-5D VAS (N=98)).
The dotted line represents the acceptable 15% of patients with the maximum score as proposed by Terwee et
al”'. The SF-36 BP, PE, PCS and MCS did not demonstrate a ceiling effect and are not displayed. None of the
instruments demonstrated a floor effect.
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DISCUSSION

This study showed that the OES is a reliable and valid instrument for the evaluation and
follow-up of patients after a simple elbow dislocation that was treated non-operatively.
The anchor-based MCID was 8.22 points.

The reliability of the OES (Cronbach’s alpha 0.916) was comparable with published
values.'”'** The OES had the highest Cronbach’s alpha of all PROMs studied, making it
the most reliable questionnaire. This is in agreement with previous studies.” The MEPI
demonstrated inadequate internal consistency which had also been shown previously.*
The OES proved its validity by demonstrating strong correlations with the DASH,
MEPI, and SF-36 PCS. The latter is a novel observation, as no data were available on
the correlation between the OES and SF-36 PCS. The correlation with the DASH and
MEPI has been published before for patients who had undergone elbow surgery.” **
There is no available literature concerning the validity of the OES in non-operatively
treated patients. The correlation in change scores between the subdomains of the OES
and DASH are comparable with data from Dawson et al.” Change scores of the OES also
correlated strongly with change scores of the DASH. Remarkably, the change scores of
the OES only correlated moderately with the MEPI. This could be explained by the fact
that the MEPI demonstrated significant ceiling effects from the first follow-up onwards,
which enables a questionnaire to reveal actual changes over time.

The interpretability represented by the MCID was 8.22 for the total OES score. The
MCIDs for the OES pain, function and social-psychological subdomains (7.35, 5.59,
and 11.73 points, respectively) were lower than for patients who underwent elbow sur-
gery (17.41-19.23, 9.23-9.64, and 17.79-18.30 points, respectively) as reported before.’
Although the number of 14 patients who answered “slightly better” on the transition
item was much lower than the 57 patients in the current study, the difference in popula-
tion most likely explains the difference in MCID.* MCID values are known to differ
depending on patient population and the type of injury and intervention.”** Although
the MCID for the OES in this study was evaluated in a cohort of patients with a simple
elbow dislocation, one may expect that the MCID can be extrapolated to also be useful
in the evaluation of other non-operatively treated elbow injuries.

The MCID for the Quick-DASH was only -1.54 points. This is hard to believe for
a scale that runs from 0 to 100, especially as previously published anchor-based
MICD values for the DASH-score ranged from 8 to 16 points.”*' The most plausible
explanation for this is again the fact that already on the first evaluation (six weeks)
the Quick-DASH showed a ceiling effect, which implies that subtle impediments and
changes cannot be measured from that point onward. This emphasizes the need for
elbow-specific questionnaires like the OES for the less severe types of injuries. The
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OES also demonstrated a ceiling effect, however not before the six months follow-up
moment, at which time patients were recovered to the largest degree.

Ideally, the MCID should be larger than the smallest detectable change (SDC) in
order to be able to differentiate between “real” change and change caused by measure-
ment error.* For the OES and DASH the SDC was larger than the anchor-based MCID.
A previous study that also used both anchor- and distribution-based methods for cal-
culating the MCID, also found that SDC values were higher than anchor-based MCID
values.” This might lead to the conclusion that the observed anchor-based MCID values
are unreliable as they fall within the range that could be due to chance. The SEM in
the current study was calculated with the corresponding change scores of patients that
answered “no change” on the transition item as a surrogate for test-retest values. This
could have introduced some bias, which might have influenced the SDC value. Future
studies should include an adequate test-retest analysis in order to be able to calculate
a true SEM. Nevertheless, the anchor-based MCID values are the closest estimate of
actual clinical change, therefore the MCID values in current study are of definite value.

This study has some limitations. First, the relatively long time between the follow-up
moments hindered an adequate test-retest analysis. Furthermore, it could also have led
to recall bias with regard to the transition item. However, the interval for the transition
item in the only other study that analyzed the MCID of the OES using an anchor-based
approach was at least six months.” Secondly, the transition item for the MCID analysis
included “completely recovered” was a heterogeneous group. This group included pa-
tients who 1) were already completely recovered at the previous follow-up visit; 2) truly
experienced no change; or 3) reported complete recovery for the first time but actu-
ally improved little/much since the previous follow-up. For future studies the outlying
answers (i.e., “completely recovered” and “worse than ever”) should be left out.

Strengths of this study were its sample size and homogenous patient population.
Furthermore, to the best of our knowledge, it is the first study to validate the OES for
patients with elbow injuries treated non-operatively. Previous studies focused primar-
ily on operated patients.” ' '*'*

In summary, the OES has proven to be a reliable and valid instrument for evaluating
elbow-related quality of life in patients who sustained a simple elbow dislocation. Whereas
validity was known for surgically treated elbow injuries, this study demonstrated the OES is
also valid for elbow injuries treated non-operatively. The OES is a useful instrument for re-
search purposes, and could play an important role in daily practice. The anchor-based MCID
facilitates statistical power analysis and sample-size calculations for future clinical studies.
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ABSTRACT

Background

Elbow dislocations can be classified as simple or complex. Simple dislocations are char-
acterized by the absence of fractures, while complex dislocations are associated with
fractures of the radial head, olecranon, or coronoid process. The majority of patients
with these complex dislocations are treated with open reduction and internal fixation
(ORIF), or arthroplasty in case of a non-reconstructable radial head fracture. If the
elbow joint remains unstable after fracture fixation, a hinged elbow fixator can be ap-
plied. The fixator provides stability to the elbow joint, and allows for early mobilization.
The latter may be important for preventing stiffness of the joint. The aim of this study
is to determine the effect of early mobilization with a hinged external elbow fixator on
clinical outcome in patients with complex elbow dislocations with residual instability
following fracture fixation.

Methods/Design

The design of the study will be a multicenter prospective cohort study of 30 patients who
have sustained a complex elbow dislocation and are treated with a hinged elbow fixator
following fracture fixation because of residual instability. Early active motion exercises
within the limits of pain will be started immediately after surgery under supervision of
a physical therapist. Outcome will be evaluated at regular intervals over the subsequent
12 months. The primary outcome is the Quick Disabilities of the Arm, Shoulder, and
Hand score. The secondary outcome measures are the Mayo Elbow Performance Index,
Oxford Elbow Score, pain level at both sides, range of motion of the elbow joint at both
sides, radiographic healing of the fractures and formation of periarticular ossifications,
rate of secondary interventions and complications, and health-related quality of life
(Short-Form 36).

Discussion

The outcome of this study will yield quantitative data on the functional outcome in pa-
tients with a complex elbow dislocation and who are treated with ORIF and additional
stabilization with a hinged elbow fixator.

Trial Registration

The trial is registered at the Netherlands Trial Register (NTR1996).
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BACKGROUND

The elbow joint is the second most commonly dislocated joint in adults. The annual
incidence of elbow dislocations in children and adults is 6.1 per 100,000. ' Elbow dislo-
cations are classified as being simple or complex. > Simple dislocations are dislocations
without fractures. Complex dislocations are associated with fractures of the radial head,
olecranon, or coronoid process. In patients with an elbow dislocation the incidence of
radial head fractures is 36%, whereas coronoid process fractures occur in 13%, and
olecranon fractures in four percent of patients. '

The radial head and coronoid process are considered to be important bony stabilizers
of the elbow. The fundamental goal in the management of complex elbow dislocations
is the restoration of the osseous-articular restraints. Therefore, the majority of these
complex dislocations is treated with open reduction and internal fixation (ORIF) * or
primary arthroplasty in case of a non-reconstructable radial head fracture.

Assessment of stability of the joint following ORIF of a complex elbow dislocation
is essential. Signs of instability are redislocation, a positive pivot shift test and positive
valgus and varus stress testing. At present instability following ORIF or arthroplasty is
usually treated with primary ligament repair and/or a period of plaster immobilization.

A period of plaster immobilization may result in a limited range of motion and a stiff
elbow with subsequent disability. A hinged external elbow fixator, on the other hand,
may provide enough stability to start early mobilization after ORIF or arthroplasty
and may prevent residual instability and stiffness. *° No randomized controlled tri-
als comparing hinged external fixation and plaster immobilization are available. This
may be due to the low incidence of patients with a complex elbow dislocation with
remaining instability after ORIF or arthroplasty. Until now only small observational
studies of patients with complex elbow dislocations have been published. ***"'* These
studies showed promising functional results following treatment with a hinged elbow
fixator."" "

The primary objective of this prospective cohort study is to study the functional
outcome, pain, and health-related quality of life in patients who sustained a complex
elbow dislocation and were treated with ORIF and/or arthroplasty of the radial head
and a hinged external fixator due to residual instability. Our hypothesis is that early
mobilization will prevent stiffness and will result in a satisfactory functional outcome

at one year.
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METHODS AND DESIGN

Study design

Multi-center cohort study in all consecutive patients who sustained a complex elbow
dislocation and were treated with a hinged external fixator for residual instability after
ORIF and/or arthroplasty of the radial head. Sixteen centers in the Netherlands will
participate. The study started August 28, 2009.

Recruitment and consent

The decision to apply the hinged fixator for residual instability following fracture
fixation will be left to the discretion of the surgeon. If a fixator is applied, patients will
receive information and a consent form from the attending physician, the clinical in-
vestigator or a research assistant postoperatively. Patients meeting all inclusion criteria
and none of the exclusion criteria will be included before discharge or at the time of
their first outpatient visit (two weeks after surgery), which will give them on average
one week to consider their participation.

Study population
Patients meeting the following inclusion criteria are eligible for enrolment:
Men or women aged 18 years and older (with no upper age limit)
Patient with a complex elbow dislocation (i.e., dislocation of the elbow joint, com-
bined with at least a fracture of the radial head, coronoid process, or olecranon)
Patient was treated with a hinged external fixator after ORIF and/or arthroplasty of
the radial head due to persistent instability
Provision of informed consent by patient
Since there is currently no consensus regarding the most valid and reliable test for
assessing elbow joint instability, this will be left to the discretion of the surgeon per-
forming the operation. This reflects common practice, and will increase translatability
of the outcome of our study. In order to warrant performance of stability tests across
participating sites, a detailed description of stability tests (i.e., varus stability, valgus
stability, and pivot shift test for posterolateral rotatory stability) is included in the
protocol.

If any of the following criteria applies, patients will be excluded:
Patients with a concomitant distal humeral fracture
Patients with additional substantial traumatic injuries of the affected upper limb
Patients who underwent repair of the collateral ligaments
Patients with an impaired elbow function (i.e., stiff or painful elbow or neurological
disorder of the upper limb) prior to the injury
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Retained hardware around the affected elbow
Likely problems, in the judgment of the investigators, with maintaining follow-up
(e.g., patients with no fixed address will be excluded)
Insufficient comprehension of the Dutch language to understand the rehabilitation
program and other treatment information in the judgment of the attending physi-
cian
Exclusion of a patient because of enrolment in another ongoing drug or surgical interven-
tion trial will be left to the discretion of the attending surgeon on a case-by-case basis.

Intervention

The external fixator used is the Orthofix Elbow Fixator (Orthofix Verona, Italy). The
surgical approach to the fracture site is left to the surgeon’s discretion. Following ORIF
of the fractures and/or arthroplasty of the radial head, the center of rotation of the
elbow is identified. A two mm K-wire is inserted into the center point of the capitellum
humeri which is identified on an exact lateral fluoroscopic image. Next, the external
fixator is mounted, first fixating the proximal humeral clamp and subsequently the
distal ulnar clamp. Exact reduction of the elbow joint is evaluated with image intensi-
fier in lateral and anteroposterior direction during flexion and extension. The surgical
technique is described in more details elsewhere. "> After surgery, patients are allowed
to use a sling for two days to one week. Pin-site care will be performed daily by the
patient following instruction given by the treating physician. After surgery patients
will receive indomethacin 2dd 50 mg for six weeks (in combination with acid blocking
medication) in order to prevent heterotopic ossification of the elbow, unless NSAIDs
are contraindicated. '* The external fixator will be removed six weeks after surgery.
Extension, flexion and pro- and supination active and passive exercises are started
immediately after surgery if tolerated under supervision of a professional physical
therapist, who they can freely select.

Outcome measures
The primary outcome measure is the Quick-DASH (Disabilities of the Arm, Shoulder
and Hand) score, which reflects both function and pain after one year. '* The DASH
Outcome Measure is a validated 30-item, self-reported questionnaire designed to help
describe the disability experienced by people with upper-limb disorders and also to
monitor changes in symptoms and function over time. '>'°

The Quick-DASH is a shortened version of the DASH Outcome Measure. Instead of
30 items, the Quick-DASH uses 11 items (scored 1-5) to measure physical function and
symptoms in people with any or multiple musculoskeletal disorders of the upper limb.
The right and left elbow will be assessed separately. At least 10 of the 11 items must
be completed for a score to be calculated. The scores will be transformed to a 0-100
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scale for easy comparison. A higher score indicates greater disability. The test-retest
reliability of the Quick-DASH was 0.90. "/

Like the DASH, the Quick-DASH also has two optional modules intended to measure
symptoms and function in athletes, performing artists and other workers whose jobs
require a high degree of physical performance. These optional models are scored sepa-
rately; each contains four items, scored 1-5. All items must be completed for a score to
be calculated.

The secondary outcome measures are:

Functional outcome (Mayo Elbow Performance Index and Oxford Elbow Score)
Pain level at both sides (VAS)

Range of Motion of the elbow joint at both sides

Radiographic healing of the fractures

Rate of secondary interventions

Rate of complications

Health-related quality of life (SF-36)

The Mayo Elbow Performance Index (MEPI) is one of the most commonly used
physician-based elbow rating systems. This index consists of five parts: pain (with a
maximum score of 45 points), ulnohumeral motion (20 points), stability (ten points),
the ability to perform five functional tasks (5x5 points) and the patient response. If the
total score is between 90 and 100 points, it is considered excellent; between 75 and 89
points, good; between 60 and 74 points, fair; and less than 60 points, poor. '*

The Oxford Elbow Score is a 12-item questionnaire. It is comprised of three one-
dimensional domains: elbow function, pain and social-psychological, with each do-
main comprising of four items with good measurement properties. ' This is a validated
questionnaire in the UK and was translated to Dutch by the proper translation proce-
dure, which uses the technique of translation and back-translation. **** Permission for
translation and the use of the Oxford Elbow Score for this study was obtained from
Oxford and Isis Outcomes, part of Isis Innovation Limited (website: http://www.isis-
innovation.com/)

Pain level will be determined using a 10-point Visual Analog Scale (VAS), in which
zero implies no pain and ten implies the worst possible pain.

Range of motion (ROM) will be determined by measure flexion/extension and pro-/
supination on both sides using a goniometer.

Radiographic healing will be determined using X-rays. Fractures are considered
healed if one of the following three criteria is met: (a) Bridging of fracture by callus/
bone trabeculae or osseous bone; (b) Obliteration of fracture line/cortical continuity;
(c) Bridging of fracture at three cortices.
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Secondary intervention within one year of initial treatment to promote fracture heal-
ing, relieve pain, treat infection, or improve function will be recorded. This includes
incision and drainage for surgical site infection or deep infection, repositioning or
removal of the fixator, reosteosynthesis, implant removal, or ligament repair.

Complications within one year of initial treatment will be recorded. These include het-
erotopic ossification, infections, bleeding, venous thrombosis, and neurological deficits)

The Short-Form 36 (SF-36) is a validated multi-purpose, short-form health survey
with 36 questions that represent eight health domains that are combined into a physical
and a mental component scale. ** The Physical Component Scale (PCS) combines the
health domains of physical functioning (PF; ten items), role limitations due to physical
health (RP; four items), bodily pain (BP; two items), and general health perceptions
(GH; five items). The Mental Component Scale (MCS) combines the health domains
of vitality, energy, or fatigue (V'T; four items), social functioning (SF; two items), role
limitations due to emotional problems (RE; three items), and general mental health
(MH; five items). Scores ranging from zero to 100 points are derived for each domain,
with lower scores indicating poorer function. These scores will be converted to a norm-
based score and compared with the norms for the general population of the United
States (1998), in which each scale was scored to have the same average (50 points) and
the same standard deviation (ten points).

In addition to the outcome variables mentioned above, the following data will be col-
lected:
Intrinsic variables (baseline data): age, gender, American Society of Anesthesiolo-
gists’ ASA classification, tobacco consumption, alcohol consumption, comorbidity,
dominant side, medication use, Quick-DASH score prior to the injury, pain level at
both sides prior to the injury (VAS), and SF-36 score prior to the injury.
Injury related variables: affected side, mechanism of injury, and postoperative
assessment of varus, valgus and posterolateral rotatory instability, fracture loca-
tion (i.e., radial head, coronoid process, olecranon), fracture classification of the
coronoid process according to Regan & Morrey *, and fracture classification of the
radial head according to Mason & Johnston. *®
Intervention-related variables: surgical delay (i.e., time between fracture and sur-
gery), time between injury and start of physical therapy, and number of physical

therapy sessions

Study procedures [Table 1]

Clinical assessments will take place at the time of admission to the hospital (baseline),
two weeks (7-28 days window), six weeks (4-8 weeks window), three months (11-15
weeks window), six months (5-7 months window), and 12 months (12-14 months
window) after surgery. At each follow-up moment, the research coordinator or research
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assistant will ascertain patient status (i.e., secondary interventions, adverse events/
complications), and will verify information within medical records. At the last visit, the
surgeon will document any surgery that may be planned for the patient.

Anteroposterior and lateral X-rays of the elbow will be made at the time of presenta-
tion to the hospital (baseline), within 48 hours post-surgery, and at all follow-up visits
listed above. These X-rays will be used to determine the time to radiographic healing
and amount and location of heterotopic ossification.

At baseline, patients will be asked to complete the Quick-DASH, VAS, and SF-36
questionnaires. This relates to the situation prior to the injury, so in order to minimize
recall bias as much as possible, the questionnaires will be completed as soon after
surgery as possible. At the two weeks follow-up visit and each visit thereafter, the range
of motion of the elbow joint will be measured by a doctor or research assistant using a
goniometer. At these follow-up visits, the patients will complete a questionnaire relat-
ing to pain (VAS). The MEPI index will be determined from six weeks onwards. At the
six week follow-up visit and each visit thereafter patients will be asked to complete the

Quick-DASH, Oxford Elbow Score, and SF-36 questionnaires.

Table 1. Schedule of events

0 = < e @ 279
£ 2 ¢ i g3 g9 22 £3 ii
: 3 gE fx f: EI Eo i3
3 | & vV 3 a o 3 o = o L &
Screening X
X-ray X X X X X X X
Informed Consent X
Baseline data X
Quick-DASH X X X X X
Pain (VAS) X X X X X X
SF-36 X X X X X
Clinical follow-up X X X X X
Revision surgery X X X X X
Complications X X X X X
ROM X X X X X
MEPI X X X X
Oxford Elbow Score X X X X
Early withdrawal * * * * * &

*, only if applicable
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Sample size calculation
Calculation of the required sample size for this study is not constructive. This study is a
case series based on the assumption that for introducing and acquiring experience in a

new operative technique a sample size of 30 patients is required. ***’

Statistical analysis

Data will be analyzed using the PASW Statistics version 18.0.1 or higher (SPSS, Chi-
cago, Illinois, USA). Normality of continuous data will be checked by inspecting the
frequency distributions (histograms) and normal Q-Q plots. Data will be reported in
compliance with the CONSORT (CONsolidation of Standards of Reporting Trials)
guidelines. ***’ In the unlikely event that a fixator will be removed within six weeks,
patients will be followed and analyzed on an intention to treat basis.

Descriptive analysis will be performed in order to report baseline characteristics
(i.e., intrinsic, injury-related and fracture-related variables) and outcome measures.
For continuous variables (e.g., age, Quick-DASH score, MEPI, VAS, and SF-36 score)
mean + SD (if normally distributed) or medians and percentiles (if not normally dis-
tributed) will be calculated. For categorical variables (e.g., gender, ASA grade, alcohol
and tobacco consumption, dominant and affected side) frequencies will be calculated.

Multiple linear regression analysis will be performed in order to model the relation
between different covariates and the Quick-DASH score. Intrinsic and fracture-related
variables will be added as covariate. Similar models will be made to model the relation
between covariates and the other outcome measures. A p-value <0.05 will be taken as

the threshold of statistical significance.

Ethical considerations

The study will be conducted according to the principles of the Declaration of Helsinki
(59th World Medical Association General Assembly, Seoul, October 2008) and in ac-
cordance with the Medical Research Involving Human Subjects Act (WMO).

The Medical Ethics Committee Erasmus MC (Rotterdam, The Netherlands)
acts as central ethics committee for this trial (reference number MEC-2009-240;
NL28503.078.09). Approval has been obtained from the local Medical Ethics Com-
mittees in all participating centers. Obtaining medical ethics approval has coordinated
and organized by a central research coordinator (EMMVL), who is part of the key
investigator team and employed by the initiating site Erasmus MC. She prepared all
documents for the participating sites and answered questions of the local ethics com-
mittees if there were any. This was always following review and approval of the site
principal investigator. All participating surgeons have had GCP training previously or
were trained at the initiation visit in order to meet legal requirements.
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An information letter notifying the patients’ participation will be sent to their general
practitioners, unless a patient does not agree with this.

The Medical Ethics Committee Erasmus MC has given dispensation from the statu-
tory obligation to provide insurance for subjects participating in medical research (ar-
ticle 7, subsection 6 of the WMO and Medical Research (Human Subjects) Compulsory
Insurance Decree of 23 June 2003). The reason for this dispensation is that participa-
tion in this study is without risks.

DISCUSSION

The outcome of this study will yield quantitative data on the functional outcome
patients with a complex elbow dislocation and who are treated with ORIF and ad-
ditional stabilization with a hinged elbow fixator. Early functional treatment may lead
to a better ROM and prevent elbow stiffness. Furthermore, the data as collected during
this study may be used for designing future (randomized) clinical trials. Inclusion of
patients has been started August 28, 2009 and the expectation is to include 2-3 patients
per month. With a follow-up of one year the presentation of data will be expected at
the end of 2012.

LIST OF ABBREVIATIONS USED

ASA, American Society of Anesthesiologists; BP, Bodily Pain; CONSORT, CONsoli-
dated Standards of Reporting Trial; DASH, Disabilities of the Arm, Shoulder and Hand
score; GH, General Health perception; MCS, Mental Component Scale; MEPI, Mayo
Elbow Performance Index; MH, general Mental Health; NTR, Netherlands Trial Regis-
try (in Dutch: Nederlands Trial Register); ORIF, Open Reduction and Internal Fixation;
PCS, Physical Component Scale; PE, Physical Functioning; RE, Role limitations due
to Emotional problems; ROM, Range Of Motion; RP, role limitations due to physical
health; SE, Social Functioning; SF-36, Short Form 36; SPSS, Statistical Package for the
Social Sciences; VAS, Visual Analog Scale; VT, vitality, energy, or fatigue.; WMO, Medi-
cal Research Involving Human Subjects Act (in Dutch: Wet Medisch-wetenschappelijk
Onderzoek met mensen).
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ABSTRACT

Background

After a complex dislocation, some elbows remain unstable after closed reduction or
fracture treatment. Functional aftertreatment with a hinged external fixator theoreti-
cally allows collateral ligaments to heal without surgical reconstruction. However, there
is a lack of prospective studies that assess functional outcome, pain, and ROM.

Question/purposes

We asked: (1) In complex elbow fracture-dislocations, does treatment with a hinged
external fixator result in reduction of disability and pain, and in improvement in ROM,
function, and quality of life? (2) Does delayed treatment (7 days or later) have a negative
effect on ROM after 1 year? (3) What are the complications seen after external fixator

treatment?

Patients and Methods

During a 2-year period, 11 centers recruited 27 patients 18 years or older who were
included and evaluated at 2 and 6 weeks and at 3, 6, and 12 months after surgery as
part of this prospective case series. During the study period, the participating centers
agreed on general indications for use of the hinged external fixator, which included
persistent instability after closed reduction alone or closed reduction combined with
surgical treatment of associated fracture(s), when indicated. Functional outcome was
evaluated using the Quick Disabilities of the Arm, Shoulder and Hand (QuickDASH;
primary outcome) score, the Mayo Elbow Performance Index (MEPI), the Oxford
Elbow Score, and the level of pain (VAS). ROM, adverse events, secondary interven-
tions, and radiographs also were evaluated. A total of 26 of the 27 patients (96%) were
available for follow up at 1 year.

Results

All functional and pain scores improved. The median QuickDASH score decreased
from 30 (25"-75" percentiles [P25-P75], 23-40) at 6 weeks to 7 (P25-P75, 2-12) at 1
year with a median difference of 25 (p <0.001). The median MEPI score increased from
80 (P25-P75, 64-85) at 6 weeks to 100 (P25-P75, 85-100) at 1 year with a median dif-
ference of 15 (p <0.001). The median Oxford Elbow Score increased from 60 (P25-P75,
44-68) at 6 weeks to 90 (P25-P75, 73-96) at 1 year with a median difference of 29 (p
<0.001). The median VAS decreased from 2.8 (P25-P75, 1.0-5.0) at 2 weeks to 0.5 (P25-
P75,0.0-1.9) at 1 year with a median difference of 2.1 (p = 0.001). ROM also improved.
The median flexion-extension arc improved from 50° (P25-P75, 33°-80°) at 2 weeks to
118° (P25-P75, 105°-138°) at 1 year with a median difference of 63° (p <0.001). Simi-
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larly, the median pronation-supination arc improved from 90° (P25- P75, 63°-124°) to
160° (P25-P75, 138°-170°) with a median difference of 75° (p < 0.001). At 1 year, the
median residual deficit compared with the uninjured side was 30° (P25-P75, 5°-35°)
for the flexion-extension arc, and 3° (P25-P75, 0°-25°) for the pronation-supination
arc. Ten patients (37%) experienced a fixator-related complication, and seven patients
required secondary surgery (26%). One patient reported recurrent instability.

Conclusion

A hinged external elbow fixator provides enough stability to start early mobilization
after an acute complex elbow dislocation and residual instability. This was reflected
in good functional outcome scores and only slight disability despite a relatively high
complication rate.

Level of Evidence

Level IV, therapeutic study.
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BACKGROUND

Complex elbow dislocations, with injuries to osseous and ligamentous structures, are an
important cause of instability of the elbow. ' The goal in management of complex elbow
dislocations is to reconstruct a stable joint that tolerates a functional aftertreatment.'™
Elbows with residual instability frequently are treated with primary ligament repair
with or without plaster immobilization. However, ligament repair has its disadvantages.
Overtightening or malpositioning of the ligaments beyond the isometric point may
contribute to stiffness and instability. Furthermore, ligament repair increases the risk
of ulnar nerve injury and necessitates an extensive surgical approach. >” Moreover,
ligamentous repair may not be sufficient to stabilize the elbow in such a way that imme-
diate active movement is tolerated. “* Plaster immobilization is unattractive, because
earlier studies found that mobilization is essential during healing of injured ligaments
because the functional load on the collagen fibers prevents contracture and the risk of
stiffness.” "> Another alternative is the hinged external fixator, which stabilizes the elbow
and protects the elbow against valgus and varus stress and allows flexion and extension.
Theoretically, this will allow the ligaments to heal without additional reconstruction

and without compromising a functional aftertreatment.

Rationale

Previous reports on ROM and patient-reported outcome scores after the use of a hinged
external fixator in these types of injuries show promising but varying results. *'*’ This
is mostly because the majority of these studies were small retrospective case series.
There is a lack of prospective studies regarding the use of a hinged external fixator in
patients with instability after a complex elbow dislocation.

The aim of our study was to prospectively evaluate patients with acute complex elbow
dislocations and residual instability who were treated with a hinged external elbow fix-
ator and early mobilization in terms of (1) functional outcome; and (2) fixator-related
adverse events.

Study Questions

We attempted to answer the following questions: (1) In complex elbow fracture-dislo-
cations, does treatment with a hinged external fixator result in reduction of disability
and pain, and in improvement in ROM, function, and quality of life? (2) Does delayed
treatment (7 days or later) have a negative effect on ROM after 1 year? (3) What are the

complications seen after external fixator treatment?
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PATIENTS AND METHODS

Study Design and Setting

This study was a prospective multicenter case series. Surgeons representing 15 hospitals
participated. All surgeons were selected based on their clinical case experience with
this type of injury and the hinged elbow fixator. We assessed patients for eligibility for
this study between December 15, 2009, and December 13, 2011.

Participants/Study Subjects
During the study period, the participating centers agreed on general indications for
use of the hinged external fixator, which included (1) residual elbow instability after
open reduction and internal fixation of all associated fractures and/or radial head
replacement, or (2) persisting postreduction elbow instability of dislocations that were
accompanied by fractures that did not require fracture treatment. Inclusion criteria for
the study were patients 18 years or older with a complex elbow dislocation who were
treated with a hinged elbow fixator (Orthofixl elbow fixator; Orthofix International,
Bussolegno, Italy; FDA approved since September 15, 1999) for instability after closed
reduction alone or closed reduction combined with open treatment of associated
fracture(s) when indicated. A complex elbow dislocation was defined as any type of
elbow dislocation with fractures of the radial head, coronoid process, or proximal
ulna (olecranon). Residual instability was defined as spontaneous redislocation of the
joint, or as redislocation during flexion and extension or the pivot shift test. Valgus or
varus laxity without (sub)dislocation was not defined as residual instability and was
not considered an indication for fixator placement. These tests were performed in the
operating room directly after surgery. For patients who had closed reduction alone,
spontaneous redislocation was used as an indication for fixator placement. *' Exclusion
criteria were pathologic fractures, preexistent injuries of the affected arm, collateral
ligament repair, a fracture of the ipsilateral distal humerus, and additional traumatic in-
juries to the affected arm (ie, ipsilateral distal radius fracture). Patients with insufficient
understanding of the Dutch language or patients for whom problems in maintaining
follow up were expected also were excluded. All patients gave written informed consent
to participate in this study, which was approved by the medical research ethics commit-
tees of all participating hospitals. The study protocol was published elsewhere. **
During the study period, 42 patients experienced a complex elbow dislocation and
were screened for eligibility. Fifteen patients were excluded: seven patients had a stable
elbow after open reduction and internal fixation, four had additional injuries to the
ipsilateral arm, two had a fracture of the proximal humerus, one had only a subluxation
of the radial head, and one did not consent to participate (Figure 1). Twenty-seven
patients from 11 hospitals were included (Table 1). Those 27 patients were treated by
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14 different surgeons. Eight surgeons treated only one patient, three surgeons treated
two patients, one surgeon treated three patients, one surgeon treated four patients, and
one surgeon treated six patients. The majority of the patients were female (52%) with a
median age of 52 years (25th-75th percentiles [P25-P75], 38-59). All but one patient
completed 1 year follow up. This patient died of a nonsurgery-related accident and

completed only 6 weeks of follow up.

Figure 1. The study flowchart is shown.

Patients With Complex Elbow

Dislocations
N =42 Excluded N=15
- Did Not Meet Inclusion Criteria N=14
* Stable After ORIF N=7
* Additional Injury to Arm N=4
* Fracture of Distal Humerus N=2
* Only Radial Head Subluxation N =1
- Did Not Consent N=1
Included in Study
Lost to Followup N=1
WSz - At 6 Weeks N=1
Missed Followup N=9
- At 2 Weeks N=3
- At 6 Weeks N=1
- At 3 Months N=2
Included in Analysis - At 6 Months N=2
N =27 - At 12 Months N=1

Excluded From Analysis, N =0

ORIF = open reduction and internal fixation.

Data are provided as ‘median with the first and third quartiles given between parentheses or as "patient numbers
with the percentage given between parentheses; “type of dislocation unknown because of prehospital reduction or
absence of prereduction radiographic images when reduction occurred at another hospital; ASA = American Society
of Anesthesiologists.
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Table 1. Baseline characteristics

Characteristic N=27
Female' 14 (52%)
Age (years)‘ 52 (38-59)
BMI (kg/m?*)’ 26 (23-28)
ASA score’ 19 (70%)

1 7 (26%)

2 1 (4%)

3
Tobacco use' 7 (26%)
Alcohol use’ 19 (70%)
Injury to dominant arm’ 13 (48%)

Type of dislocation”

Posterior 14 (52%)
Posterolateral 10 (37%)
Lateral 1 (4%)
Unknown® 2 (7%)
Associated fractures’
Radial head 9(33%)
Radial head + coronoid process 9(33%)
Coronoid process 6 (22%)
Radial head + coronoid process + olecranon 1 (4%)
Radial head + olecranon 1 (4%)
Coronoid process + olecranon 1 (4%)
Radial head fractures™ 20 (74%)
Mason I 2 (10%)
Mason II 5 (25%)
Mason IIT 13 (65%)
Coronoid process fractures'** 17 (63%)
Regan and Morrey I 11 (65%)
Regan and Morrey IT 5(29%)
Regan and Morrey I1I 1(6%)
Olecranon fractures' 3 (11%)
Mayo IlTa 1 (6%)
Mayo IIIb 1(6%)
Monteggia fracture 1(6%)
Operative fracture treatment’ 19 (70%)

Fracture Characteristics

Nine patients (33%) presented with a terrible triad injury defined as an elbow disloca-
tion accompanied by fractures of the radial head and coronoid process (Table 2). Nine
patients (33%) had an isolated fracture of the radial head. In six patients (22%), the
dislocation was accompanied by an isolated fracture of the coronoid process. One pa-
tient (4%) had combined fractures of the coronoid process and olecranon, one patient
(4%) had combined fractures of the radial head and olecranon, and one (4%) sustained
fractures of the radial head, coronoid process, and olecranon. In 20 patients (74%) at
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least one of the fractures required open treatment, and seven patients underwent only
closed reduction before hinged external fixation. Time to surgery was a median of 6
days (P25-P75, 1-10).

Surgical Procedure

If instability was present after fracture treatment, a hinged external fixator was mounted.
With the elbow in 90° flexion, the central axis of rotation was located by overlapping the
capitellum and trochlea in a lateral fluoroscopic image. Perfect overlap of these struc-
tures resulted in a circle with the center of this circle representing the axis of rotation.
Along the axis of rotation, a 2-mm K-wire was inserted. Its position was confirmed on
the AP and lateral planes (Fig. 2). The central connecting unit of the external fixator
then was applied over the K-wire. The lateral aspect of the humerus was exposed by an
approximately 4-cm incision just distal to the insertion of the deltoid muscle taking
the radial nerve into account. The humeral screws were inserted and the clamp cover
was tightened. Subsequently, the ulnar screws were drilled laterally through a 4-cm
incision. After tightening this clamp, the image intensifier was used to check reduction
and congruency of the joint and alignment of the fixator. Flexion and extension were
required to go smoothly without compromising congruency during movement. A good
indicator for perfect alignment was the K-wire, which had to have no resistance in the
center of the connecting unit during motion of the elbow. Furthermore, no widening
of the joint space was accepted during flexion and extension on AP and lateral view
radiographs. Finally, the link-locking screws were tightened, the K-wire removed, and
the wounds on the upper arm and forearm approximated.

Aftercare

A protocol of supervised active and passive extension, flexion, and pronation and
supination exercises was started immediately after surgery if tolerated (Fig. 3). ** After
6 weeks, the external fixator was removed in the outpatient department without any
form of anesthesia. All patients received 50 mg indomethacin twice daily for 6 weeks
as heterotopic ossification prophylaxis, unless NSAIDs were contraindicated. A proton
pump inhibitor also was administered.
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Figure 2. Surgical procedure

Locating the center of rotation by overlapping the trochlea and capitellum of the humerus projecting them as a
perfect circle. The center of this circle is considered the axis of rotation (A). The depth of the K-wire is checked
in AP view. Care should be taken not to drill too deep in order to avoid harming the ulnar nerve.(B)

Outcome Assessment and Data Collection

Follow up data were collected at 2 weeks, 6 weeks, 3 months, 6 months, and 12 months
after surgery. Standard radiographs of the elbow were made at the time of admission,
within 48 hours after surgery, and at each follow up.

Variables, Outcome Measures, Data Sources, and Bias

The primary outcome was the Quick-Disabilities of the Arm, Shoulder and Hand
(QuickDASH) scores after 1 year, reflecting functional outcome and pain. ***” Second-
ary outcome measures were level of pain measured with a VAS, the Mayo Elbow Per-
formance Index (MEPI) , the injury-related quality of life measured with the Oxford

Elbow Score *%

, and health-related quality of life measured with the SF-36. ** Scores
for the SF-36 physical and mental component summaries were converted to a norm-
based score and compared with the norms for the general population of the United
States. ** Permission for translation and use of the Oxford Elbow Score for this study
was obtained from Oxford and Isis Outcomes, part of Isis Innovation Limited (http://
www.isis-innovation.com/). In addition, ROM was measured using a goniometer. All
physical examinations were performed by an investigator or research assistant from
the principal site in the presence of the treating surgeon. Complications and secondary
interventions were recorded. Radiographs were evaluated by two observers indepen-
dently (GITL, DDH) for type of dislocation, type of fractures, joint congruency, fracture
consolidation, and the presence of heterotopic ossifications. Radial head fractures were
classified using the Mason classification. ** Fractures of the coronoid process were clas-
sified according to the Regan and Morrey classification.”* Fractures of the olecranon
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were classified according to the Mayo classification. > Fractures were considered healed
if one of the following three criteria were met: (1) bridging of fracture by callus/bone
trabeculae or osseous bone; (2) obliteration of fracture line/cortical continuity; or
(3) bridging of fracture at three cortices. Heterotopic ossifications were classified as
present if there were immature calcifications, small mature ossifications, large mature
ossifications, or complete bone bridging/ankyloses. *' Radiographic results showed that
18 (78%) of patients showed radiographic healing and that 13 (57%) of patients showed
signs of heterotopic ossifications at one year (Table 3).

Table 3. Radiographic results at 1 year
Characteristic N=23

Fracture consolidation

Yes 18 (78%)

No 3 (13%)

NA 2 (9%)
Heterotopic ossifications

Yes 13 (57%)

No 10 (43%)

Radiographs at one year were not available for 4 patients. None of the patients showed radiographic signs of
instability at 1 year; NA = not applicable (these patients had a radial head fracture treated with radial head
replacement).

Statistical Analysis

Data were analyzed using SPSS Version 20.0 (Chicago, IL, USA). Normality of continu-
ous data was tested with the Shapiro-Wilk test and by inspecting frequency histograms
(Q-Q plots). Descriptive analysis was performed to describe baseline characteristics
(intrinsic, injury, and intervention-related variables) and outcome measures. Continu-
ous data are reported as medians and percentiles (nonparametric data) or as means and
SD (parametric data) and categorical data as numbers with percentages. A Wilcoxon
signed rank test was used to compare functional outcome scores at 1 year with those at
the first follow up measurement (ie, 2 weeks for ROM and 6 weeks for the QuickDASH,
Oxford Elbow Score, MEPI, and SF-36). A Mann-Whitney U test was performed to
assess statistical significance of difference in ROM between patients who received early
treatment (ie, within 7 days after initial injury) and those who received delayed treat-
ment (ie, 7 days or later after initial treatment). A p value less than 0.05 was considered
the level of statistical significance.
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Figure 3. One of the patients
=

A study patient is shown with his arm in (A) full flexion and (B) in extension immediately after surgery.
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RESULTS

Patient-reported Pain, Functional Outcome, and Quality of Life

All outcome measures except for the SF-36 Mental Component Summary improved
after the initial assessment (Fig. 4). The median QuickDASH score decreased from 30
(P25-P75, 23-40) at 6 weeks to 7 (P25-P75, 2-12) at 1 year with a median differ-
ence of 225 (p <0.001). The median level of pain (VAS) decreased from 2.8 (P25-P75,
1.0-5.0) at 2 weeks to 0.5 (P25-P75, 0.0-1.9) at 1 year with a median difference of 22.1
(p <0.001). The median MEPI increased from 80 (P25-P75, 64-85) at 6 weeks to 100
(P25-P75, 85-100) at 1 year with a median difference of 15 (p <0.001). The median
Oxford Elbow Score increased from 60 (P25-P75, 44-68) at 6 weeks to 90 (P25-P75,
73-96) at 1 year with a median difference of 29 (p <0.001). The median SF-36 Physical
Component Summary increased from 40 (P25-P75, 36-42) at 6 weeks to 52 (P25- P75,
47-55) at 1 year, with a median difference of 14 (p <0.001).The SF-36 Mental Com-
ponent Summary, however, remained similar (6-week median 58 [P25-P75, 46-61],
1-year median, 56 [P25-P75, 51-60], median difference, 22; p = 0.784).

Range of Motion

ROM for flexion-extension and pronation-supination arcs improved during follow up
(Fig. 5). The median flexionextension arc improved from 50° (P25-P75, 33°-80°) at
2 weeks to 118° (P25-P75, 105°-138°) at 1 year, with a median difference of 63° (p <
0.001). The median flexion improved from 100° (P25-P75, 90°-110°) to 140° (P25-
P75, 129°-145°), with a median difference of 33° (p <0.001) and the median extension
improved from 40° (P25-P75, 30°-60°) to 20° (P25-P75, 0°-26°), with a median dif-
ference of -30° (p <0.001). Similarly, the median pronation-supination arc improved
from 90° (P25-P75, 63°-124°) to 160° (P25-P75, 138°-170°), with a median difference
of 75° (p < 0.001). The median pronation improved from 55° (P25-P75, 33°-85°) to
83° (P25-P75, 75°-85°), with a median difference of 15° (p = 0.001) and the median
supination improved from 30° (P25-P75, 20°-45°) to 80° (P25-P75, 68°-85°), with a
median difference of 45° (p <0.001). At 1 year, the residual deficits compared with the
uninjured side were 30° (P25-P75, 5°-35°) for the flexion-extension arc and 3° (P25-
P75, 0°-25°) for the pronation-supination arc. The study population was divided into
a group that was treated within 7 days after initial injury (early treatment, n = 14) and
a group that was treated 7 days or later after initial injury (delayed treatment, n = 13).
There was a 15° difference in the arc of flexion and extension favoring the early treat-
ment group after 1 year: 128° (P25-P75, 114°-145°) versus 113° (P25-P75, 80°-119°),
respectively (p = 0.02). This difference was attributable mainly to the greater extension
deficit in the late treatment group: 8° (P25-P75, 0°-25°) for the early treatment group
versus 25° (P25-P75, 13°-30°) for the late treatment group (p = 0.03).
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Changes during followup in the (A) QuickDASH score, (B) pain, (C) Mayo Elbow Performance Index (MEPI),
(D) Oxford Elbow Score (OES), (E) SF-36 Physical Component Summary (PCS) score, and (F) SF-36 Mental

Component Summary (MCS) are shown.

The dotted lines in the (E-F) SF-36 PCS and MCS represent the US population norm of 50+10 (SD) points. All

outcome scores except for the SF-36 Mental Component Summary show improvement with time.
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Figure 5. Changes in (A) arcs of flexion-extension and (B) pronation-supination during follow up are shown
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The dotted lines represent functional elbow ROM on positional and functional tasks as reported by Morrey et

al.”> ROM shows improvement with time.

Fixator-related Complications

Ten patients (37%) experienced 12 fixator-related complications, requiring secondary
intervention in seven patients (26%) (Table 2). Five patients (19%) had elbow incongru-
ency resulting from fixator malalignment. In all patients incongruency was recognized
between 5 and 25 days after fixator placement. In these five patients, seven procedures
for fixator replacement were required, all of which occurred on the same day or the
first day after incongruency was recognized. One patient experienced a hardware defect
which required fixator replacement. Four patients (15%) had a pin-tract infection, of
whom two patients were treated with oral antibiotics alone. The other two patients
required débridement in the outpatient clinic combined with antibiotic treatment. One
patient had a pin-tract fracture of the ulna that was managed conservatively (leaving
the fixator in situ) and one patient had a pin-tract fracture of the humerus 5 months
after removal of the fixator, requiring plate fixation. No redislocations occurred after
removal of the fixator; however, one patient had chronic posterolateral rotatory elbow
instability and required a lateral collateral ligament reconstruction.

DISCUSSION

Residual instability after a complex elbow dislocation is a serious condition with poten-
tially life-changing sequelae and its treatment poses a challenge, even for experienced
surgeons. The goal in management of complex elbow dislocations is to reconstruct a
stable joint that tolerates functional aftertreatment. ' A hinged fixator may be used

to achieve this. Previous studies reported promising but variable results regarding
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ROM and patient-reported outcome scores. » '“*’ The variability in reported results
may have been a function of the shortcomings of retrospective analysis. Because most
of the studies on this topic have been small and retrospective, had inconsistent surgi-
cal indications, had substantial loss to follow up, and used inconsistent approaches
to measurement outcomes, those studies are difficult to evaluate. Therefore, we aimed
to assess patients with complex elbow dislocations who were treated with a hinged
external elbow fixator and early mobilization, prospectively and in a consistent fashion
in terms of (1) functional outcome; (2) ROM; and (3) fixator-related adverse events.

This study had some limitations. First, the sample size was small in relation to the
number of participating centers, but reasonable given that complex elbow dislocations
with residual instability after fracture treatment are an uncommon problem. To the best
of our knowledge, this is the first prospective study of this size with a highly structured
follow up design regarding complex elbow dislocations. The sample size did not al-
low analysis of a possible effect of fracture types on the patient-reported and clinical
outcome measures. Second, because inter- and intraobserver reliability of testing elbow
stability is unknown, the decision to use external hinged fixation was and will remain
arbitrary. Likewise, some Mason Type II or III fractures are treated with radial head
prostheses, whereas others are treated with open reduction and internal fixation or a
nonoperative approach. With the medial collateral ligament disrupted after most elbow
dislocations, the radial head acts as the primary buttress against valgus stress. One can
imagine the importance of stable fracture fixation or radial head replacement on elbow
stability in these patients. It is not unlikely that the heterogeneous approach to radial
head fractures could have contributed to a difference in outcomes among our patients.
A similar discussion accounts for fractures of the coronoid process.

Third, one year of follow up might not have been long enough to know the final
patient reported outcome measures and ROM, because the trends of the QuickDASH,
Oxford Elbow Score, MEPI, and ROM all suggested additional improvement at 1 year.
However, the role of osteoarthritis on the long-term outcome remains unknown.

Finally, the different hospitals and surgeons in the current study, rather than the
experience of one surgeon, might have been a source of multiple confounding factors,
but this emphasizes the generalizability of our results.

Our series show very little disability after external fixator treatment of complex
elbow fracture-dislocations. At 2 years, the median QuickDASH score of 7 is consis-
tently lower than Quick-DASH scores reported in previous articles on similar types
of injuries treated with a hinged fixator (P,;-Ps, 15-28 points) '******* or treated with
ligament repair (P,5-Pss, 15-28 points). ***’ The slight disability is paralleled by high
scores on the additional patient-reported functional outcome measures. In the current
study, most patients reported the maximum score (100 points) for the MEPI. MEPI
scores in previous studies of patients with complex elbow injuries range between 75
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and 93. >*?**%3 The flexion-extension arc result was better than expected. The 118°
flexion-extension arc in our patients was in line with those reported for patients treated
with ligament repair (P,5-Ps, 112°-117°) ***¥/, but consistently higher than for patients
treated with a hinged external fixator (Ps-Pys5, 93°-99°). ***°* % The latter could be
because of the mean time to fixator placement. The most important differences in treat-
ment between the current and previous studies were the use of early active mobiliza-
tion, no collateral ligaments were reconstructed, and the short interval between trauma
and surgery. However although it is likely that a combination of these factors played a
role, their individual merit could not be extracted from current data.

Delay in treatment could be an important explanation for the superior results in our

3, 20, 38, 39
was between

study. The mean time to fixator placement in previous studies
26 days and 2 months versus 6 days in the current study. Although our study was not
designed to define the window of opportunity for surgery, its results emphasize the
importance of early reestablishment of a concentric and stable joint, which allows early
movement. This is in concordance with Ruch and Triepel '/ who reported flexion-ex-
tension arcs of 120° and 84° in patients who underwent early versus delayed treatment
with a hinged external fixator, respectively.

The fixator-related complication rate was relatively high in our study. The most
frequent complication (five patients), which always resulted in fixator replacement,
was joint incongruency. All other complications (pin tract infection, pin tract frac-
tures, and redislocation) also have been reported by others and at similar rates. ** *
All surgeons had applied hinged external elbow fixators and attended a compulsory
technique-oriented hands-on course before this study. Nevertheless, the most logical
explanation for the high complication rate is underexposure of the surgeons to the
procedure. This fuels the debate whether hinged elbow fixators should be used only by
experienced surgeons. One patient reported moderate instability when evaluating the
MEPI (this is the same patient who was treated with a lateral collateral ligament repair).
No true recurrent dislocation was seen during the complete follow up in any of the
patients. This suggests that surgical repair of the collateral ligaments is not indicated
as a standard procedure for adequate healing of the injured collateral ligaments. From
experience with ligamentous injuries to the knee and ankle, it is known that ligaments
have the ability to heal and to form a scar-like neoligament. Nevertheless, few data are
available supporting a nonoperative approach to ligamentous injuries after complex
dislocations of the elbow. '

This study confirmed that the hinged external elbow fixator provides enough stability
to start early mobilization in patients with closed reduction or open treatment after an
acute complex elbow dislocation with residual instability. This was reflected in good
functional outcome scores and only slight disability despite a relatively high complica-
tion rate.
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The treatment of traumatic elbow dislocations is challenged by the joint’s complex
anatomy and the fact that the elbow is prone to develop post-traumatic stiffness. Im-
mobilization is known as an important risk factor for contracture of the elbow after
dislocation. Therefore, the keystone in the treatment of elbow dislocations is to find a
balance between two seemingly conflicting principles; to treat instability on one hand
whilst preventing stiffness on the other hand.

Stability of the elbow is highly dependent on the integrity and congruency of the joint
and its ligaments. As joint capsule and ligaments are known to be disrupted, follow-
ing a simple elbow dislocation, post-reduction stability is mainly dependent of bony
articulations and dynamic stabilizers. '~ Earlier experience with injuries to the medial
collateral ligament of the knee and lateral collateral ligaments of the ankle learned us
that ligaments have the ability to heal to form a scar-like neo-ligament with properties
that restore functional stability. “® A small randomized controlled trial confirmed that
the same holds true for ligaments of the elbow. The authors demonstrated that surgical
repair of torn ligaments in patients with simple traumatic elbow dislocations did not
improve joint stability and long-term functional outcome compared to a non-operative
approach. ” Another study demonstrated that if healing tissue was not loaded, regen-
eration resulted in unstructured scar tissue. Moreover, they found that functional load
on healing ligaments cause collagen fibers to heal in a longitudinal direction which
optimized the mechanical properties. * Equally important is the fact that movement
of any synovial joint is essential for the flow of synovial fluid, which plays an impor-
tant role in the maintenance of articular cartilage. ° It has been demonstrated, it has
been demonstrated that immobilization of a joint may result in pressure necrosis of
the cartilage. '° The concept of early mobilization following an elbow dislocation was
discussed in a systematic review which encompassed only one small RCT (n=50) with
multiple methodological issues comparing early mobilization with immobilization.
The conclusion of the review was that early mobilization led to less extension deficit on
the short term with no evidence of benefit at one year. ' '> Nevertheless, most surgeons
still tend to treat patients with simple elbow dislocations with plaster immobilization,
possibly initiated to avoid recurrent dislocations. ** To answer the question regarding
optimal treatment of patients with simple traumatic elbow dislocation, we performed
arandomized controlled trial (Chapter 5) that compared early mobilization with three
weeks of plaster immobilization. Quick-DASH scores and range of motion at one year
did not differ between the two groups but at six weeks both Quick-DASH scores and the
arc of flexion and extension were significantly better in the early mobilization group.
No recurrent dislocations were observed in both groups and patients treated with early
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mobilization returned to work eight days sooner. In conclusion, simple elbow disloca-
tions should be treated with early mobilization. The fear for recurrent dislocations after
early mobilization of these type of injuries seems unjustified.

Due to extensive ligamentous injury, bony articulations are the main stabilizers after
simple traumatic elbow dislocations. ' As these osseous constraints are compromised
in complex elbow dislocations these injuries are often instable post-reduction. '* In
general, plaster immobilization or a hinged brace cannot adequately treat gross elbow
instability and redislocation or subluxation during immobilization is common. ' All
protocols that focus on complex elbow dislocations share the common opinion that
restoration of the osseous stabilizers should receive top priority. '*** Less unanimous
are the protocol attitudes regarding the treatment of injured collateral ligaments. Some
argue that anatomic and stable repair of all associated fractures will convert the injury
into a simple elbow dislocation (one without fractures). **** Nonetheless, most protocols
advise ligamentous repair if instability persists following anatomical reconstruction
and stable fixation of the associated fractures. Most protocols focus mainly on the LCL,
but some authors even advocate standard repair of the MCL, requiring an additional
medial approach *"***%, They stress the role of the MCL as the primary stabilizer against
valgus stress, but ignore the self-healing ability of the ligaments. *** Moreover, the ac-
tual role of the MCL in the clinical situation may have been overrated by biomechanical
studies. Most cadaver studies possibly undervalue the merit of dynamic stabilizers in
the conscious patient. *** The compressive load that these muscles apply over the joint
contributes importantly contributes to stability. "*'** A recent biomechanical study
proved that active extension and flexion adequately stabilized the joint in LCL and
MCL deficient elbows. ** Moreover, one could discuss the frequency of valgus forces
during normal daily activities. Valgus stress occurs mainly in high demand patients and
throwing athletes. **** An additional argument against ligament repair is provided by a
study that demonstrated that most collateral ligament injuries are mid-substance tears
which can even be accompanied by proximal or distal detachment of the ligaments
(76%). ** These tears often have two frayed ends like a torn rope making it impossible
to anatomically repair them without over-shortening the ligament. Overly tightened or
malpositioned ligaments are likely to induce forces beyond the isometric point which
may contribute to stiffness or instability with concomitant discongruency of the joint
rather than treat it. ***

Alternatives for ligament repair include operative transfixation of the ulnohumeral
joint or hinged external fixation. ** Plaster immobilization is not advised as it is not
uncommon for an unstable elbow to re-dislocate in a cast. Moreover, immobilization
is associated with stiffness, as was described before. Transfixation of the ulnohumeral
joint by cross-pinning equally impedes mobilization, but also damages the articular
surface of the ulnohumeral joint and should be reserved for older, infirm patients. *’
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A hinged external elbow fixator theoretically stabilizes the joint while allowing liga-
ments and fractures to heal, without impeding early mobilization. A novel prospective
case series aimed to evaluate the role of early mobilization with a hinged external
fixator in the treatment of complex elbow dislocations (Chapter 9). The conclusion
was that a hinged external elbow fixator provides enough stability to start early mo-
bilization. Patients reported good functional outcome scores and all patients except
one had stable elbows after one year. On the other hand, there was a relatively high
rate of fixator-related complications, most of which were fixator malalignments. This
was most likely due to underexposure of the participating surgeons to this technically
demanding procedure. Even in experienced hands the mounting of an external fixator
while maintaining a concentric joint is a challenge. **** Another explanation could be
that the minority of the patients with a fracture of the coronoid process were treated
with ORIF (18%). There is an increasing understanding of the role of the anteromedial
facet of the coronoid process. It serves as an insertion site for the AMCL, the primary
constraint against valgus stress. ** **** Moreover, it plays a role in varus stability as
it protrudes from the proximal ulnar metaphysis medially thereby lengthening the
articular surface. " * It is not unthinkable that, due to unawareness of their existence
and unfamiliarity with the relevance of this structure, neglected fractures to the an-
teromedial facet, importantly influenced the high rate of malalignments. In more than
one way this study fueled the debate whether patients with complex elbow instability
are better off in the hands of dedicated surgeons. Centralizing these complex type of
injuries towards expert clinics will increase the surgeons’ understanding and experi-
ence. Tailor made treatment strategies, combined with adequate counseling and follow
up are the cornerstones in improving functional outcome and quality of life of patients
with such a challenging injury.

FUTURE PERSPECTIVES

This thesis answered some questions regarding the treatment of both simple and com-
plex elbow dislocations, but gave rise to many others.

A follow up period of one year might have been too short for arthritic changes to
occur. In order to evaluate long-term sequelae of both simple and complex elbow
dislocations both prospective studies should be supplemented with a long-term follow
up study.

Moreover, patients with similar levels of elbow impairment often reported varying
disability. It would be interesting to examine the correlation between perceived dis-
ability by the patients and the objective physical impairment after elbow dislocations.
What determines impairment more: pain, elbow function, injury to the dominant
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side, employment, socio-psychological problems, range of motion, etc, etc? A better
understanding of this relationship may be valuable in counseling patients with elbow
dislocations and might even result in treatment strategies that improve outcome.

The differences in reported disability could also be explained by subtle residual elbow
instability which can be overlooked easily in physical examination. The conduction
of a study in which patients from both prospective elbow studies undergo dynamic
radiographs during valgus- and varusstress could elucidate this hypothesis.

Furthermore, it would be interesting to compare functional outcome in patients
from the complex elbow dislocation study (no ligamentous reconstruction; chapter
9) with patients from a surgeon who always reconstructs (lateral) collateral ligaments
in a case control study. The most prevalent type of complex dislocation that would
make the most homogeneous population are patients with a dislocation accompanied
by fractures of the radial head and coronoid process (“Terrible triad injury”). It would
not provide us the answers we would acquire with a randomized trial, but such a study
is easier to conduct and would definitely bring us a step closer to the definite answer to
the question “do I use an external fixator or do I reconstruct the ligaments in my patient
with a complex elbow dislocation?”
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I. SUMMARY

Chapter 1 is the introduction of this thesis. The elbow is the second most common
major joint to dislocate after the shoulder in the adult population. Its primary stabiliz-
ers are the articulation between the proximal ulna and the distal humerus, the anterior
bundle of the medial collateral ligament (against valgus stress) and the lateral collateral
ligament complex (against varus stress). Dislocations are traditionally classified by the
presence (complex dislocations) or absence (simple dislocations) of associated fractures
and by the direction of the displacement of the forearm relative to the humerus. There
is a paucity in evidence concerning the optimal aftertreatment in terms of whether to
immobilize or not, for both simple and complex elbow dislocations. Also the necessity
of surgical repair of all injured ligaments, as well as the role of a hinged external fixator

in the treatment of complex elbow dislocations, remains subject of debate.

Chapter 2 aimed to assess population-based trends in the incidence of upper extremity
injuries in the Dutch population between 1986 and 2008, and to give a detailed over-
view of the associated health care costs. The overall age-adjusted incidence of upper
extremity injuries increased from 970 to 1,098 per 100,000 persons (13%) in the period
1986-2008. The highest incidence was seen in young persons and elderly women. Total
annual costs for all injuries were 290 million euro, of which 190 million euro were
paid for injuries sustained by women. Wrist fractures were the most expensive injuries
(83 million euro) due to high incidence, whereas upper arm fractures were the most
expensive injuries per case (4,440 euro). Major cost peaks were observed for fractures
in elderly women due to high incidence and costs per patient.

Chapter 3 aimed to examine the recent long-term population-based incidence trend of
elbow dislocations in the adult Dutch population between 1986 and 2008 and to give a
detailed overview of the associated health care costs in 2007. The mean incidence rate
over time was 5.6 per 100,000 person years. The total costs for elbow dislocations were
€ 1.63 million per year. The majority of these costs were accounted for by the female
population (€ 1.14 million versus € 0.49 million by males). The average costs per case
were € 2,555.

Chapter 4 and 5 describe the protocol and results of a randomized clinical trial
comparing early mobilization and plaster immobilization in patients with a simple
traumatic elbow dislocation. One hundred patients were randomized to early mobi-
lization (immediate motion exercises; n=48) or three weeks plaster immobilization
(n=52). Follow up was one year. Quick-DASH scores at one year were 4.0 [95% CI
0.9-7.1] points in the early mobilization group versus 4.2 [95% CI 1.2-7.2] in the plaster
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immobilization group. At six weeks early mobilized patients reported less disability
(Quick-DASH 12 [95% CI 9-15] points versus 19 [95% CI 16-22]; p<0.05) and had a
larger arc of flexion and extension (121° [95% CI 115-127] versus 102° [95% CI 96-108];
p<0.05). There were no recurrent dislocations and patients returned to work eight days
sooner after early mobilization (10 versus 18 days; p=0.020). In conclusion, patients
should be treated with early mobilization following closed reduction of simple elbow
dislocations. Patients recover faster and return to work earlier. The fear for recurrent
instability seems unjustified.

Chapter 6 assessed and compared the total costs (direct health care costs and indirect
costs due to loss of production) after early mobilization versus plaster immobilization
in patients with a simple elbow dislocation. Also, it aimed to evaluate cost-effectiveness.
Data of the randomized clinical trial described in chapter 5 was used. There were no
significant differences in health-related quality of life measured with the EQ-5D, SF-36
PCS, and SF-36 MCS between the two groups throughout the 1-year follow up. Mean
total costs per patient were €3,624 in the early mobilization group versus €7,072 in the
plaster group (p=0.094). Shorter work absenteeism in the early mobilization group (10
versus 18 days; p=0.027) did not lead to significantly lower costs for productivity loss
(€1,719 in the early mobilization group versus €4,589; p=0.120). In conclusion, plaster
immobilization has inferior results at almost double the costs. From a clinical as well
as a socio-economic point of view, early mobilization should be the treatment of choice
for a simple elbow dislocation.

Chapter 7 aimed to investigate the reliability, the validity and responsiveness of the
Dutch version of the Oxford Elbow Score (OES) in adult patients with non-surgically
treated simple elbow dislocations. Data of the randomized clinical trial described in
chapter 5 was used. The OES demonstrated adequate internal consistency (Cronbach
a, 0.92). The construct- and longitudinal validity was supported by a high degree of
correctly hypothesized correlations with other PROMs. The anchor- and distribution
based minimal clinically important difference (MCID) values for the OES total score
were 8.2 and 11.9 points, respectively. There were no floor effects and the OES was the
latest PROM to demonstrate a ceiling effect. In conclusion, the Dutch version of the
OES is a reliable, valid and responsive instrument for evaluating elbow related quality
of life. Even in non-operatively treated patients.

Chapter 8 and 9 describe the protocol and results of a prospective multicenter case
series which evaluated the use of a hinged elbow fixator in the treatment of complex
elbow dislocations in terms of functional outcome, range of motion and fixator-related
adverse events. The median Quick-DASH score was 6.8 points after one year. The me-
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dian VAS score for pain was 0.5, the MEPI was 100 points and the OES was 90 points.
The median flexion-extension and pronation-supination arcs were 118 and 160 degrees,

respectively. One patient reported recurrent instability. Ten patients (37%) experienced

fixator-related complications of whom seven patients (26%) required secondary sur-

gery. In conclusion, hinged external fixation provides enough stability to start early

mobilization after an acute complex elbow dislocation with residual instability after

fracture treatment. This is reflected in good functional outcome scores and only slight

disability despite a relatively high complication rate.

CONCLUSIONS

Chapter 2 *
*

Chapter 3 *

Chapter 4and 5 *

Chapter 6 *

Chapter 7 *

The overall incidence of upper extremity injury in the Netherlands
increased by 13% in the period 1986-2008.

A substantial share of total costs (€ 290 million) was accounted for
by females with upper extremity fractures (42%) and especially

women with wrist fractures (21%).

The mean incidence rate of elbow dislocations in the Netherlands
between 1986 and 2008 is 5.6 per 100,000 person years.

The total costs for elbow dislocations were € 1.63 million per year.
Costs per case (€ 2,555) approximate those of elbow fractures (€
3,297).

Early active mobilization is a safe and effective treatment in
simple traumatic elbow dislocation. Patients recovered faster and
returned to work earlier. The fear for recurrent dislocation seems
unjustified.

Plaster immobilization has inferior results at almost double costs,
and should therefore be abandoned in patients with simple elbow
dislocations.

Altering treatment protocols in the Netherlands could reduce care
costs with at least 3.2 Million Euro each year.

The Dutch version of the OES is a reliable, valid and responsive
instrument for evaluating elbow related quality of life, also in non-
operatively treated patients.

179



180 | Chapter 11

Chapter 8and 9 * A hinged external elbow fixator provides enough stability to start
early mobilization after an acute complex elbow dislocation.
* Fixator malalignment is a frequently observed complication.
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I1. SAMENVATTING

Hoofdstuk 1 is de introductie van dit proefschrift. De elleboog is op de schouder
na, het meest frequent geluxeerde grote gewricht. De primaire stabilisatoren zijn de
articulatie tussen de proximale ulna en de distale humerus, the anterieure streng van
het mediale collaterale ligament (tegen valgus stress) en het laterale collaterale liga-
mentaire complex (tegen varus stress). Van oudsher worden elleboogluxaties ingedeeld
naar de aan- (complexe luxaties) of afwezigheid (eenvoudige luxaties) van fracturen en
naar de richting van de verplaatsing van de onderarm ten opzichte van de humerus.
Er is weinig bekend over de optimale nabehandeling met betrekking tot het wel of
niet immobiliseren van simpele dan wel complexe elleboogluxaties. Met betrekking
tot complexe elleboogluxaties is het nog onduidelijk of het al dan niet herstellen van
geruptureerde collaterale ligamenten nodig is en wat de rol van de dynamische fixateur
in de behandeling kan zijn.

Hoofdstuk 2 had als doel om een overzicht te geven van de lange termijn trends in
incidentie en geassocieerde zorgkosten van letsels van de bovenste extremiteit in de
Nederlandse bevolking tussen 1986 en 2008. De incidentie van letsels aan de bovenste
extremiteit is in deze periode van 970 naar 1098 per 100.000 persoonsjaren gestegen
(13%). De hoogste incidentiecijfers werden gezien bij jongeren en oudere vrouwen. De
totale zorgkosten voor alle letsels gecombineerd bedroegen 290 miljoen euro, waarvan
190 miljoen euro bij vrouwen. Polsfracturen zijn het duurst (83 miljoen euro) vanwege
de hoge incidentie. Humerusfracturen hebben de hoogste kosten per patiént (4440
euro). Een hoge piek in kosten werd gezien bij oudere vrouwen welke met name werden
veroorzaakt door een combinatie van de hoge incidentie en de hoge kosten per patiént.

Hoofdstuk 3 geeft een overzicht van de lange termijn trends in incidentie en geas-
socieerde zorgkosten van traumatische elleboogluxaties in de Nederlandse bevolking
tussen 1986 en 2008. De gemiddelde incidentie was 5,6 per 100.000 persoonsjaren. De
gemiddelde directe kosten voor elleboogluxaties bedroegen € 1,63 miljoen per jaar.
Vrouwen waren verantwoordelijk voor het grootste gedeelte van deze kosten (€ 1,14
miljoen versus € 0,49 miljoen). De kosten per luxatie bedroegen € 2.555.

Hoofdstuk 4 en 5 beschrijven het protocol en de resultaten van een gerandomiseerde
klinische studie welke, bij patiénten met een eenvoudige elleboogluxatie, vroege mo-
bilisatie vergelijkt met gipsimmobilisatie. Honderd patiénten werden gerandomiseerd
tussen vroege mobilisatie (direct oefenen; n=48) of drie weken gips immobilisatie
(n=52). De follow up periode was een jaar. De Quick-DASH scores na een jaar waren
4,0 [95% CI 0,9-7,1] punten in de vroege mobilisatie groep tegenover 4,2 [95% CI 1,2-
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7,2] in de met gips behandelde groep. Echter, na zes weken rapporteerden de vroeg
gemobiliseerde patiénten wel minder beperkingen (Quick-DASH 12 [95% CI 9-15]
punten versus 19 [95% CI 16-22]; p<0,05). Ook was de boog van flexie en extensie
in deze groep groter (121° [95% CI 115-127] versus 102° [95% CI 96-108]; p<0,05).
Er werden geen re-luxaties gezien en patiénten waren acht dagen eerder aan het werk
na vroege mobilisatie (10 versus 18 dagen). Patiénten met een simpele traumatische
elleboogluxatie kunnen veilig vroegtijdig gemobiliseerd worden. Patiénten herstellen
sneller en zijn eerder in staat hun werkzaamheden te hervatten. Zorgen over een kans
op reluxaties lijken ongegrond.

Hoofdstuk 6 beschrijft de totale kosten (directe zorgkosten en indirecte kosten ver-
oorzaakt door werkverzuim) na vroege mobilisatie en vergelijkt deze met de kosten
voor gipsimmobilisatie in patiénten met een eenvoudige elleboogluxatie. Ook had deze
studie als doel om de kosten-effectiviteit te bepalen. Hiertoe is gebruik gemaakt van de
data van de gerandomiseerde studie die in hoofdstuk 5 is beschreven. Gedurende de
gehele follow up van een jaar was er geen verschil in gezondheids-gerelateerde kwaliteit
van leven (gemeten met de EQ-5D, SF-36 PCS, en SF-36 MCS) tussen de twee groepen.
De mediane totale kosten per patiént waren €3.624 in de vroege mobilisatie groep ver-
sus €7.072 in gips groep (p=0,094). Korter werkverzuim in de vroege mobilisatiegroep
(10 versus 18 dagen; p=0,027) heeft niet geleid tot lagere kosten voor werkverzuim
(€1.719 in de vroege mobilisatie groep versus €4.589; p=0,120). Concluderend geeft
gipsimmobilisatie inferieure resultaten terwijl de kosten bijna twee maal zo hoog zijn.
Zowel vanuit klinisch oogpunt alsook vanuit een sociaaleconomisch perspectief, zou
vroege mobilisatie de behandeling van keuze moeten zijn bij patiénten met een een-

voudige elleboogluxatie.

Hoofdstuk 7 had als doel om de betrouwbaarheid, validiteit en bruikbaarheid van de
Nederlandse versie van de Oxford Elbow Score (OES) te onderzoeken bij patiénten
met een eenvoudige elleboogluxatie. Hiertoe is gebruik gemaakt van de data van de
gerandomiseerde studie die in hoofdstuk 5 is beschreven. De OES liet adequate be-
trouwbaarheid zien (Cronbach alpha 0,92). De construct- en longitudinale validiteit
werden bevestigd door een hoog aantal juist voorspelde correlaties met de andere
meetinstrumenten. Het minimaal klinisch relevant verschil (MCID) was 8,2 punten
middels de ankermethode en 11,9 punten middels de distributie-gebaseerde methode.
Er waren geen vloereffecten en de OES bereikte als laatste meetinstrument het plafond-
effect. Concluderend is de Nederlandse versie van de OES een betrouwbaar, valide en
bruikbaar instrument om de elleboog-gerelateerde kwaliteit van leven te meten.
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Hoofdstuk 8 en 9 beschrijven het protocol en de resultaten van een prospectieve mul-
ticenter case series naar het gebruik van een dynamische fixateur in de behandeling van
complexe traumatische elleboogluxaties. Met name werden functionele uitkomst, range
of motion en fixateur gerelateerde complicaties bestudeerd. De mediane Quick-DASH
score bedroeg 6,8 punten na een jaar. De mediane VAS (pijn) bedroeg 0,5 op een schaal
van nul tot tien, de MEPI was 100 punten en de OES 90 punten. De mediane boog
van flexie en extensie was 118 graden de boog van pro- en supinatie was 160 graden.
Slechts een persoon rapporteerde instabiliteit. Complicaties deden zich bij 10 patiénten
(37%) voor, hiervan moesten er zeven (26%) opnieuw geopereerd worden. Een externe
fixateur biedt voldoende stabiliteit om vroeg te mobiliseren na een complexe trauma-
tische elleboogluxatie die persisterend instabiel is. Dit resulteerde in goede functionele
uitkomsten en beperkte rest-invaliditeit. Wel deden zich relatief veel complicaties voor.

CONCLUSIES

Hoofdstuk 2 * De incidentie van letsel aan de bovenste extremiteit in Neder-
land is tussen 1986 en 2008 met 13% gestegen.
* Het merendeel van de totale kosten (€290 miljoen) werd
bepaald door vrouwen met een fractuur (42%), met name door
vrouwen met een polsfractuur (21%).

Hoofdstuk 3 * De gemiddelde incidentie van traumatische elleboogluxaties
in Nederland tussen 1986 en 2008 bedroeg 5,6 per 100.000
persoonsjaren.

* De totale kosten voor elleboogluxaties bedroegen € 1,63 mil-
joen per Jaar.

* De kosten per luxatie (€ 2.555) benaderen de kosten voor el-
leboogfracturen (€ 3.297).

Hoofdstuk4 and 5 * Patiénten met een simpele traumatische elleboogluxatie dienen
vroeg gemobiliseerd te worden. Ze herstellen sneller en zijn
eerder weer aan het werk. De zorgen over een kans op reluxat-
ies lijken ongegrond.

Hoofdstuk 6 * Gipsimmobilisatie geeft inferieure resultaten terwijl de kosten
bijna tweemaal zo hoog zijn en dient derhalve verlaten te
worden in de behandeling van patiénten met een eenvoudige
elleboogluxatie.
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Hoofdstuk 7

Hoofdstuk 8 en 9

Het wijzigen van behandelprotocollen in Nederland zou op
jaarbasis 3,2 miljoen euro kunnen besparen.

De Nederlandse versie van de OES is een betrouwbaar, valide
en bruikbaar instrument om de elleboog-gerelateerde kwaliteit
van leven te meten. Zelfs in patiénten met een non-operatief
behandeld elleboogletsel.

Een externe fixateur biedt voldoende stabiliteit om vroeg te
mobiliseren na een complexe elleboogluxatie die persisterend
instabiel is.
Een verkeerd geplaatste fixateur is de meest voorkomende
complicatie.
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