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CHAPTER 1

“

The goal of this thesis was to address
the importance of both psychosocial and
physical characteristics of the patient and the injury
- Page 14 -
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1

Reporting treatment outcomes
In recent years, health care has entered an era of significant change. The health care
delivery model is shifting focus from the volume of rendered services to benefiting
individual patients (1-3). In turn, our health care system should restructure with the
goal of increasing value for patients, and thus, society. Healthcare organizations
should focus on delivering care that suits the individual need of the patient rather
than on availability, cost containment, or convenience. In order to do so, patient
value must be quantified and is measured by patient-relevant medical outcome
divided by cost (2).
In current practice, care providers prefer to measure what they can control directly
and more straightforward outcomes, such as complications. However, health care
providers should also concentrate on longer-term outcomes and sustainable
recovery. Patients receiving more care at higher costs may not have better outcomes
or treatment satisfaction (4). A value-based healthcare system aims to reduce the
growth rate of spending while improving patient satisfaction and outcomes (2, 5).

The influence of psychosocial aspects of pain
It is important to realize that patients are different in nature and not easily
comparable. Patients with the same disease have different reactions and symptoms,
which is the basis for the concept of illness behavior (6). Illness awareness is initiated
when an individual conceives that something is wrong by experiencing discomfort,
disruption of bodily functioning, or pain (6, 7). Illness behavior consists of three
distinct processes: 1) physical pain and discomfort, 2) cognitive recognition, and
3) an emotional response of concern (6). Variability in individual behavior, despite
the similarity of pathophysiology, reflects major differences in psychological and
cognitive reactions (8).
In current practice, there is a strong segregation between the physical and mental
elements, in line with the philosophy of Descartes. Problems are either seen as
psychological (functional) or physical (organic)(9). Patients have differences in
perception and evaluation of symptoms (10). Some persons will seek medical
attention when experiencing slight pain or discomfort while others will just ignore
these symptoms (7, 10). This variation in illness behavior can be accounted for
by psychosocial factors (11). Psychosocial behavior determines how we define
and interpret symptoms and the extent of their effect on our daily life (7). Not
recognizing psychosocial aspects of patients and their illnesses may result in
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mistreatment, thereby harming patients and extending their time to recovery (1216). Early perception and recognition of psychosocial aspects of illness results in
improved patient compliance, satisfaction and ultimately better outcome (17, 18).
It is therefore of great importance that physicians have an understanding of the
influence of psychosocial issues and consider their impact on patients’ complaints
during treatment.
It is also important to differentiate injury patterns when choosing a treatment
regimen for ankle fractures, for different mechanisms of injury result in different
fracture types. Treatment decisions should also be based on these injury-specific
characteristics, since not all fractures require surgical fixation or immobilization
for a better functional outcome. In other words, physicians need to be aware of
differences in both patient and disease-specific characteristics to achieve better
patient outcomes.

Epidemiology of ankle injuries
Acute ankle injuries are commonly seen in the emergency department. It is a
frequently observed sports-related injury, accounting for approximately 16% of all
sport-related injuries (19). Ankle injuries regularly result in a sprain or a fracture of
the ankle joint (20).
Ankle fractures are the most common type of lower extremity fracture. Indications
for conservative or surgical therapy are well defined (21, 22). When the congruity
of the ankle mortise or joint stability is compromised, surgical therapy is indicated
(21, 22). Controversy exists, however, with regards to the optimal post-operative
care regimen. Approximately two thirds of ankle fractures occur in the younger
population, most frequently during sports or leisure activities (20, 23). This indicates
that ankle fractures are typically seen among healthy and employed individuals,
thereby creating a major expense for society (24-26). A quick and full recovery is
not only essential for the patient but also for society to reduce costs as a whole.
This thesis focuses on the optimal treatment for this young and healthy population
after an ankle fracture by appreciating both the injury and the patient.

The ankle joint
The ankle joint is made up of three bones, the tibia (“shin bone”) the fibula (“calf
bone”) and the talus (“ankle bone”). These three bones are configured as a saddleshaped joint with the tibia on the medial side, the fibula on the lateral side and the
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talus as the distal part of the ankle joint. The ankle joint is stabilized with numerous
ligaments that keep the ankle mortise symmetric. Ankle fractures vary from nondisplaced isolated malleolar fractures (approximately 70%) to displaced and open
fractures involving multiple malleoli (27).

Classification of ankle fractures
Over the years, many systems have been developed to classify ankle fractures.
The three systems most used in clinical practice and research are the 1) Lauge
Hansen classification, 2) Danis-Weber classification, and 3) AO classification (2830). The AO and Danis-Weber system only describe the bone-specific injuries
of an ankle fracture, whereas the Lauge Hansen classification also describes the
extent of ligamentous injury. The Danis-Weber and AO classification are practical
in daily use but do not provide essential ligament injury information. In contrast,
the Lauge Hansen classification provides information about the extent of injured
ligaments, but has poor reproducibility (31-38). This makes it useful as a prognostic
tool but less helpful for daily clinical use due to its poor reproducibility. Difficulties
in understanding and reproducing the pathologic-anatomic Lauge Hansen
classification led to development of the purely descriptive Danis-Weber for daily
use that could also be used by inexperienced physicians. The AO classification is
an extension of the Danis-Weber classification that provides more information on
the fracture pattern and extent of the injury (39).
Conservative or surgical treatment decisions are often made based on these
classification systems. However, general health and comorbidities are not always
taken into account for individualized treatment decisions (40, 41). Functional
rehabilitation is more important than anatomic reduction, especially in the elderly
patient. In this population, conservative rather than operative treatment can result
in a better functional outcome, creating higher satisfaction and increased value for
the patient.
This thesis emphasizes the importance of a holistic approach to the patient with an
ankle fracture, taking both physical and psychological factors into account. As such,
the focus of this thesis is on the type of ankle fracture and clinical consequences that
a specific fracture or trauma mechanism has on treatment, and on the functional or
psychosocial factors that influence rehabilitation. We explain why a combination of
physical and psychological approach provides better understanding of the patient
and the injury and will result in a more sustainable doctor-patient relationship.
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Outline of this Thesis.
The aim of this thesis is to evaluate the care for patients with orthopedic trauma injuries.

Part 1
Classification of the patient.
Patient satisfaction is frequently measured to evaluate the quality of medical
services rendered. Improving patient satisfaction leads to better patient
compliance, treatment outcomes and value. We studied whether psychosocial and
expectancy factors are associated with patient satisfaction (chapter 2). To increase
patient satisfaction, physicians must realize that all patients have different coping
mechanisms. Adaptation and resilience to a medical condition may be essential
for accelerated recovery. Cognitive flexibility, or the extent to which a patient
can adapt to new symptoms, is an important aspect of this process. In chapter 3,
the influence of cognitive flexibility on patient disability is studied. Psychosocial
aspects of pain are often neglected in clinical practice, leading to unnecessary tests
and treatments. Awareness of these psychosocial issues can help surgeons better
manage patients’ symptoms by instituting treatment that also focuses on functional
and psychological elements. In chapter 4, the influence of these psychosocial
factors on ankle sprains is investigated. Identifying psychosocial aspects in clinical
practice is often time-consuming and burdensome, which is the major barrier to
implementing screening for psychosocial factors amenable to treatment. Patients
have to complete pages of questionnaires that the physicians then have to review,
and comprehension and interpretation also require a great deal of effort (42-44).
In chapter 5, we introduce an abbreviated 2-item questionnaire that we created to
assess psychosocial factors. This questionnaire is more useful for a quick assessment
of psychosocial impairment analysis in a clinical setting.

Part 2
Classification of the injury
Each classification system for ankle fractures has it flaws. The drawback varies from
loss of essential ligament information to poor reproducibility. Ideally, a classification
system is reproducible, has a pathophysiological background, has diagnostic and
therapeutic implications, and can be used to provide prognostic estimations. Thus,
first of all, a classification system is important for clinical and research handoff

13

1

CHAPTER 1

1

and should therefore be reproducible. In chapter 6, a more easily reproducible
descriptive system for ankle fracture classification is introduced that provides
clinical, treatment, and prognostic guidance for patient and surgeon.
Despite extensive research for the optimal treatment of ankle fractures, comparative
studies between monotrauma and polytrauma patients with an ankle fracture are
lacking, and most ankle fracture studies exclude polytrauma patients. Since most
polytrauma patients experience a high-energy transfer it was assumed that highenergy trauma results in different fracture patterns (45). The aim of chapter 7 is to
compare fracture classification between mono- and polytrauma patients and
between low- and high-energy trauma in patients with an ankle fracture.
Major complications following open reduction and internal fixation of the ankle
are infection and implant failure. Most studies on post-operative complications
after ankle surgery are based on small series of specifically selected patients
and do not investigate fracture classification as a potential risk factor for postoperative complications. In chapter 8, we investigate the relationship between ankle
fractures and implant failure following open reduction and internal fixation in a
large retrospective cohort. We also identified risk factors associated with all postoperative complications.
The post-operative care regimen for surgically fixed ankle fractures remains
controversial, varying widely from protected non-weight bearing with a plaster cast
or brace to non-protected regimens. The choice of a post-operative care regimen
predominantly depends on the physician’s preference (46). In chapter 9, we describe
a meta-analysis that we performed to determine effectiveness and safety of early
unprotected weight bearing after an ankle fracture. In chapter 10, we describe the
study protocol for a randomized controlled trial to compare functional outcome
and safety after three different post-operative care regimens: 1) unprotected nonweight bearing, 2) protected weight bearing, and 3) unprotected weight bearing.
For safe early weight bearing, we selected patients with a specific fracture pattern
that has intrinsic stability after fixation (Lauge Hansen supination external rotation
2-4). Not all patients are suitable for early weight bearing as tolerated due to
comorbidities (physical and functional) or age; therefore, strict exclusion criteria
were used to facilitate a safe environment for early post-operative weight bearing
as tolerated.
The goal of this thesis was to address the importance of both psychosocial and
physical characteristics of the patient and the injury. By understanding psychosocial
and physical factors contributing to a patient’s heatlh, a physician can constitute
an individualized treatment plan resulting in a more sustainable doctor-patient
relationship.
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PART
I
CLASSIFICATION OF THE PATIENT

CHAPTER 2

“

Patients with more symptoms of depression and higher pain

intensity have higher pre-visit expectations and fewer of these
expectations are met.
- Page 30 -
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CHAPTER 2

Abstract
2

Purpose
The degree to which patients’ expectations are met during an office visit consistently correlates with patient satisfaction, while the relationship between pre-visit
expectations and satisfaction varies. The aim of this pilot study was to preliminarily
assess the relationship of psychosocial factors, pain intensity and magnitude of
disability, to pre-visit expectations, met expectations and satisfaction with medical
care in patients with hand and upper extremity conditions in a surgical outpatient
clinic.
Materials & Methods
A cohort of 85 outpatients with upper extremity illnesses indicated their previsit expectations (Patients Intention Questionnaire; PIQ), degree to which these
expectations were met (Expectations Met Questionnaire; EMQ), level of depressive
symptoms (Patient Health Questionnaire-2: PHQ-2), confidence about ability to
achieve ones goals in spite of pain (Pain Self-Efficacy Questionnaire; PSEQ), pain
intensity (Numerical Rating Scale for pain; NRS), disability (Disabilities of the Arm
Shoulder and Hand, short version; Quick DASH) and satisfaction with the medical
visit (Medical Interview Satisfaction Scale; MISS).
Results
Higher previsit expectations were associated with more depressive symptoms,
lower pain self-efficacy, higher pain intensity, and fewer years of education. Patients
in the low and moderate met expectations categories had significantly more
symptoms of depression, fewer years of education, and had more pain compared
to those in the high met expectations category. Fewer years of education and
higher pain intensity predicted higher pre-visit expectations and explained 19%
of variance.
Conclusion
Psychosocial factors affect both pre-visit expectations and met expectations
during an outpatient visit to a hand surgeon. Met expectations, but not pre-visit
expectations affect satisfaction.
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Introduction
Patient satisfaction is associated with positive treatment outcomes and increased
compliance to treatment. Prior work has shown that the degree to which a
patient’s expectations are met, correlates with satisfaction with the medical visit
(1-4). The degree to which expectations are met is predominantly determined by
the information and explanation provided to the patient (3, 4). The relationship
between pre-visit expectations and satisfaction varies: some studies show no
relationships,(5) while others find either a positive or negative correlation (6).
Patient satisfaction is also influenced by psychosocial factors (7-9). Depression
and pain self-efficacy are the most important predictors of satisfaction (7, 8, 10,
11). The relationship between psychosocial factors and patient pre-visit and met
expectations is unclear. Understanding these relationships could inform efforts to
optimize patient satisfaction, and, in turn, treatment outcomes.
The aim of this pilot study was to preliminarily assess the relationship of psychosocial
factors (pain self-efficacy and depression), pain intensity and magnitude of disability
to 1) pre-visit expectations, and 2) the degree to which these expectations are met.
We also set out to assess psychosocial and expectation variables’ association with
patient satisfaction
Our primary null hypothesis is that psychosocial factors (depression and pain selfefficacy), pain intensity and magnitude of disability are not selected as the best
combination of predictors of pre-visit expectation. Our second null hypothesis
is that psychosocial factors (depression and pain self-efficacy), pain intensity
and magnitude of disability are not selected as part of the best combination of
predictors of met expectations. Our third null hypothesis is that psychosocial
factors (depressive symptoms, pain self-efficacy), pain intensity, disability, previsit expectations and met expectations are the best combination of predictors of
satisfaction.

Patients and methods
This was a pilot observational cross-sectional study. Consecutive adult, Englishspeaking patients presenting to the practice of one of three orthopedic hand
surgeons for an initial evaluation were invited to enroll under a protocol approved
by our Human Research Committee. The study was described in detail and the
treating physician/study staff obtained informed consent.
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Ninety-three English speaking, non-pregnant and adult patients who visited our
outpatient clinic as new patients were eligible for inclusion in this study. Of these, 1
patient had to be excluded due to inability to complete the first part of the survey
before the medical encounter, 1 patient declined participation after enrollment,
and 6 patients failed to complete the satisfaction questionnaire, predominantly
due to lack of time. Analyses were performed on a final sample of 85 patients. The
mean age for the final sample was 46 years (SD=16, range 18-78 years) and 41
patients (48%) were men. Forty (47%) patients had acute injuries, 32 nontraumatic
injuries and 13 (15%) non-specific arm pain (Table 1).
Table 1 Patients Demographics
Age, y
Education
Sex
Women
Men
Diagnosis
Traumatic injuries
Non-traumatic injuries
Non-specific arm pain
Work status (n=81)
Working full time
Working part time
Retired
Unemployed, able to work
Unemployed, unable to work
Workers compensation
Currenty on sick leave
Martal Status
Single
Living with partner
Married
Separated/ Divorced
Widowed
Physician
Surgeon 1
Surgeon 2
Health outcomes
QuickDASH
Pain
PHQ-2
PSEQ

24

n=85
Mean
46
16

sd
15.8
2.7

n

%

41
44

48
52

40
32
13

47
38
15

52
7
9
8
3
1
1

64
8.6
11
9.9
3.7
1.2
1.2

36
1
32
13
3

42
1.2
38
15
3.5

15
70

18
82

37
4.1
0.81
43

24
2.7
1.4
14

Range
18 - 78
11 - 23

0 - 89
0 - 10
0-6
0 - 60

Factors associated with met expectations in patients with hand and upper extremity disorders

Prior to the medical encounter with the hand specialist, patients completed
the Patient Intentions Questionnaire (PIQ), the Patient Health Questionnaire-2
(PHQ-2), the Pain Self-efficacy Questionnaire (PSEQ), the Numerical Rating Scale
for pain (NRS), and the Disabilities of the Arm Shoulder and Hand, short version
(Quick DASH) (12-17). After the medical encounter patients completed the EMQ
(Expectations Met Questionnaire) and the MISS (Medical Interview Satisfaction
Scale) (18, 19).
Measures
The Patient Intentions Questionnaire (PIQ) consists of 34 statements measuring
patients’ expectations and specific goals that a patient desires from the visit, rated
on a 3 point Likert scale (20) These expectations are defined in terms of patients’
needs, requests or desires prior to seeing the physician (e.g. ‘I want my doctor to
understand the problem’, ‘I want the doctor to explain my emotional problems’).
All items in the PIQ were scored on a 3-point Likert scale (agree, uncertain or
disagree), to indicate to what extent patients expect to these statements (4, 20,
21). The original PIQ was developed to measure expectation of primary care. We
modified the PIQ questions specifically for patients presenting to an Orthopaedic
outpatient clinic.
The Patient Health Questionnaire-2 (PHQ-2) is a self-administered diagnostic
instrument for depression disorders, It is a shortened and validated version of the
PHQ-9. The PHQ-2 assesses depression and anhedonia on a 4-point Likert scale,
ranging from 0 “not at all” to 3 “nearly every day” (14, 22, 23).
The Pain Self-Efficacy Questionnaire (PSEQ) is a self reported measure assessing
patients’ confidence about their ability to perform a particular behavior or task
despite of their pain (15). The questionnaire consists of 10 questions scored on
a 7-point Likert scale ranging from 0 (“not at all confident”) to 6 (“completely
confident”). The score is calculated by adding up the items on a scale ranging from
0 to 60.
The Numerical Rating Scale for pain (NRS) is an 11-point numerical pain rating scale
assessing pain intensity from 0 (no pain) to 10 (worst pain ever) (24).
The QuickDASH is an 11-item questionnaire assessing the disabilities of the arm,
shoulder and hand (DASH) in patients with upper extremity musculoskeletal
disorders (13). Items are answered on 5-point Likert scales. The overall score is
scaled to range from 0 (no disability) to 100 (most severe disability) (12, 13, 25, 26).
The Expectations Met Questionnaire (EMQ) consists of the same 34 statements
as in the PIQ, worded so that they capture patients’ opinion on whether or not
the desired and not desired expectations were met during the visit with the hand
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specialist (e.g. ‘The doctor understood the problem’, ‘The doctor explained my
emotional problems’). The individual items from the EMQ were directly linked to
the same items in the PIQ. Eventually, the degree to which expectations were met,
was established as a percentage of the total amount of met expectations with an
optimum of 100% were all expectations from the PIQ were met according to the
EMQ.
The Medical Interview Satisfaction Scale (MISS) includes 21 items measuring how
satisfied the patients were with their medical encounter. (e.g. “The doctor seemed
to take my problems seriously”) (19, 27, 28). All items were scored on a 7-point
Likert scale from very unsatisfied to completely satisfied. A mean satisfaction index
score was calculated by dividing the total satisfaction score by the total amount of
answered questions.
Statistical analysis
Power analyses indicated that a sample of 84 patients total would provide 80%
statistical power, with alpha = 0.05, to detect a 0.3 correlation between the PIQ
and the PHQ-2. Taking a potential 10% incomplete data into account, a total of 93
patients was required. Continuous data were presented as a mean with a 95%-CI.
Mean imputation was used to account for missing values.
To establish the amount of met expectations, the number of met expectations as
measured by the EMQ was divided by the number of expectations/desires deemed
important for each individual patient, from the PIQ. Afterwards, patients were
divided into three groups according to their percentage of met expectations: low
(0-35%), moderately (36-80%) and highly met expectations (81 – 100%), consistent
with previous developed methodology. We assessed both categories of met
expectations as well as degree of met expectations. This method was used and
validated in prior research(4) and used by our team in a prior study (29).
A Pearson correlation was used to test for correlation between two continuous
variables if normally distributed. Student’s t-test was used to assess differences
in continuous variables by dichotomous variables. ANOVA was used to assess
differences in continuous variables by categorical variables with more than 2
categories. Chi-squared analysis was used to assess relationships between 2
categorical variables. The Fisher Exact Test was carried instead of the Chi-square
if the sample sizes were smaller than n=5/category. We conducted 3 backward,
stepwise, multivariable linear regression to determine the best combination of
predictors of 1) pre-visit expectations, 2) the degree of met expectations and 3)
satisfaction. Variables that met the p<0.10 significance criteria in bivariable and
bivariate factor analysis were included in the multivariable linear regression.
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Results
Are depressive symptoms, pain self-efficacy, pain intensity and disability
the best combination of predictors of pre-visit expectations?
The null hypothesis associated with this question was not fully rejected. Although
in bivariate analyses more depressive symptoms, lower pain self-efficacy, higher
pain intensity and lower years of educations were associated with higher pre-visit
expectations (table 2), in multivariable regressions only less years of education
(p=<0.01) and higher pain intensity (p= 0.022) were selected as best combination
of predictors of higher pre-visit expectations and explained 19% of variance (Table 3).
Are depressive symptoms, pain self-efficacy, pain intensity and disability
the best combination of predictors of met expectations?
The null hypothesis associated with this question was not rejected fully. In bivariate
analyses patients in the low and moderate met expectations categories had
significantly more symptoms of depression, and were less educated than those
with high met expectations. Further, patients in the low met expectations category
also had significantly more pain compared to those in the high met expectations
category. Women and patients with traumatic injuries had significantly more
expectation met than men and patients with non-specific arm pain, respectively
(Table 2). For ease of interpretation, the continuous met expectations score (rather
than the categorical score) was used as response variable in the multivariable
stepwise regression. In multivariable regression only lower pain intensity predicted
higher met expectations, explaining 11% variance (Table 4).
Are depressive symptoms, pain self-efficacy, pain intensity, disability,
pre-visit expectations and met expectations the best combination of
predictors of satisfaction?
The null hypothesis associated with this research question was not rejected fully.
In bivariate analyses patients in the high met expectations category were more
satisfied compared to patients in the moderate and low expectations categories
(Table 5). Patient satisfaction was not related to pain self-efficacy, depression, pain
intensity or hand and arm specific disability (Table 2). There was no significant
correlation between pre-visit expectations and satisfaction. In the multivariable
analysis, degree of met expectations was the strongest predictor explaining 30% of
the variance in satisfaction (Table 6).
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Sex
Women
Men
Diagnosis
Traumaitc injuries
Non-traumatic injuries
Non-specific arm pain
Marital status
Single
Living with partner
Married
Separated/Divorced
Widowed
Work status
Working full time
Working part time
Retired
Unemployed, able to work
Unemployed, unable to work
Workers compensation
On sick leave
Physician
Surgeon 1
Surgeon 2
Health related outcomes
Age
Years of education
QuickDASH
Pain
PHQ
PSEQ
0.32

20
15
21
22
23

20
21
coefficient
0.1
-0.4
0.15
0.35
0.3
-0.22
p-value
0.35
<0.001
0.17
<0.001
0.005
0.04

0.76

0.26

0.094

19
22
21

20
21
23
23
22
26
18

0.72

p-value

20
21

mean

2
9
mean
49
15
40
6.3
1.3
41

4
2
2
2
0
0
0

3
0
6
2
0

5
21
mean
40
15
38
4.3
1.3
43

17
1
2
3
1
0
1

14
1
9
1
1

10
12
4

(36-80%)
n
7
19

(0-35%)
n
5
6
1
3
7

moderate

8
40
mean
48
17
36
3.4
0.46
44

31
4
5
3
2
1
0

19
0
17
10
2

29
17
2

(81-100%)
n
29
19

high

EMQ (Percentage of met - expectations)
low

p-value
0.058
0.01
0.85
0.005
<0.02
0.86

0.96

0.69

<0.39

<0.01

0.02

p-value

5.4
5.4
coefficient
0.12
0.19
-0.04
-0.16
-0.077
0.12

5.5
5.5
5.3
5.0
5.8
4.8
4.9

5.4
5.7
5.4
5.6
4.9

5.5
5.5
5.9

5.5
5.3

mean

p-value
0.27
0.075
0.72
0.14
0.48
0.27

0.95

0.39

0.13

0.18

0.29

p-value

Patient satisfaction (MISS)

2

PIQ (Desired expectations)

Table 2 Bivariate analyses of patients demographics and factors with desired expectations, percentage of met expectations and satisfaction
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Table 3 Linear regression for predicting pre-visit expectation
Variable

Coef.

p-value

95% CI
Lower

Upper

Education

-0.54

<0.00

-1.00

-0.27

Pain intensity

0.43

0.02

0.12

0.86

PHQ-2

-

NS

-

-

PSEQ

-

NS

-

-

Diagnoses

-

NS

-

-

Prob > F

Adjusted R2

<0.01

0.19

2

In model: Dependent variable: Percentage of met expectations. Explanatory variable: Education,
PHQ-9, PSEQ, Pain intenisty, and diagnoses. NS: Not Significant

Table 4 Linear regression for predicting met expectation
Variable

Pain intensity

Coef.

p-value

-0.03

95% CI
Lower

Upper

-0.05

-0.01

<0.01

Prob > F

Adjusted R2

<0.01

0.11

Gender
Age
PHQ-2
Education
In model: Dependent variable: Percentage of met expectations. Explanatory variable: Gender, pain
intensity, age, education and diagnoses. NS: Not Significant

Table 5 Bivariate analysis comparing mean satisfaction for the groups with low-, moderately and highly
met expectations
Satisfaction (MISS)
n (%)

mean (SD)

Expectation low met (0%-35%)

11 (13)

4.5 (0.70)

Expectation moderately met (36%-80%)

26 (31)

5.2 (0.65)

Expectation highly met (81%-100%)

48 (56)

5.7 (0.60)

p value
<0.01*

*: The post-hoc bonferroni showed a significant difference between all expectation categories

Table 6 Linear regression for predicting satisfaction
Variable

Coef.

p-value
Lower

Upper

Non-specific arm pain

1.90

<0.01

1.30

2.50

-

NS

-

-

Education

95% CI

Prob > F

Adjusted R2

<0.01

0.30

In model: Dependent variable: Percentage of met expectations and education. NS: Not Significant
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Patients with more symptoms of depression and higher pain intensity have higher
pre-visit expectations and fewer of these expectations are met. Patients with lower
pain self-efficacy also have higher pre-visit expectations, but pain self-efficacy did
not have an effect on met expectations. In other words, as the level of distress and
pain intensity increase, and level of self efficacy about coping with pain decreases,
the expectations patients place on the medical visit also increase; As the level of
distress and pain increase, the less likely the patients are to have their high previsit patient expectations met by the medical visit. Patient satisfaction was strongly
influenced by the degree to which patient expectations were met, but we did not
find correlations between psychosocial factors and satisfaction.
The finding that patient satisfaction is strongly influenced by the degree to which
patients’ expectations are met is consistent with previous studies (2-4, 30-32). This
may be a foregone conclusion since measures of met expectations and measures
of patient satisfaction may assess the same construct (3, 4).
Data is scarce with respect to the association between psychological factors,
physical symptoms and pre-visit expectations or met expectations. A previous
study among primary care patients showed a weak association between physical
symptoms and patients’ pre-visit expectations, and an association between a
general measure of psychological distress and desire for support from the general
practitioner, regardless of the amount of support received from family and friends
(20).
There is conflicting evidence regarding the association between satisfaction
and psychological factors. Our finding that satisfaction was not associated with
symptoms of depression and low self-efficacy is consistent with a study among
general practice patients. However, other studies found that psychosocial factors
including mood and anxiety disorders are associated with dissatisfaction (33, 34).
We used a more patient-specific satisfaction scale, rather than overall satisfaction
with care as it was done in most prior studies. It may be that psychosocial factors
might influence patient satisfaction indirectly through their relationship with previsit expectations and met expectations, and future studies should assess these
relationships through mediation analyses.
These findings should be viewed in light of the fact that pre-visit and met
expectations were assessed with a measure developed specifically for primary care
patients, who have a long-standing relationship with their providers. Although
we modified the items to reflect a visit with an orthopedic doctor, ratings were
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done based on only one visit, rather than a long-standing relationship. This may
explain some of the differences in findings between our study and previous
reports. Nonetheless, this study suggests a profile for patients who are dissatisfied
with their one visit with an orthopedic specialist in an outpatient clinic. These
dissatisfied patients have fewer expectations met. These patients with fewer met
expectations have more symptoms of depression, lower self-efficacy (less effective
coping strategies), greater pain intensity, and higher pre-visit expectations.
This study has several limitations. First, this is an observational cross-sectional study.
As all participants completed all measures at one time point, no inferences can be
made about causality. Future studies should assess these relationships prospectively,
while also assessing additional factors such as return to work, subsequent medical
procedures and surgeries that can be associated with expectations and satisfaction.
A second limitation is the small sample size of this pilot study; relationships among
the variables may exist but have not been uncovered due to low power. Future
studies should assess these relationships with larger samples.
This study has multiple clinical implications that should be first tested via
randomized controlled trials. First, attempts to improve patient satisfaction might
focus on establishing appropriate pre-visit expectations via appropriate marketing
and outreach, provision of evidenced-based information in an understandable and
meaningful form (e.g. decision aids) prior to the visit, and even pre-visit triage and
education. Research in other medical fields shows that when patients are given
decision aids, such as educational booklets, DVDs, or interactive tools, to help them
make treatment choices, they are more knowledgeable and satisfied with their
care (35). Such decision aids and educational materials can be used specifically
to target pre-visit expectations, and their efficacy in improving satisfaction can be
tested via a randomized controlled trial against usual care. Second, screening for
risk factors (e.g., depressive symptoms, low self-efficacy, and high pain intensity),
and addressing these with pre-visit telephone or web-based cognitive behavioral
therapy interventions to improve mood and coping strategies can improve both
expectations and satisfaction. Future studies should test feasible ways to screen for
psychosocial factors for all new patients at the time the orthopedic appointment is
made, via online questionnaires emailed to patients, and then test within an RCT the
feasibility and efficacy of brief skills based psychosocial interventions addressing
modifiable risk factors through live video or web to increase reach and uptake,
versus usual medical care. This would represent a substantial change from the
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current situation where specialist’s care of the patient starts in the specialist’s office,
to a situation where patients are cared for by a more complete team consisting of
medical, psychological, and sociological experts, and management is continuous,
ongoing, and coordinated (sometimes referred to as a medical home).
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patients limit pain and disability

”

to improve their mood and self-efficacy.
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Background
Cognitive flexibility – the ability to restructure one’s knowledge, incorporate new
facts, widen perspective, and adapt to the demands of new and unexpected
conditions - can help one adapt to illness. The aim of this study was to assess the
relationship between cognitive flexibility and hand and upper extremity specific
disability in patients presenting to a hand surgeon. Secondarily, we determined
predictors of cognitive flexibility and pain.
Methods
Eighty-nine consecutive outpatients completed the Cognitive flexibility
questionnaire (CFS), Short Health Anxiety Inventory-5 (SHAI-5), Pain Self-Efficacy
Questionnaire (PSEQ), Disabilities of Arm, Shoulder and Hand, short form
(QuickDASH), and Patient Health Questionnaire for Depression-2 (PHQ-2) in a crosssectional study.
Results
CFS did not correlate with disability or pain intensity. Disability correlated with
PSEQ (r=-0.66, p<0.01), PHQ-2 (r=0.38, p=<0.01), and SHAI-5 (r=0.33, p<0.01). Pain
intensity correlated with PSEQ (r=-0.51 p<0.01) and PHQ-2 (r=0.41 p<0.01). There
was a small correlation between the CFS and PSEQ (r=0.25, p=0.02). The best
multivariable models for QuickDASH and pain intensity included PSEQ and PHQ
and explained 35% and 28% of the variability respectively.
Conclusions
Upper extremity specific disability and pain intensity are limited more by selfefficacy than cognitive flexibility. Interventions to improve self-efficacy might help
patients with upper extremity illness.
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Introduction
Symptoms of depression and coping strategies are known correlates of pain
intensity, magnitude of disability, and patient satisfaction (1-5). More adaptive
patients report less pain and disability irrespective of the diagnosis or impairment
(6,7,1,5,8,9). Recent developments from the field of positive psychology emphasize
the importance of cognitive flexibility– the ability to restructure one’s knowledge,
incorporate new facts, widen perspective, and adapt to the demands of new
and unexpected conditions–(10,11) for problem solving and adaptation to life’s
demands. Martin and Rubin describe adaptation as a process of social cognition
during which one becomes aware of options, becomes flexible, and experiences
increased self-efficacy (12-14). This implies that adaptation and resilience—key
aspects of good health—require cognitive flexibility. As such, we reasoned that
cognitive flexibility may be important in adapting to medical conditions including
hand and upper extremity illness.
Previous work showed that cognitive flexibility correlates with some types of
psychopathology (15-17). For instance, low cognitive flexibility according to the
Wisconsin Card Sorting Task correlated with severity of eating disorder (18,16).
Studies of cognitive flexibility have been conducted with neuropsychological
assessments and primarily in school-aged children (19,20). To our knowledge, no
prior studies assessed the relationship between self-reported cognitive flexibility
and medical illness.
Our interest in cognitive flexibility arose from our observation that patients who
are cognitively inflexible tend to hold strongly to their first impressions (intuitions,
gut feelings, cognitive errors) in response to symptoms and impairment--in spite
of expert advise to the contrary--have greater disability and pain intensity and can
take longer to recover from upper extremity musculoskeletal illness. (21-24, 5). It
appears that these patients are unable to negotiate and integrate the information
presented to them. Rather, they seem prone to confirmatory bias, disregarding
information that does not confirm their beliefs, and get stuck in a pattern of negative
thinking. This is manifested in the strong relationship of catastrophic thinking and
low self-efficacy to pain intensity and magnitude of disability in patients with arm
illness (22-24,5,21).
Kahneman’s simplification of these aspects of human thought into system 1
(human heuristics or the intuitive system) and system 2 (analytical calculation or
reconsideration of first impressions) is useful (25). System 1 searches for causality;
it creates coherent interpretations quickly and unconsciously based on emotions,
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previous experiences/information and memories. System 2 is much slower and
has to be activated. It involves conscious judgment based on critical thinking
and examination; it is rational and analytical. System 1 has a larger capacity and
is generally more effective in day-to-day living. Employing system 2 in simple
activities of daily living would be tiring (25). However, in many situations that
involve decisions with important consequences, system 2 is much better equipped
to give the best solutions.
Kahneman’s theory has many applications to illnesses and the decisions patients
make with regard to their medical care. In patients with pain, it can be theorized
that those who are cognitively inflexible are employing the intuitive system 1
rather than the analytical system 2 when faced with musculoskeletal conditions.
In other words, they go with their first impressions and are not able to look at the
evidence presented and analytically assess the information presented to them.
Because system 1 is unable to process complex information, patients get stuck in
the normal protective response to pain (where we tend to prepare for the worse)
and are unable to adapt. In contrast, patients who are cognitively flexible may be
more capable of adaptation and may employ the analytical system 2, “rethink” the
normal protective response to pain, and regain trust in their body, which is the
essence of good health.
The purpose of this study was to assess the relationship between cognitive
flexibility and hand and upper extremity specific disability in patients presenting
to an orthopedics hand and arm practice. We also studied psychosocial factors
associated with cognitive flexibility and pain intensity that could potentially be
used to eventually develop mind body interventions for hand surgery patients.

Material and Methods
After approval of our institutional review board, all non-pregnant, English speaking
new and follow-up patients aged 18 years or greater were asked to participate in
this cross-sectional study at a tertiary care institution. The patients were recruited
from an office with three hand surgeons (the majority from just one of the
surgeons—the one who more consistently allows his patients to participate in
research) in a tertiary care urban hospital in the United States where most patients
are referred directly from a primary care network. The enrollment was random and
based on the availability of researchers working on this project and competition
with other active projects. The doctor and study staff described the study details
and informed consent was obtained.
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Eighty-nine patients were enrolled, but 5 decided not to participate while
completing questionnaires, due either to time constraints (4 patients) and or lack
of interest (1 patient) (25). Patients completed a survey of demographics and the
following questionnaires: Cognitive Flexibility Scale (CFS), Short Health Anxiety
Inventory-5 (SHAI-5), Pain Self-Efficacy Questionnaire (PSEQ), Disabilities of Arm,
Shoulder and Hand, short form (QuickDASH) and Patient Health Questionnaire for
Depression-2 (PHQ-2).
Measurement tools
The CFS is a validated tool to measure patients’ ability to adapt to new situations,
awareness of different alternatives, and readiness to adapt to different alternatives
and be flexible. (26-28). The questionnaire consists of 12 questions answered on
6-point Likert scale ranging from strongly agree to strongly disagree. Scores range
from 12 to 72, with a higher score implying higher cognitive flexibility (14). In one
case, individual mean imputation for a singular missing item was used to calculate
that individual’s CFS. We had one missing value on the CFS. We used mean imputation
to complete this missing value.
The SHAI-5 questionnaire is a validated shortened 5-item version of the SHAI-18 (29,2).
Scores range from 0 to 15, with a higher score indicating greater health anxiety. (29,2).
The PSEQ is a 10-item patient-reported outcome inventory. The PSEQ assesses a
patient’s confidence and ability to accomplish their daily activities despite the pain
(30,31] The questions are scored on a 7-point Likert scale ranging from 0 (“not at all
confident”) to 6 (“completely confident”). The outcome score is calculated by adding
up the items on a scale ranging from 0 to 70, with a higher score indicating greater
self-efficacy. For missing values mean imputation was used.
The QuickDASH was used to measure upper extremity specific disability (32).
This questionnaire is the shortened version of the DASH (32). The original DASH
questionnaire is a thirty-item questionnaire (33). The QuickDASH is comprised of 11
questions, which each are answered on a 5-point Likert scale. The score is scaled to a
value between 0 (no disability) to 100 (most severe disability) (34] The QuickDASH is
not valid if more than one question is missing.
The PHQ-2 was used to assess symptoms of depression (35,36). The PHQ-2 is a
shortened 2-item questionnaire and is comprised of the first 2 questions of the PHQ9. It has been validated in prior studies. It consists of two questions on a 4-point
Likert scale between 0 “not at all” and 3 “nearly every day” assessing depression and
anhedonia. The overall score ranges from 0 to 6 (37).
Patients rated their pain using the Numeric Rating Scale (an 11-point ordinal scale
from 0, no pain to 10, the worst imaginable pain) (38).
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Statistical analyses
A priori power analysis for our primary study question determined that 84 patients
would provide 80% power to detect a 0.30 (medium) correlation between the
CFS and QuickDASH. The data was not normally distributed according to the
Kolomogorov-Smirnov test and therefore non-parametric tests were used. The
Spearman correlation was used to assess the relationship between continuous
variables, the Mann-Whitney U test was performed to test the relationship between
continuous and dichotomous variables, and the Kruskal-Wallis test was done to
determine the relationship between categorical variables with more than two
categories and continuous variables.
Variables with p-value < 0.10, were inserted in a backward, stepwise, multivariable
linear regression analysis to find predictors of the QuickDASH score. When
categorical variables were inserted in multivariable analysis dummy codes were
generated when there were more than two categories.
We accounted for potential confounders such as demographics, anxiety, selfefficacy, physical function and depression.

Results
The mean age of the 84 patients that completed the study was 45 years (SD=16,
range 19-94 years) and 43 patients (51%) were men. Forty-eight (57%) patients
had acute injuries, 10 (12%) carpal tunnel syndrome, and 26 (31%) other discrete
diagnoses (Table 1).
Patients had moderate hand and upper extremity disability on average as measured
by the QuickDASH (Table 2). QuickDASH correlated with PSEQ, PHQ, SHAI-5 and
marital status, but not with cognitive flexibility. (Table 3) The best multivariable
model included PSEQ alone and explained 35% of the variability in QuickDASH
(adjusted R-squared: 0.35, p<0.01).
Pain intensity correlated with PSEQ, PHQ-2 and SHAI-5, but not with CFS (Table 3).
The best multivariable model included PSEQ and PHQ and explained 29% of the
variability in pain intensity (adjusted R-squared: 0.27, p<0.01).
CFS correlated with PSEQ(r=0.25, p=0.02), but not PHQ-2 or SHAI-5 (Table 4).
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Table 1 Patient demographics
Parameter
Age (y)
Education (y of School)
Sex
Male
Female
Marital status
Single
Living with partner
Married
Separated/Divorced
Widowed
Work status
Working full time
Working part time
Homemaker
Retired
Unemployed, able to work
Unemployed, unable to work
Workers compensation
Physician
Surgeon 01
Surgeon 02
Surgeon 03
Other
Diagnosis Group
Acute injuries
Closed tendon injury
Fractures
Laceration
Non-specific arm pain
Trigger finger
Carpal Tunnel Syndrome
Ganglion
Osteoarthritis
Tendinitis
Lateral epicondylosis
Rotator cuff tendinosis
Giant cell tumor
Ligament deficiency
Other
Type of patient
New patient
Follow-up
Post operative followup
Sougth treatment for this condition before
Yes
No

n= 84
Mean
45
15

SD
16
2,9

Number

%

41
43

49
51

27
1
46
7
3

32
1,2
55
8,3
3,6

51
8
1
10
3
10
1

61
10
1,2
12
3,4
12
1,2

2
5
71
6

2,4
5,9
85
7,1

46
8
28
10
1
4
10
6
4
2
3
1
2
1
4

55
17
61
22
1,2
4,8
12
7,1
4,8
2,4
3,6
1,2
2,4
1,2
4,8

35
33
16

42
39
19

28
56

33
67

Range
19-94
9-22

3
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Table 2 Health related parameters at Enrollment
Parameter
n=84

3

Initial Enrollment
Mean

(±sd)

Range

CFS

63

6,3

45-72

Quick DASH

32

20

0-84

Pain

3,6

1,3

0-10

PSEQ

50

11

6-60

PHQ

0,7

1,2

0-4

SHAI-5

4,0

2,3

0-12

Table 3 Bivariate analyses
Quick DASH
Parameters at enrollment

Pain

r

p-value

r

p-value

CFS

-0,05

NS

-0,11

NS

Age

0,08

NS

0,13

NS

Education

-0,08

NS

-0,18

0,09

PSEQ

-0,66

<0.01

-0,52

<0.01

PHQ

0,38

<0.01

0,41

<0.01

SHAI-5

0,33

<0.01

0,19

0,09

Duration of injury

-0,02

NS

0,05

NS

Mean (SD)

p-value

Mean (SD)

p-value

Sex
Male

34 (±20)

Female

31 (±21)

NS

3.7 (±2.5)
3.4 (±2.6)

NS

Marital status
Single

32 (±20)

3.7 (±2.6)

Living with partner

11 (±0.0)

1.0 (0.0)

Married

29 (±19)

Separated/Divorced

46 (±26)

6.4 (±2.2)

Widowed

54 (±8.0)

5.3 (±2.3)

30 (±19)

3.1 (±2.4)

Working part time

46 (±23)

4.5 (±2.3)

Homemaker

39 (±0.0)

Retired

36 (±25)

Unemployed, able to work

22 (±15)

4.3 (±2.5)

Unemployed, unable to work

37 (±17)

4.2 (±3.1)

Others

9.0 (±0.0)

2.0 (±0.0)

0,06

3.0 (±2.3)

NS

Work status
Working full time

44

2.0 (±0.0)
NS

4.5 (±2.5)

NS
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Table 3 Continued
Quick DASH
Mean (SD)

Pain

p-value

Mean (SD)

p-value

Diagnosis
Acute injuries

31 (±21)

3.0 (±2.5)

Closed tendon injury

29 (±18)

4.4 (±2.4)

Fractures

34 (±22)

3.1 (±2.4)

Laceration

25 (±24)

1.7 (±2.3)

Non-specific arm pain

18 (±0.0)

3.0 (±0.0)

Trigger finger

29 (±26)

4.3 (±3.1)

Carpal Tunnel Syndrome

39 (±18)

Ganglion

30 (±18)

Osteoarthritis

26 (±28)

4.0 (±2.4)

Tendinitis

41 (±13)

4.5 (±2.2)

Epicondylitis lateralis

44 (±14)

5.7 (±2.1)

Rotator cuff tendinosis

36 (±0.0)

5.0 (±0.0)

Giant cell tumor

28 (±1.6)

3.0 (±2.8)

Ligament deficiency

36 (±0.0)

1.0 (±(0.0)

Other

39 (±25)

5.0 (±2.2)

3

4.2 (±3.4)
NS

4.2 (±2.1)

NS

Type of patient
New patient

33 (±22)

Follow-up

30 (±20)

Post operative followup

37 (±16)

3.9 (±2.4)
NS

2.9(±2.5)

NS

4.2 (±2.7)

Sougth treatment for this condition before
Yes

34 (±21)

No

30 (±18)

NS

3.5 (±2.7)
3.8 (±2.1)

NS

Table 4 Bivariate relationships between CFS and main study variables
CFS
Parameters

r

p-value

QuickDASH

-0,05

NS

PSEQ

0,25

0,02

PHQ

-0,12

NS

SHAI-5

-0,19

0,08

Pain

-0,11

NS
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Discussion

3

We found no correlation between cognitive flexibility and pain intensity or hand
and upper extremity disability. Consistent with prior work, pain self-efficacy was
strongly associated with hand and upper extremity disability and pain intensity
(22,24). Cognitive flexibility was significantly associated with pain self-efficacy, but
not depression and health anxiety. These findings suggest that the specific coping
tactic of interpreting nociception in the most optimistic and adaptive way (pain
self-efficacy) might be the only part of the general construct of cognitive flexibility
that has an impact on hand and upper extremity illness. For clinical care, this may
mean that focusing on improving patients’ sense of self-efficacy about their pain
may be more effective in decreasing hand specific disability than encouraging
open mindedness. It is not uncommon for surgeons in clinical practice to find
themselves in the position of attempting to convince patients that it is safe to
engage in activities that cause pain. Perhaps a better strategy for surgeons is to
focus on providing encouragement, communicating confidence in patients ability
to be successful in managing their pain condition (as they undoubtedly have
successfully managed other difficult times in their lives), and foster an environment
of hope and positivity. In addition, cognitive behavioral therapy may be of additional
value, coaching patients with ineffective coping skills to better physical outcomes.
A prospective study might identify an association between cognitive flexibility
and greater reduction in disability after reassurance or treatment that could not be
demonstrated in this cross-sectional study. On the other hand, cognitive flexibility
may have limited correlation with disability due to cognitive errors at both ends
of the spectrum: either failing to incorporate new ideas that are more adaptive,
or being too receptive resulting in a tendency to be influenced by maladaptive
concepts.
This study should be considered in light of its shortcomings. We might find different
results in subsets of patients with more uniform demographics and disease. Most
of the patients were from the practice of one surgeon and different surgeon
styles might alter the results. Stepwise regressions may be prone to spurious
results. Finally, the reliability and validity of the CFS among elderly population with
cognitive impairment is debated.
The results of this study suggest that the best strategy is to help patients limit
pain and disability to improve their mood and self-efficacy. It may be that before a
patient can shift their thinking and engage in cognitive flexibility and other helpful
coping strategies, he or she needs to be confident that they are able to make
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changes. Patients that have difficulty gaining confidence that they can accomplish
their goals in spite of pain might benefit from psychosocial interventions such as
Cognitive Behavioral Therapy.

3
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Abstract
Background
Swelling, tenderness, and ecchymosis don’t correlate with time to functional
recovery in patients with a lateral ankle sprain. It is established that psychosocial
factors such as symptoms of depression and low pain self-efficacy correlate with
pain intensity and magnitude of limitations in patients with musculoskeletal
disorders.

4

Objective
We studied the correlation between pain self-efficacy or symptoms of depression
and (1) ankle specific limitations and (2) pain intensity in patients with a lateral
ankle sprain. Further we explored the correlation between estimation of sprain
severity (grade) and (3) pain intensity or magnitude of ankle specific limitations.
Design: Eighty-four patients with a lateral ankle sprain prospectively complete the
Pain Self Efficacy Questionnaire, the Olerud Molander Ankle Score, Ordinal scale
of Pain and the Patient Health Questionnaire-2 at enrollment and the Olerud
Molander Ankle Score and the Ordinal scale of Pain three weeks after the injury.
Factors associated with higher ankle specific limitations and symptoms were
investigated in bivariable and multivariable analysis.
Results
When accounting for confounding factors, better self-efficacy (p=0.01) and older
age (p<0.01) were significantly associated with greater ankle specific symptoms
and limitations three weeks after the injury and explained 22% of the variability in
ankle specific limitations and symptoms. There was no correlation between the
grade of the sprain and pain intensity or ankle specific limitations or symptoms.
Conclusions
Psychosocial factors (adaptiveness in response to pain in particular) explain more
of the variation in symptoms and limitations after ankle sprain than the degree
of pathophysiology. The influence of adaptive illness descriptions and recovery
strategies based on methods for improving self-efficacy (i.e. cognitive behavioral
therapy) might enhance and speed recovery from ankle injuries and merit
additional investigation.
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Introduction
Ankle sprains are a common injury accounting for approximately 4% of all injuries
seen in the emergency department and 30% of all sport related injuries (1). Most
injuries, approximately 85%, are lateral ankle sprains (2).
Recovery after an acute ankle sprain focuses on adequate protection of the ankle
ligaments to ensure stability, decreasing swelling and tenderness followed by
exercises to regain motion and strength (3-5). It is well established that short-term
immobilization is beneficial regardless of severity and long-term immobilization
should be avoided (4, 6, 7). The ability to begin movement as early and safely as
possible is beneficial to the resolution of symptoms associated with a lateral ankle
sprain (7, 8). At initial presentation, it can be challenging to identify ankle sprains
that might benefit from more prolonged immobilization (9, 10). Previous studies
found that the severity of swelling, grade of the sprain, ecchymosis, tenderness,
and instability do not correlate with time to resumption of normal activity (9).
For many musculoskeletal injuries, psychosocial factors such as symptoms of
depression and effective coping strategies (e.g. self-efficacy) explain most of the
variation in pain intensity and degree of limitations (11-22). If these relationships also
apply to ankle sprains, awareness of them might help prevent unnecessary tests,
immobilization, injections, or surgery. Screening for ineffective coping strategies
and psychological distress could help speed recovery using interventions based
on cognitive behavioral therapy (23).
The objective of this study was to evaluate whether ankle specific limitations and
pain intensity correlate with psychosocial factors, such as 1) self-efficacy in response
to the ability to sense potential harm and 2) symptoms of depression. Our primary
null-hypothesis is that there is no correlation between ankle specific limitations
three weeks after injury and pain self-efficacy or symptoms of depression at the
time of enrolment in patients with an ankle sprain. Secondary hypotheses were 1)
that there is no correlation between pain intensity three weeks after the injury and
pain self-efficacy or symptoms of depression in patients with ankle sprains; and 2)
that there is no correlation between estimation of sprain severity (grade) and pain
intensity and magnitude of ankle specific limitations.

Materials and Methods
Our Institutional Review Board approved this single center cross-sectional
observational study. The study was described in detail and one of the treating
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physicians or study staff obtained informed consent. Patients were enrolled
between August 2014 and October 2015. Patients were screened for eligibility and
asked to consider participation one week after their ankle injury during their visit
with the treating physician. All patients between 16 and 65 years of age visiting our
outpatient clinic with a lateral inversion ankle sprain with adequate x rays of the
ankle were eligible for inclusion. Patients were excluded when a fracture of the foot
or ankle was observed or patients experiencing recurrent ankle sprains. All patients
received our standard protocolled care of: Rest/Immobilization (compression
bandage)/Compression/ Elevation (RICE) for the first few days after which patients
could start weight bearing as tolerated. Patients were advised to take over the
counter analgesics if necessary.
After the consult with the treating physician, including a physical examination, the
patients provided demographic information and completed a questionnaire about
physical function of the ankle (Olerud Molander Ankle Score (OMAS) and grade of
the injury)(24), coping strategy (Pain Self Efficacy Questionnaire (PSEQ)), symptoms
of depression (Patient Health questionnaire-2 (PHQ-2)) and pain intensity (ordinal
scale of pain).
Three weeks after the injury, during a routine follow up check; patients completed
the same questionnaires again, except the PSEQ and PHQ-2. If patients could not
return to the office, they were contacted by mail, email, or telephone to complete
the questionnaire (figure 1).

Ankle sprain,
Emergency
Department visit
5-7 days

Inclusion in study

2 weeks

Follow-up moment

Figure 1 Flowchart of study timeline
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Outcome measures
The Olerud Molander Ankle Score (OMAS) is a 9 item functional ankle score
designed to assess limitations in patients with ankle fractures (25). It has also
proven validity in other acute ankle injuries such as ankle sprains (26, 27). It was
developed specifically as a comparative research measure to improve consistency,
uniformity, and responsiveness in ankle injury research (25). The OMAS is a valid
outcome score (r = 0.70-0.82) to detect short-term improvement in ankle status
in patients with acute lateral ligament injury (26, 28). The overall score is scaled
to range from 0 (most severe disability) to 100 (no disability). There were seven
patients had an incomplete OMAS. Mean score imputation of the other patients
was used for these missing values.
The Pain Self Efficacy Questionnaire (PSEQ) is a 10-item patient-reported outcome
questionnaire to assess both the strength and generality of a patient’s confidence in
the ability to accomplish a particular task or behavior in their daily activities despite
pain (29, 30). The questionnaire consists of 10 questions on a 7-point Likert scale
ranging from 0 (“not at all confident) to 6 (“completely confident”). The total score is
the sum of all individual questions and ranges from 0-60. The PSEQ is both reliable
and valid with a test-retest reliability of r = 0.79 and internal consistency of 0.92 (29,
30). There was one missing question in the PSEQ questionnaire of one patient. We
used mean score imputation of the other patients for this invalid questionnaire
The Patient Health Questionnaire-2 (PHQ-2) is a shortened and validated version of
the PHQ-9 (test-retest reliability r = 0.84) to screen for symptoms of depression. It
has an excellent correlation with the original PHQ-9 (r = 0.87) (31, 32). The PHQ-2
quickly assesses the two major symptoms of depression on a 4-point Likert scale
(31, 33).
The ordinal scale of pain is a scale measuring pain intensity on a scale from 0 (no
pain) to 10 (worst pain ever) (34).
Statistical analysis
Data analysis was performed with SPSS version 20 (IBM Corp., Armonk, NY) for
Macintosh. An a priori power analysis showed that for our primary null hypothesis
(that there is no correlation between ankle specific limitations at three weeks and
pain self-efficacy) with a medium effect size of 0.3, and alpha=0.05 revealed that
84 patients are needed for 80% power, based on a bivariate correlation model.
Accounting for 5% loss to follow up or incomplete data, we planned to enroll 88
patients. The data was not normally distributed according to the KolmogorovSmirnov test, and therefor non-parametric tests were used.
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Internal consistency was determined by calculating the Crohnbach’s alpha for the
PSEQ. In the bivariable analysis Spearman correlation was used for continuous
variables such as self-efficacy and depression The Mann-Whitney U test was used
for dichotomous variables such as sex. Kruskall-Wallis was used for categorical
variables such as trauma mechanism and grade of the sprain. Variables that were
near significant (p<0.10) were inserted in a backward, stepwise, multivariable linear
regression analysis to explain their correlation with ankle specific limitations. In
multivariable linear regression analysis only patients with complete data for all
variables were included. When categorical variables were inserted in a multivariable
analysis, dummy codes were generated when there were more than two categories.

4

Patient demographics
A total of 88 patients were enrolled. The median age of the included patients was
26 (IQR =18) years old and 47 (53%) patients were men. Most patients sustained
the injury through sports (n=42, 48%) or simple inversion trauma (n= 33, 38%, table
1). Eighty-four patients completed the follow up. One patient was included with
predominantly medial tenderness, all other patients had primary inversion ankle
sprains, no high or eversion ankle injuries were included.
The median score of the PSEQ at intake was 46 (IQR=15) and the median score of
the PHQ-2 was 1 (IQR=1). The median score of the OMAS at three weeks was 59
(IQR=24). At three weeks follow up patients had a median score for pain of 2 on a
scale from 0-10 (table 1). The internal consistency of the PSEQ was excellent with a
Crohnbach’s alpha of α=0.93

Results
In bivariable analysis better ankle specific symptoms and limitations (OMAS)
three weeks after injury correlated with greater self-efficacy (PSEQ) at enrollment
(p=0.017), older age (p<0.01), female gender (p=0.048) and days between first visit
and outpatient clinic appointment (p=0.029, table 2). Using multivariable linear
regression to account for confounding factors, higher self-efficacy and younger
age were significantly associated with better ankle specific symptoms and
limitations (high OMAS) and explained 24% of the variability in OMAS (R-squared:
0.24, p<0.001, table 3).
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Table 1 Basic demographic information
n=88
Sex

n

%

male

47

53

female

41

47

employed

68

78

unemployed

19

22

yes

71

82

no

15

17

simple inversion trauma

33

38

sportsinjury

42

48

traffic

5

6

other

8

9

Median

IQR*

Work status (1 missing)

Sport status (2 missing)

4

Trauma mechanism

Age

26

18

BMI (n=75)†

24

5.1

Days to 1st visit

7.0

2.0

Ordinal scale of pain (n=86)

4.0

3.0

PSEQ‡

46

15

PHQ-2

1.0

1.0

OMAS** at 2 weeks (n=84)

59

24

Ordinal scale of pain, 2 weeks (n=78)

2.0

3.0

§

*IQR: Interquartile range, †BMI: body mass index, ‡PSEQ: Pain self efficacy questionnaire, §PHQ:
Patient Health Questionnaire, **OMAS: Olerud Molander Ankle Score,

Lower pain intensity correlated with a greater self-efficacy (p<0.01) and older age
(p=0.015) three weeks after the injury in a bivariable model (table 2). No multivariable
linear regression analysis was performed to identify predictors independently
associated pain intensity.
The grade of the sprain did not correlate with ankle specific symptoms and
limitations (p=0.36) or pain intensity (p=0.45) three weeks after injury.
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Table 2 Bivariable correlation
n=84
Mann-Whitney U

Olerud Molander Ankle score at 3 weeks
Mean

Z

p

-2.0

0.048

-1.0

0.31

-0.33

0.74

Ordinal scale of pain at 3 weeks
Mean

Z

2.6

-0.10

p

Sex
Male

55

Female

63

2.6

0.92

Work status
Yes

58

No

63

2.6

-1.4

2.4

0.17

Sports (Y/N)

4

Yes

60

No

59

Spearman rho

2.4

-1.3

3.1

0.17

r

p

r

p

Age

-0.43

<0.01

0.27

0.015

BMI

0.036

0.77

0.10

0.42

Days to 1st visit

-0.24

0.029

0.16

0.11

PHQ-2

0.047

0.67

0.12

0.29

PSEQ intake

0.26

0.017

-0.32

<0.01

circumference ankle

-0.11

0.28

-0.11

0.35

Kruskal-Wallis

Mean

H

p

Mean

H

p

2.8

0.43

0.76

0.68

trauma mechanism
simple inversion

56

sport

62

traffic

54

other

60

2.9
2.2

0.54

2.2
3.6
3.4

Grade of sprain
1

61

2

55

3

55

2.8
1.6

0.45

2.3
2.0

PHQ-2 = 2-question version of the Patient Health Questionnaire; PSEQ = Pain Self-Efficacy Questionnaire, OMAS = Olerud Molander Ankle Score.
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Table 3 Linear regression for predicting ankle specific disability*
Variable

Coef.

p-value
Lower

Upper

PSEQ~

0.35

0.017

0.06

0.63

Age

-0.47

<0.01

-0.77

-0.16

Sex

6.7

0.054

-0.11

14

-0.95

0.26

-2.6

0.72

Days to outpatient visit

95% CI

Prob > F

R-Square

<0.01

0.24

* assessed with the Olerud Molander Ankle score two weeks after enrollment, ~Pain self efficacy
questionnaire.

4

Discussion
Given the notable influence of depression and self-efficacy on recovery from a
musculoskeletal injury or surgery, treatment to optimize coping strategies might
facilitate recovery (11). The present study found that low self-efficacy was in fact best
able to account for most of the variation in ankle specific symptoms and limitations
and pain intensity after an ankle sprain, while the degree of pathophysiology (grade
of the sprain) had no measurable influence.
This study should be considered in light of its shortcomings. The variable time
between injury and enrollment might have influenced the psychology measures,
although prior research suggests that these are relatively fixed traits (29, 30). The
variable duration between enrollment and final evaluation might have affected the
measures of pain and ankle specific symptoms and limitations. Finally, the grade of
an ankle sprain is a relatively subjective and imprecise measure of the severity of
pathophysiology.
The finding that low self-efficacy correlates with symptoms and limitations after
musculoskeletal injuries is consistent with previous research (11, 15, 35). Stress,
distress, and ineffective coping strategies account for as much or more of the
variation in symptoms and limitations than accounted for by pathophysiology (11,
15, 35). The prominent influence of psychosocial aspects of human illness seem
underappreciated and undertreated in the care of musculoskeletal injury and
illness. This may represent a missed opportunity for enhanced and more rapid
recovery (15, 35). The caring connection established in the first few minutes of an
office visit can help to build patient’ satisfaction. The quality of the doctor-patient
interaction is more important than the minutes the office visit lasted. Therefor a
physicians’ success depends significantly on its communication skills (36). There
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is evidence that optimal communication strategies—empathy in particular—
combined with explanations and management strategies that account for the
thoughts and emotions experienced by people recovering from an injury can
limit symptoms and limitations (37, 38). A preliminary study in patients with acute
musculoskeletal injuries and at risk for chronic pain showed that short sessions of
cognitive behavioral therapy and relaxation response strategies are associated with
a decrease in pain when compared to patients who received standard care (39).
Prior research identified an incidence of estimated clinical depression between 4
and 28% in orthopaedic outpatients (40, 41). Our study only had two (2%) patients
that met the threshold for an estimated diagnosis of clinical depression using the
PHQ-2 (31). Differences might be explained by the country where the evaluation
took place and the younger, mostly athletic, population, as incidences may
differ. Mindset and circumstances influence recovery on a continuum and merit
attention at all times, not just when certain thresholds are reached. This study
found a standardized effect size of r2= 0.24 which could be described as a weak
correlation. Effect sizes in psychological research such as r2 are underestimates of
the true proportions of variance accounted for by the variables. This should be
thought of as the lower bound of the true effect size and variance (42, 43).
Our finding that the grade of the injury is not correlated with more ankle specific
symptoms and limitations is in line with recent studies that state that severity of
the initial ankle sprain does not necessarily predict the likelihood of developing
chronic ankle instability and complaints (44).
Conclusion
For patients with an ankle sprain our study found that greater self-efficacy and
older age are associated with fewer symptoms and limitations during recovery, but
the severity of the sprain is not. Simple tools to assess coping strategies are widely
available and easy to use in clinical practice (45, 46). Guidance in the recovery
period should encourage optimal self-efficacy and encourage the patient to take
an active role in their recovery. Also assessment of a patient’s view of their care,
treatment and outcome could be valuable for physicians’ education.
Acknowledgements: This study was supported by the Cornelis Visser Foundation.
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CHAPTER 5

Abstract
Objective
The Pain Self-Efficacy Questionnaire (PSEQ) is a validated tool to assess pain
self-efficacy and is strongly correlated with disability. Reducing the number of
questions of the original PSEQ in order to screen for self-efficacy will result in more
efficient screening and less burden for the patient. The aim of this study was to
prospectively validate the shortened version of the PSEQ.

5

Method
Two hundred and forty-nine new and follow-up patients visiting our outpatient
orthopaedic hand surgery clinic were prospectively enrolled and asked to
complete the PSEQ, QuickDASH disability, and PHQ-2 depression questionnaires.
The patients completed the questionnaires in the office and online two weeks after
their visit. At the follow-up visit the PSEQ was substituted with the PSEQ-2. The
factors associated with higher QuickDASH scores were investigated in a bivariate
and multivariable analysis. Paired T-test was used to compare the mean of the short
and long questionnaires at enrollment.
Results
There was a large correlation (r=0.90; p<0.001) between the original PSEQ and the
PSEQ-2 at enrollment. The Cronbach alphas were comparable for the PSEQ and the
PSEQ-2 (α=0.95 compared to α=0.91). There was a small but statistically significant
difference between the average scores of the PSEQ and PSEQ-2 (4.4 vs. 4.8 p<0.001).
For the shortened PSEQ a smaller—but still large—correlation was found with the
QuickDASH (r=0.71 vs. r=0.61). Both PSEQ-2 and PSEQ were the most important
predictor of the QuickDASH scores. A substantial test-retest reliability was found
for the PSEQ-2 (0.66).
Conclusion
The PSEQ-2 can be used to quickly assess patients’ pain self-efficacy.
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Introduction
Questionnaires are used to assess disability and psychological distress in clinical
studies and in routine clinical care (1-3). Psychosocial factors such as low pain selfefficacy and greater symptoms of depression are consistent and strong predictors
of upper extremity specific disability (4-10). The short forms of the Disabilities of the
Arm, Shoulder and Hand (QuickDASH) and Patient Health Questionnaire (PHQ-2)
are validated abbreviations of the original instruments that help assess disability
and psychological distress related to upper extremity conditions in a more
expedient and less burdensome manner (11, 12). Self-efficacy is the confidence
one can achieve goals in spite of symptoms (13).
The PSEQ is a 10 questions measure of a patient’s confidence that they can
accomplish their goals in spite of pain (13). The PSEQ has a medium correlation
with QuickDASH in patients with upper extremity illness (r=0.34) (6, 7). Our goal
was to reduce the number of items used to assess patients’ self-efficacy so that we
could assess self-efficacy with less time and burden, making it feasible as part of
routine care in a busy orthopaedic practice (14, 15). In prior work we developed
a 2-question version of the PSEQ and demonstrated good internal consistency
(α=0.90) and a large correlation with the original PSEQ (r=0.76) (16).
The aim of this study was to prospectively validate this shortened version of the
PSEQ. The null hypothesis was that there would be no differences in average scores
between the PSEQ-2 and PSEQ. Secondary study aims were to test the validity of
the shortened version of the PSEQ with arm specific self-perceived disability, as
measured with QuickDASH and if there were no significant differences between
the PSEQ-2 at enrollment compared to final evaluation.

Methods
All adult, non-pregnant, English-speaking patients who visited our orthopaedic
hand surgery outpatient clinic for a new or follow-up visit were asked to enroll
in this longitudinal study. Our Institutional Review Board approved the study and
methods and all patients provided verbal informed consent prior to enrollment.
The participants received a written information sheet after they consented. The
Institutional Review Board agreed to a verbal consent for this study because of
the observational nature of the study. Patients were asked to complete Pain Self
Efficacy Questionnaire (PSEQ-10), the shortened version of the Disability of Arm
Shoulder and Hand (QuickDASH), Patient Health Questionnaire-2 (PHQ-2), 11-point
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ordinal pain scale questionnaire and demographics at enrollment. At follow up
we sent all enrolled patients an invitation to complete the online questionnaires
between 1-4 weeks after enrollment, where we exchanged the PSEQ-10 for the
PSEQ-2 as follow up.
Patient characteristics
The cohort was comprised of 249 patients (54% females), with a mean age of 47
years. There was a balanced ratio for new patients (45%) and follow up patients
(55%) in this cohort. (Table 1) The patients presented with a broad range of pathology
and diagnoses and were enrolled between August and December 2012.

Table 1 Patient demographics

5

Parameter

Mean

SD

Range

Age (years)

47

16

18-83

Months since first pain experience

14

37

0-393

Education (years)

16

2.7

7-24

Number

%

Women

134

54

Men

115

46

First

113

45

Follow-up

136

55

Sex

Visit type

Outcome measures
The Pain Self Efficacy Questionnaire (PSEQ) is a 10-item patient-reported inventory,
to assess both the strength and generality of a patient’s confidence in the ability
to accomplish their daily activities despite the pain (13, 17). The questionnaire
consists of 10 questions scored on a 7-point Likert scale. Patients are asked the
following; “please rate how confident you are that you can do the following things
at present, despite the pain.” To indicate your answer choose one of the numbers
on the scale, Where 0 = “not at all conficent” and 6 = “completely confident”. The 2
question version of the PSEQ consists of two questions of the original PSEQ and has
been developed in a prior study using the inter-item correlation method.
The score is calculated by adding up the items on a scale ranging from 0 to 60.
Our group developed the PSEQ-2 questionnaire (16). This is a shortened version of
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the PSEQ, and questions question 8 (I can still accomplish most of my goals in life,
despite the pain) and 9 (I can live a normal lifestyle, despite the pain) of the original
PSEQ were selected after using inter item correlation according to McCracken and
showed a good correlation with the original PSEQ (α=0.90, r = 76) (18).
There were no missing questions in the initial PSEQ questionnaire, but one patient
had an invalid PSEQ-2 questionnaire at follow-up. We used the mean score
imputation of the other patients for this invalid questionnaire.
The QuickDASH is a validated 11-item shortened version of the original 30-item
Disability of the Arm Shoulder and Hand questionnaire (DASH), which measures
upper-extremity disability (11, 19-21). It has a good internal consistency and large
correlation with the original DASH (α=0.92, r = 0.97) (11, 19, 22). The QuickDASH has
11 questions of the original DASH, concerning upper extremity disability (23). The
original DASH questionnaire is a thirty-item questionnaire (19-21). The QuickDASH
is comprised of 11 questions each of which can be answered on a 5-point Likert
scale. The score is calculated and scores, ranging from 0 (no disability) to 100 (most
severe disability) are possible. If more than one question from the QuickDASH is
missing the QuickDASH is invalid (11).
The PHQ-2 is a validated 2-item shortened version of the original 9-item PHQ-9
which measures symptoms of depression (24). It inquires about the two major
symptoms of depression; depressed mood and anhedonia The PHQ-2 correlated
well with the original PHQ-9 (r = 0.84) (12, 14, 22, 24). The PHQ-2 assesses depression
and anhedonia on a 4-point Likert scale, ranging from 0 “not at all” to 3 “nearly
every day” (6). Three patients did not complete the PHQ-2, there was one missing
questionnaire and two invalid questionnaires. The group mean was imputated for
those missing questions. In addition, the patients completed an 11-point ordinal
scale for pain.
At follow-up, there were 13 patients with incomplete questionnaires for self
reported pain and we imputed the group mean for these missing values.
Statistical analysis
Based on an a priori power analysis 199 patients were needed to detect a difference
between the PSEQ and PSEQ-2 average score with a paired T-test with a small
effect size, with alpha 0.05, and 80% power. Accounting for a 25% incomplete data
or loss to follow-up, 249 patients were enrolled. Based on our large sample size, we
assumed normality of our data and used parametric statistical tests.
To explore the validity of the 2-item version of the PSEQ, correlations between the
long and short version of the PSEQ were calculated with Pearson correlation. We
also calculated the average score per question of the PSEQ and the PSEQ-2 and
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compared them with a paired T-test. The association between the PSEQ-2 and PSEQ
with QuickDASH, pain intensity, and PHQ-2 was tested with Pearson correlation.
We used the following definitions for the magnitude of the correlation: small when
the correlation was between 0.10 to 0.29, medium when r was 0.30-0.49, and large
with r between 0.50 and 1.0 (25, 26).
We calculated the floor effect (the lowest possible score in the questionnaire) and
the ceiling effect (the highest possible score) of the PSEQ and PSEQ-2. Internal
consistency was determined by calculating the Cronbach’s alpha for both the PSEQ
and PSEQ-2.
To assess construct validity, we performed a bivariable analysis for predictors
of the QuickDASH. Pearson’s correlation was used for continuous variables
(questionnaires) and Student T-test for dichotomous variables such as smoking
and ANOVA for categorical variables. Variables that had a p-value less than 0.10
were inserted in a backward, stepwise, multivariable linear regression analysis of
factors associated with higher QuickDASH scores. When categorical variables were
inserted in multivariable analysis dummy codes were used when there were more
than two categories. We did separate regressions, one using the PSEQ-10 and the
other using the PSEQ-2. We did not use response variables (e.g. pain) as explanatory
variables. We reported the partial R-squared value for the individual variables as a
measure of the relative contribution of each variable to the overall variation.
We compared patients that completed the study and those that did not with
chi-square tests for categorical variables and Independent samples T-tests for
continuous outcomes. The correlation of the initial scores of the questionnaires
with the follow-up scores, were calculated with Pearson’s Product moment
coefficient. We also tested for consistency with the Intraclass Correlation Coefficient
(ICC) between the initial and follow-up questionnaire. Differences in questionnaire
scores were compared with paired T-tests.

Results:
Outcome of questionnaires
The mean outcome scores for PHQ, QuickDASH, PSEQ, PSEQ-2 and pain were 0.8,
31, 48, 9.7 and 3.6 respectively at enrollment. There was a high correlation (r = 0.90;
p<0.001) between the original PSEQ and the PSEQ-2 at enrollment. There was a
small but statistically significant difference between the average PSEQ and PSEQ-2
scores (4.4 SD 1.1 vs. 4.8 SD 1.5, p<0.001)(Table 2).
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Table 2 Outcome scores
Instrument
PHQ-2^
QuickDASH*
PSEQ†
PSEQ-2°
Pain
Follow up
PHQ-2^
QuickDASH
PSEQ-2°
Pain

Mean
0.81
31
48
9.7
3.6

SD
1.3
20
12
2.9
2.8

Range
0-6
0-93
9-60
0-12
0-10

0.85
28
9.9
3.6

0.85
26
3.2
2.8

0-6
0-91
0-12
0-10

n=249
Mean of average⌂

4.4
4.8

*QuickDASH = short version of the Disabilities of the Arm, Shoulder and Hand
^PHQ-2 = 2 question version of Patient Health Questionnaire
†PSEQ = Pain Self-Efficacy Questionnaire
°PSEQ-2 = 2 question version of PSEQ
⌂ Average score; total score on the scale divided by the number of questions

5

Content validity
The floor effect for QuickDASH was 2.4% (which means that 2.4% of patients had
the lowest possible score of 0 points), 1.6% for PSEQ-2, 61.5% for PHQ-2 and 15.5%
for the patient self-rating of pain. There was no floor effect for the PSEQ. The ceiling
effect was 17.9% for the PSEQ, 41.7% for PSEQ-2, 1.2% for PHQ-2. The ceiling effect
for pain was 2.8% and QuickDASH had no ceiling effect. Cronbach’s alpha for the
PSEQ was α=0.95 and α=0.91 for the PSEQ-2.
Convergent and divergent validity
The short and long version of PSEQ showed a medium correlation with PHQ (r =
-0.41) and pain (r=-0.38 and r=-0.45 respectively). Both the PSEQ-2 and PSEQ-10 had
a large correlation with QuickDASH (r=-0.61 and r=-0.71); and the correlation with
education was small (r=0.18 and r=0.23 respectively, an indication of convergent
and divergent validity.
Construct validity: Bivariable and Multivariable analysis
There was a significant correlation for QuickDASH with PSEQ, PSEQ-2, PHQ-2, pain,
education, sex and whether or not the patient had other pain conditions. The final
multivariable model for QuickDASH (including the PSEQ) contained the PSEQ, sex
and differences by diagnoses (distal radius fracture, hand or metacarpal fractures
other traumatic injuries, laceration or amputation, and other non traumatic
injuries, compared to NSAP) explaining 58% of the variability in the QuickDASH
(shrunken R-squared: 0.58, p<0.001). PSEQ was the most important predictor
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(partial R-squared 0.46). The second model for QuickDASH (including PSEQ-2)
included the PSEQ-2, sex, differences by work status (unemployed, unable to work
compared to full-time) and differences by diagnosis (distal radius fracture, hand
or metacarpal fractures, other trauma, laceration or amputation, and other non
traumatic problems compared to NSAP) and explained 46% of the variability in the
questionnaire (shrunken R-squared: 0.46, p<0.001). PSEQ-2 was the most important
predictor (partial R-squared 0.25) (Table 3 and 4).

5

Test-retest analyses
The email follow-up rate for this study was 43% (108 respondents). There was a
significant difference in age, marital status, education, PHQ-2, PSEQ, PSEQ-2 and
pain scores between the completers and non-completers at enrollment (Table 5).
At follow up the mean scores of PHQ-2 and pain differed significantly from the
initial time point (Table 6). There was a substantial correlation of the initial and
follow-up PSEQ-2 (r=0.66). The Intraclass Correlation Coefficient ranged between
0.38 for pain to 0.83 for the QuickDASH (Table 6).

Table 3 Bivariate analysis

n=249
QuickDASH

Pearson correlation
Age
Education (years)
Months from Injury
Ordinal scale of pain
PSEQ†
PSEQ-2°
PHQ-2^
T-test
Type of visit
Sex
Smoking
Prior surgery
Other pain conditions
One-way ANOVA
Marital status
Diagnosis
Work status

r

p

-0.018
-0.21
0.016
0.44
-0.71
-0.61
0.38
t
1.3
2.4
-1.1
-0.027
-4.0
F
0.88
2.4
6.0

0.78
0.001
0.81
<0.001
<0.001
<0.001
<0.001
0.18
0.020
0.29
0,98
<0.001
0.48
0.002
<0.001

*QuickDASH = short version of the Disabilities of the Arm, Shoulder and Hand questionnaire
†PSEQ = Pain Self-Efficacy Questionnaire
°PSEQ-2 = 2-question version of PSEQ
^PHQ-2 = 2-question version of Patient Health Questionnaire
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PSEQ†
Sex
Differences by diagnosis
Diagnosis other non traumatic injuries compared to ⌂ NSAP
Diagnosis distal radius fractures compared to ⌂ NSAP
Diagnosis Hand or metacarpal fractures compared to ⌂ NSAP
Diagnosis Other trauma compared to ⌂ NSAP
Diagnosis Laceration or amputation compared to ⌂ NSAP

Factors included in model

P
<0.001

Shrunken R²‡
0.58

n=249

0.014
0.011
0.005
0.008
0.018
0
0.25
0.027

0.46
0.026

Partial R-squared•

0.46
<0.001
PSEQ-2 Score°
Sex
Differences by work status
Unemployed, unable to work compared to full-time
0.013
Differences by diagnosis
Diagnosis Other non traumatic injuries compared to ⌂ NSAP
0.016
Diagnosis distal radius fractures compared to ⌂ NSAP
0.018
Diagnosis Hand or metacarpal fractures compared to ⌂ NSAP
0.011
Diagnosis Other trauma compared to ⌂ NSAP
0.013
Diagnosis Laceration or amputation compared to ⌂ NSAP
0.014
QuickDASH = short version of Disabilities of the Arm, Shoulder and Hand questionnaire
†PSEQ= patient self efficacy questionnaire
°PSEQ-2= 2-question version questionnaire for patient self efficacy
⌂NSAP: Non specific arm pain
‡shrunken R-squared: percentage of the overall variability in the dependent variable explained or accounted for by the independent variables in the model
•Partial R-squared: the individual contribution of each variable to the adjusted R²

Including PSEQ-2°

Including PSEQ†

Multi variable analysis

Table 4 Multivariable analysis for QuickDASH
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Non completers n=141
Mean
SD
43
16
11
25
15
2.7
0.97
1.4
47
12
9.4
3.0
33
20
4.1
2.9
Range
19-77
0-190
10-24
0-6
9-60
0-12
0-93
0-10

T
-4.3
-1.2
-2.1
2.5
2.5
-2.0
1.8
3.3

P
<0.001
0.23
0.038
0.014
0.013
0.048
0.073
0.001

n=249

-0.61

-0.26

2.9

Mean difference
0.21

0.035

0.040

0.051

0.37

P

0.39

0.55

0.72

Pearson’s correlation
0.66

3.0

1.3

16

SD
2.5

2.1

0.90

11

SEM~
1.8

0.38 (0.20-0.53)

0.66 (0.50-0.77)

0.83 (0.75-0.88)

n=108
ICC¬ (95%CI)
0.79 (0.69-0.85)

°PSEQ-2= 2 question version questionnaire for patient self efficacy; *QuickDASH = short version of the Disabilities of the Arm, Shoulder and Hand; ^PHQ = Patient
Health Questionnaire; ~: SEM: standard error of measurement: Standard deviation of the mean difference divided by square root of 2; ¬: ICC: intraclass correlation
coefficient

Table 6 Differences in initial and follow-up questionnaires.
Questionnaire
Score
SD
Range
PSEQ-2 initial°
10
2.7
1-12
PSEQ-2 follow-up°
9.9
3.2
0-12
Initial QuickDASH*
29
19
0-77
Follow-up QuickDASH*
26
22
0-91
PHQ-2^
0.59
0.97
0-4
Follow-up PHQ-2^
0.85
1.5
0-6
Pain
3.0
2.4
0-10
Follow-up pain
3.6
2.9
0-10

^PHQ = Patient Health Questionnaire; †PSEQ= patient self efficacy questionnaire; °PSEQ-2= 2 question version questionnaire for patient self efficacy; *QuickDASH
= short version of Disabilities of the Arm, Shoulder and Hand questionnaire

Mean
52
17
16
0.59
50
10
29
3.0

Completers n=108
SD
Range
16
18-83
49
0.03-393
2.6
7-22
0.97
0-4
12
10-60
2.7
1-12
19
0-77
2.4
0-10

5

Parameter
Age (years)
Months since pain experience
Education (years)
PHQ-2^
PSEQ†
PSEQ-2°
QuickDASH*
Pain

Table 5 differences between groups
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Discussion
The PSEQ-2 showed a large correlation with the original PSEQ and the QuickDASH
in patients with upper extremity illness. Despite a statistically significant difference
in average scores between the PSEQ and the PSEQ-2, the PSEQ-2 explained a
comparable amount of the variation in the QuickDASH.
A limitation of this study is the low follow-up rate for the test-retest validation.
Only 43% of the enrolled patients completed the online questionnaires after three
email invitations. The response rate of web based questionnaires is known to be
lower than paper based follow-up questionnaires (27) although our rate for paper
questionnaires is typically this low. Previous studies found that an email invitation
to complete a web-based questionnaire had response rates between 32-62% (2729). This means that our follow-up rate is within the range of expected follow-up
after email invitation. In addition, some studies actively call the patients to increase
the numbers of responders, but we decided not to do this since it was not our
primary study objective (30). This study used a large number of tests on a large
study sample. Our sample was powered for our primary question and all secondary
analyses should be considered hypothesis generating at best.
The Cronbach alpha for the PSEQ-2 was 0.91, this remarkably high, since 42%
of the patients scored the ceiling, reducing variability. It could be argued that
evaluating alpha for this 2-item questionnaire is suboptimal. In addition the testretest reliability (r = 0.66) is below the recommended level of 0.7. This likely due to
the limited amount of items in the scale (31).
There were statistically significant differences in the outcomes of the questionnaires
at the initial time point between the completers and non-completers of the study.
This might have biased the results. Since the follow-up questionnaires were only
used as a measure for test-retest reliability this does not have a substantial effect
our primary objective of validating a shortened version of the PSEQ.
There were some missing answers in some of the questionnaires at enrollment.
These missing values were substituted using mean imputation. Given the large
number of study subjects, this mean imputation should have limited influence (3234). The self reported pain scale was missing in 13 follow-up patients, which is a
high percentage of the total respondents.
The floor effect of the PSEQ and the PSEQ-2 were comparable (0% and 1.6%
respectively) but the ceiling effect of the PSEQ-2 was 42%, which is higher than
the PSEQ (18%). This can be expected with a shortened questionnaire (18) and
means that the PSEQ-2 is less able to discriminate among patients with higher
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levels of self-efficacy. The PHQ-2 had a high floor effect (62%). This high floor effect
has been described in prior studies and implicates that the PHQ-2 is less suitable to
discriminate among lower levels of depression (12, 14). Abbreviated questionnaires
can result in information loss and restricted variability (18). The initial 10-question
questionnaire might not be a burden for a patient to complete, however when
combined with other questionnaires, such as the PHQ-2 and QuickDASH it might
take up to 10-20 minutes to complete the entire set of questionnaires. This
shortened questionnaire lessens the burden for patients and still provides a reliable
assessment of a patients’ self-efficacy (16, 18). Which in turn might decrease the
hesitation of physicians to use it in their practice as a screening tool. This study
found a large correlation between PSEQ and QuickDASH; this relationship is in
agreement with literature (6). For the shortened PSEQ a smaller--but still large-correlation was found with the QuickDASH. The variability in the QuickDASH
accounted for by variations in the PSEQ-2 was smaller than the amount explained
by the full 10-question PSEQ, which is expected with a shorter questionnaire (11,
35). We place greater importance on the fact that the factors were the same in
both models and PSEQ-2 was the most important predictor of QuickDASH, and we
consider the difference in R-squared is probably less clinically relevant (11).
This study showed that the PSEQ-2 is a valid questionnaire to assess patients’ selfefficacy in an orthopaedic practice and an important predictor of arm-specific
disability. Although the PSEQ-2 has lower internal consistency and correlation with
the QuickDASH than the original questionnaire, it still was the most important
predictor of the QuickDASH and has adequate reliability and validity. We conclude
that the PSEQ-2 is a useful and short tool to quickly assess the pain self-efficacy in
patients with upper extremity illness.
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Abstract
Background
A good classification system is important for clinical handoffs, research, and clinical
treatment guidelines. A reliable classification system shows good inter- and intraobserver agreement. This study analyzed the inter- and intra-observer agreement
of a descriptive system for ankle fractures and the Lauge Hansen classification.
Methods
Three groups of observers (experts, semi-experts, and novices) scored a total of
20 ankle radiographs. All ankle radiographs were classified according to the Lauge
Hansen and Danis-Weber Classification. The ankle fractures were subsequently
reviewed in a descriptive manner for the following features: number of affected
malleoli, type of fracture of the (1) lateral and (2) medial malleolus, and the
congruence of the ankle joint. After two weeks, the same set of radiographs were
reviewed. For inter- and intra-observer variability, the separate groups were used
for analysis and Fleiss’ (multirater) kappas were calculated.

6

Results
The inter-observer agreement for the Lauge Hansen classification was moderate
for the experts, fair for semi-experts, and slight for novices (K=0.45, K=0.37, and
K=0.16). All factors of the descriptive system had better inter-observer agreement
than the Lauge Hansen classification, except for the agreement on the type of
fracture of the lateral malleolus. The intra-observer agreement of the Lauge Hansen
classification was substantial for the experts, moderate for the semi-experts, and
fair for the novice observers (K=0.70, K=0.49, and K=0.26). The intra-observer
agreement was better for all factors of the descriptive system compared to the
Lauge Hansen classification.
Conclusion
The descriptive system presented in this study shows less variability between
observers than the Lauge Hansen classification. This system has clinical implications
and is easy to use for clinicians with mixed levels of experience. It has the potential
to improve clinical and research handoffs and overcome the limitations of current
classification systems.
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Introduction
An ankle fracture is a frequently encountered injury that can be treated by the
most junior doctors in the emergency department or by the most experienced
(orthopaedic) trauma surgeons. Fracture classification is an important tool for
clinical and research purposes. A classification system is of great importance for
clinical handoffs and should provide treatment and prognosis guidance for the
patient and surgeon (1).
Ideally, a system for describing an injury is simple and has good inter- and intraobserver agreement (2). A proper understanding of the mechanism and extent
of the injury, using a comprehensible classification, may help surgeons choose
the proper treatment. In addition to describing the injured structures, a useful
descriptive tool should predict future ankle function. Many classification systems
have been developed over the past years. The purely descriptive Danis-Weber was
developed in response to the more difficult pathologic-anatomic Lauge Hansen
classification (3, 4). The Danis-Weber classification is easy for daily and clinical use
but misses essential information such as the extent of ligament injury, which is
better described by the Lauge Hansen classification. The Lauge Hansen (LH)
classification emphasizes the different stages of ligamentous injury in addition to
the fracture pattern, and it provides options for fracture treatment (3). There are,
however, some shortcomings of this classification. The reproducibility is mediocre,
as several prior studies have demonstrated poor inter- and intra-observer reliability
of the Lauge Hansen classification, and not all fractures can be classified (1, 2, 5-13).
Experience with the Lauge Hansen classification is known to reduce individuals’
observed variation in reproducibility and reliability (7).
This study aimed to analyze the inter-observer variability and intra-observer
reproducibility of a descriptive system for ankle fractures. In addition, the authors
tested the variability and reproducibility in groups with different levels of experience
in the assessment of ankle radiographs.

Material and methods
This study was conducted in accordance with the Declaration of Helsinki. All
radiographs that were used for this study were anonymized. Informed consent was
not deemed necessary for this study, as only clinicians were included.
Three groups of observers were formed. The first group (experts) consisted of
five (orthopaedic) trauma surgeons. The second group (semi-experts) consisted
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of ten (orthopaedic) surgical residents with some experience in ankle fracture
classification. The third group (novices) consisted of sixteen medical students/
interns without practical experience in ankle fracture classification systems. The
last group attended a pre-study lecture on ankle classification systems by the first
author (JB). All observers were independently asked to classify and describe 20
anonymized radiographs of patients with an ankle fracture.
First, all ankle radiographs were classified and reviewed according to the Lauge
Hansen and Danis-Weber Classification. Second, all ankle fractures were reviewed
for the following features in a descriptive manner: number of affected malleoli,
type of fracture of the (1) lateral and (2) medial malleolus, and the congruence of
the ankle joint.
Two weeks later, all participants were asked to classify the same radiographs again.
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Lauge Hansen classification
The Lauge Hansen classification is based on the mechanism of injury, and more
than 95% of all ankle fractures fit the Lauge Hansen classification scheme (3, 12,
14). The Lauge Hansen classification consists of a 2 criteria descriptor: the position
of the foot (supination or pronation) at the time of the traumatic event and the
directional force of the ankle (abduction, adduction, or external rotation) (3, 14).
The four main categories of the Lauge Hansen classification are: 1) supination
adduction, 2) supination external rotation 3) pronation abduction and 4) pronation
external rotation, which can be further subdivided in 13 subgroups (15). (appendix)
Descriptive system
A simple, descriptive system was used that describes the location of the fracture of
the lateral malleolus according to the Weber classification (A, B, C or no fracture),
the number of involved malleoli (one, two or three), and the fracture pattern of
the lateral malleolus (comminuted, oblique or no fracture) and medial malleolus
(horizontal, oblique, vertical or no fracture). Ultimately, it describes the congruity of
the ankle joint (yes or no).
Statistical analysis
Univariate statistical methods, based on absolute and relative frequencies
and contingency tables, were applied in order to present the results from the
classifications on the radiographs. Single random imputation from a uniform
distribution of values in the theoretical range was used for each missing value
(observation 1 n= 40, observation 2 n=41)(16). Fleiss’ generalized kappa for nominal
data for any number of raters and categories was used to evaluate the inter-observer
agreement for the complete set of features with 95% confidence limits based on
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bias corrected and accelerated bootstrapping (17). The mean of the Fleiss’ kappas
for nominal data for individual observers within each group of observer was used to
evaluate the intra-observer agreements, with 95% confidence intervals calculated
following Fisher’s z-transformation and back-transformation. An alternative approach
with weighted instead of mean kappas for the intra-observer agreement seemingly
overestimated the results in these data sets due to the disproportionate impact of
the arbitrary capping of kappas with a value of 1 (18). Kappa values were interpreted
according the method of Landis and Koch (table 1(19)). For inter- and intra-observer
agreement, the separate groups (expert, semi-expert, and novice) were used for
analysis and the kappa per group was provided. Whether two kappa values differed
significantly was qualitatively (yes/no) assessed by observing whether the kappa
point estimate for a group fell outside the 95% confidence intervals of the kappa for
the comparator group and vice versa. Data analysis was performed with SPSS version
23 (IBM Corp., Armonk, NY) for Windows.

Table 1 explanation of kappa values
Kappa Value
0.81 - 1

6

Interpretation
Almost perfect agreement

0.61 - 0.80

Substantial agreement

0.41 - 0.60

Moderate agreement

0.21 - 0.40

Fair agreement

0.01 - 0.20

Slight agreement

<0

Poor agreement

Results
All observers (5 experts, 10 semi-experts, 16 novices; Table 2) scored a total of 20
ankle radiographs. The inter-observer agreement for Lauge Hansen was moderate
for the experts (0.45 [0.33-0.63]) and fair for the semi-experts (0.37 [0.27-0.51]),
which was significantly higher than slight agreement for the novices (0.16 [0.090.34]). Inter-observer agreement for the Weber classification was substantial for
the experts (0.71 [0.51-0.89]) and semi-experts (0.64 [0.44-0.84]), with the former
being significantly higher than the moderate agreement (0.46 [0.31-0.63]) for
novices. Inter-observer agreement for the type of fracture of the medial malleolus
was substantial for both the experts (0.79 [0.63-0.92]) and semi-experts (0.74 [0.63-
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Table 2 level of experience
Level
Expert 1

5

Expert 2

3

Expert 3

4

Expert 4

20

Expert 5

6

Years of experience

10

Semi-expert 1

1st year resident

Semi-expert 2

3rd year resident

Semi-expert 3

1st year resident

Semi-expert 4

5th year resident

Semi-expert 5

1st year resident

Semi-expert 6

3rd year resident

Semi-expert 7

4th year resident

Semi-expert 8

4rd year resident

Semi-expert 9

1st year resident

Semi-expert 10
All novices

2nd year resident
3rd year medical school

0.87]), but only moderate (0.44 [0.34-0.56]) for novices, which was significantly
lower (Figure 1). For the observations in all three groups, the descriptive system had
a higher inter-observer agreement than the Lauge Hansen classification except for
the type of fracture of the lateral malleolus in novice observers (0.12[0.01-0.33]).
Intra-observer agreement for Lauge Hansen was substantial for the experts (0.70
[0.57-0.79]), which was higher than the moderate agreement for semi-experts
(0.49 [0.36-0.59]), which in turn was higher than the fair agreement for the novices
(0.26 [0.14-0.36]). The intra-observer agreement for the Weber classification was
substantial for the experts (0.80 [0.72-0.87]) and semi-experts (0.74[0.66-0.80]),
which were both significantly higher than the moderate agreement for novice
observers (0.54[0.45-0.62]). The intra-observer agreement for the congruence of the
ankle joint was significantly higher for experts (0.81 [0.72-0.87]) and semi-experts
(0.76 [0.69-0.81]) than for the novices (0.42 [0.31-0.51]) (figure 2). The intra-observer
agreement of all the aspects of the descriptive system was higher than that of the
Lauge Hansen classification.
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Figure 1 Interobserver variation

Figure 2 Intra-observer variation
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Discussion

6

Classification of ankle fractures on plain radiographs is a challenge. A good
classification system should be simple, reliable, reproducible, and provide clinical
implications for treatment and prognosis. A comprehensive classification is not
useful if clinicians cannot reach agreement on classifying these fractures. This study
analyzed the inter- and intra-observer agreement of two separate classification
systems for ankle fractures: the Lauge Hansen classification and a simple descriptive
system that includes the Weber classification. This simple, descriptive system
has better reproducibility and reliability than the Lauge Hansen classification for
clinicians with mixed levels of experience.
Good inter- and intra-observer agreement is essential for a good classification
system. The paradoxical result of a higher intra-observer agreement compared
to a lower (slight to moderate) inter-observer agreement for the Lauge Hansen
classification in this study seemingly reflects a high level of experience-based
self-confidence among observers in the presence of morphologic complexities.
Morphologic complexities will make the diagnostic process more challenging, and
even consensus meetings with observers, with an exchange of insights to reduce
differences in interpretation, may not be sufficient to overcome such complexity
(20).
As shown in this study, some experience is required for proper staging of an ankle
fracture. Novice observers did not perform sufficiently on either the Lauge Hansen
or the descriptive system (even the medial malleolar fracture items). This may be
due to lack of experience in assessing ankle radiographs. The pre-study lecture that
was intended to provide novices with some idea of the different aspects of ankle
fractures did not overcome this problem. This suggests that experience is of great
importance for the classification of ankle fractures. For the descriptive classification,
both experts and semi-experts showed predominantly moderate to substantial
inter- and intra-observer agreement. This consensus is important for the transfer
of information between professionals and for patient counseling purposes. The
descriptive-based classification therefore provides a viable, systematic, and easy
comprehendible tool useful for clinical handoffs and research.
This descriptive system also aids in determining the optimal surgical approach. By
describing the type of fracture of the medial malleolus, the indication for either
zuggurtung osteosynthesis, compression screws, or (buttress) plate fixation
becomes clear. Furthermore, the combination of the congruence of the ankle
joint and the location of the fracture of the lateral malleolus assists in determining
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the need for syndesmotic fixation. Therefore, by describing the ankle fracture, the
(orthopaedic) trauma surgeon may be as equally well-informed about the fracture
as using the Lauge Hansen classification.
In recent years, multiple descriptive systems have been developed to classify
a broad range of fractures with improved ease-of-use and good observer
agreement. For example, the Luo classification for tibial plateau fractures is easier
to use than the Schatzker classification (21-23). The simplicity of the Luo “three
column” classification is its greatest strength. This also applies to the Neer or Hertel
classification of proximal humeral fractures, two descriptive systems that have been
shown to be more useful in clinical practice to guide treatment and prognosis than
the AO classification (24, 25).
This study should be considered in light of its shortcomings. In this study, radiographs
of only 20 patients were scored and no clinical information was provided to the
observers. The mechanism of injury could have helped the observers classify the
fracture.
Furthermore, experience with the Lauge Hansen classification ranged widely
in the semi-expert group, as the group was comprised of 1st through 5th year
(orthopaedic) surgical residents. However, this range in experience reflects realworld differences in healthcare providers with different training backgrounds, and
as such may not necessarily be considered a limitation.
There was a low inter- and intra-observer agreement for the type of fracture of
the lateral malleolus in the descriptive classification. Most fractures of the lateral
malleolus were oblique. Overall, approximately 75% of all fractures were classified
as an oblique fracture of the lateral malleolus in both time points. This lack of
observed variability in the type of fracture pattern limits the agreement above
chance, presumably causing the lower inter- and intra-observer values.
All classification systems have their own advantages, but low reproducibility
and high inter-observer variability limit the clinical effectiveness of the current
classification systems. The descriptive system presented in this study shows less
variability between observers, has clinical implications, and is easy to use. To
improve clinical and research handoffs and overcome the limitations of current
classification systems, the use of this descriptive system is advised.
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Supination adduction

Supination external rotation

Pronation external rotation

6

Pronation abduction

Appendix: Lauge Hansen Classification

Trauma mechanism of ankle fractures. Supination abduction: 1 talofibularligament
sprain or fibular avulsion, 2 vertical medial malleolus fracture. Supination external
rotation: 1 anterior tibiofibular ligament sprain, 2, lateral oblique fibular fracture, 3
avulsion of posterior malleolus or ligament rupture, 4 transverse medial malleolus
fracture or disruption of deltoid ligament. Pronation abduction: 1 transverse
medial malleolus fracture or deltoid ligament, 2 anterior tibiofibular ligament
sprain, 3 transverse comminuted fracture of the fibula. Pronation external rotation:
1. transverse medial malleolus fracture or deltoid ligament disruption, 2 anterior
tibiofibular ligament disruption, 3 oblique or spiral fracture of the fibula, 4 avulsion
of posterior malleolus of posterior tibiofibular ligament.
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Abstract
Background
Although fracture type and treatment options for ankle fractures are well defined,
the differences between mono- and polytrauma patients and low- and high energy
trauma have not been addressed. The aim of this study was to compare fracture
type and trauma mechanism between mono- and polytrauma and low- and high
energy trauma patients with an ankle fracture.
Methods
This was a single center retrospective cohort study. Fractures were classified
according to the Lauge Hansen classification and a descriptive classification.
High energy trauma (HET) was defined by triage criteria. All other patients were
classified as low energy trauma (LET). Patients were divided into two groups based
on the injury severity score (ISS). Monotrauma patients were defined as patients
with an ISS of 4-11 with an isolated ankle fracture or an ankle fracture with a minor
contusion or laceration. Polytrauma patients were defined as patients with an ISS
≥ 16 with at least 2 body regions involved. Patients with an ISS from 12-15 were
excluded.

7

Results
A total of 96 patients were eligible for analysis. Sixty-two patients were monotrauma
and thirty-four patients experienced polytrauma. There was a significant difference
between mono- and polytrauma patients in Lauge Hansen classification (p<0.001).
Monotrauma patients had a high incidence of an isolated supination external
rotation injury. Supination adduction and pronation abduction injuries were
more often observed in polytrauma patients. The same pattern was observed for
ankle fractures after HET compared to LET (p<0.001), as all pronation abduction
and supination adduction injuries were observed after a high energy trauma
mechanism.
Conclusion
This study indicates that polytrauma patients sustain different types of ankle
fractures compared to patients with an isolated ankle fracture. This difference is
likely due to the high energy transfer associated with polytrauma, as pronation
abduction and supination adduction injuries were only observed due to high
energy.
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Introduction
The incidence of ankle fractures in adults is approximately 100-180 fractures per
100,000 people each year (1-3). Most fractures are treated non-operatively with a
splint or a cast (4, 5). Indications for surgery are well defined: surgery is indicated
when the congruency of the ankle joint in Mortise view or the stability of the
ankle is compromised (6, 7). Since the ankle is prone to osteoarthritis caused by
posttraumatic malunion and cartilage damage, preservation of a congruent ankle
is of utmost importance (8, 9).
Ankle stability after a fracture is frequently described by the Lauge Hansen
classification, as it incorporates both trauma mechanism and the stability based
on bony and ligamentous injuries (10). The Lauge Hansen classification helps
determine whether and what kind of surgical intervention is necessary (10-12). In
the general trauma population, approximately 60% of ankle fractures are classified
as a Lauge Hansen supination external rotation (SE) injury. Pronation external
rotation (PE) injuries account for about a quarter of all ankle fractures. Supination
adduction (SA) and pronation abduction (PA) are relatively uncommon injuries
(1, 3). The target population of these observational studies most often consists of
patients with low energy trauma (LET) injuries, such as sports-related and twisting
injuries.
It is generally thought that high energy trauma results in different fracture
patterns, although robust data on this subject is lacking (6). Whereas polytrauma is
frequently (but not always) the result of high energy trauma (HET), which is usually
a more direct trauma, monotrauma is frequently the result of inversion, twisting,
and sport-related injuries from low impact trauma. The aim of this study was to
determine differences in classification and trauma mechanism between monoand polytrauma patients with an ankle fracture.

Materials and Methods
Our Institutional Review Board (IRB) approved this single center retrospective
cohort study. Data were retrieved from the Dutch National Trauma Registry (DNTR)
for central Netherlands and the hospital’s electronic patient database. The DNTR
contains prospectively collected documentation of sustained injuries in admitted
trauma patients from arrival in the emergency department until discharge. All
injuries recorded during the hospital visit at the University Medical Center Utrecht,
a level 1 trauma center, were collected and registered. Patients were identified
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using ICD-10 codes for ankle fracture from January 2007 until December 2012.
All patients 16 years and older with an ankle fracture were eligible for inclusion.
Adequate x-rays at admission consisting of mortise and lateral views were required.
Patients were excluded when initial treatment was done elsewhere or not available.
For all patients, general demographic information, trauma mechanism, open
fracture (yes/no), injury severity score (ISS) and trauma intensity (LET or HET) were
retrieved from the database. HET was defined according to the triage criteria
defined by the Dutch National Ambulance Protocol (version 7.2, table 1) (13, 14).
All other patients were classified as LET. All participating investigators (including
(orthopaedic) trauma surgeons) classified the fractures according to the Lauge
Hansen classification in a consensus meeting. In addition, the fractures were
classified in a descriptive manner. This included the Danis-Weber classification,
number of fractured malleoli, type of fracture of the lateral and medial malleolus,
and congruity of the ankle joint (15).

Table 1 Dutch National Triage Protocol
Fall from height ≥3m
Motor vehicle accident > 65 Km/h

7

Motor vehicle
Vehicle deformity > 50 cm
Passenger compartment intrusion > 30 cm
Vehicle rollover
Passenger ejection from vehicle
Fatality in same vehicle
Car–pedestrian or car–bicycle impact > 10 km/h

To differentiate between mono- and polytrauma patients, the injury severity
score was used. The ISS is a scoring system used to assess trauma severity and is a
predictor for morbidity and mortality (16). The ISS is based upon the Abbreviated
Injury Scale (AIS). To calculate an ISS for an injured person, the body is divided into
six body regions: head /neck, face, chest, abdomen/pelvis, extremities and external.
Patients were divided in two groups based on the ISS. Monotrauma patients were
defined as patients with an ISS of 4-11 with an isolated ankle fracture or an ankle
fracture with a minor contusion or laceration. Monotrauma patients with multiple
fractures in one extremity were excluded. Polytrauma patients were defined as
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patients with an ISS ≥ 16 with at least 2 involved body regions. Patients with an ISS
from 12-15 were excluded from analysis (Table 2).

Table 2 Injury Severity Score (ISS) example
Body region

Injury description

AIS

Square of AIS

Head/neck

subarachnoid bleeding

3

9

Face
Chest

0
pneumothorax

Abdomen

3

9

0

Extremity

Distal fibula fracture

2

Metatarsal fracture

2

External

excoritiation of forefoot

1

4
1
Sum of top 3

Total ISS

9+9+4= 22

Statistical analyses
Descriptive statistics (means with standard deviations (SD) or frequencies with
percentages) were applied to baseline characteristics. Differences between mono- and
polytrauma patients were assessed with the two-group Student’s t-test for continuous
variables and with the Pearson Chi-square test or, in case of zero cell counts, with Fisher’s
exact tests for categorical variables. P-values of < 0.05 were considered statistically
significant.

Results
Using the database, 346 admitted patients with an ankle fracture were identified using
ICD codes (Figure 1). A total of 250 patients were excluded due to other fractures or
multiple fractures of the lower leg (in the monotrauma group) or missing x rays prior
to treatment, leaving 96 patients for analysis. Sixty-two patients were defined as
monotrauma and 34 patients as polytrauma (Figure 1).
Baseline characteristics are described in table 3. The polytrauma group is male
dominated and younger compared to the monotrauma group. There was a significant
difference in trauma mechanism, trauma intensity, the number of open fractures and,
the number of surgically fixed fractures between mono- and polytrauma patients. Most
monotrauma patients experienced LET while all polytrauma patients experienced HET.
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DNTR
(n=6705)

Exclusion:
Age < 16 (n=1171)
ISS 12-15 (n=785)
No ankle fracture (n=4403)

346 patients

•

Tibia fracture (n=133)

•

Initial treatment/ data not
available (n=11)

•

Other fracture (n=13)

•

Multitrauma patient in mono
traumagroup (n=31)

•

7

Multiple fractures in mono
traumagroup (n=42)

•

No ankle fracture on X ray (n=8)

•

Fracture nonclassifiable on X ray
(n=12)

96 patients eligible
for inclusion

Monotrauma

Polytrauma

N = 62

N = 34

Figure 1 Inclusion Flowchart.
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Table 3 Basic demographic information

n=96

Monotrauma

Polytrauma

p-value

ISS, mean

6,7

SD: 2.5

27

SD: 8.4

Age (years), mean

51

SD: 21

44

SD:16

n

%

n

%

Male

31

53

24

71

Female

31

47

10

29

Left

26

42

18

53

Right

36

58

16

47

Traffic

17

27

27

79

Sports

12

19

0

0

Fall from height

6

10

4

12

Other

27

44

3

9

Yes

18

28

3

9

No

44

72

31

91

Low energy trauma

45

73

0

0

High energy trauma

17

27

34

100

Yes

52

84

19

56

No

3

5

15

44

Missing

7

11

0

0

Sex

0.086^

0.051*

Injured side
0.45*

Trauma mechanism

<0.001~

Open fracture
0.026*

Trauma intensity
<0.001~

Surgical fixation

7
<0.001~

ISS: Injury Serverity Score. * assessed with Pearson Chi-Square test. ^ Assessed with T-test. ~assessed with Fishers exact test.

There was a significant difference between mono- and polytrauma patients in
Lauge Hansen classification (p<0.001, Table 4). Monotrauma patients had a high
incidence of supination external rotation injuries as isolated injury. Supination
adduction and pronation abduction injuries were relatively more common in
polytrauma patients. Pronation external rotation injuries were equally divided
between mono- and polytrauma patients. An even more pronounced pattern was
observed for ankle fractures from HET compared to LET (p<0.001), as all pronation
abduction and supination adduction injuries were in patients who suffered a high
energy trauma mechanism.
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Polytrauma

0

2

0

Fall from height

High energy trauma

0
100

11

33

21

1

5

17

6

38

n

25

75

48

2

11

39

14

86

%

Supination exorotation

* assessed with Pearson Chi-Square test. ~assessed with Fishers exact test.

0

14

Low energy trauma

Trauma intensity

Other

1

Sports

7
14

11

79

79

21

%

Traffic

Trauma mechanism

3

11

Monotrauma

n

Supination adduction

7

Patient

Table 4 Bivariable analysis

6

0

2

1

0

3

4

2

n

100

0

33

17

0

50

67

33

%

Pronation abduction

20

12

7

6

6

13

13

19

n

63

37

22

19

19

41

41

59

%

Pronation eversion

<0.001~

0.004~

<0.001*

p-value

n=96
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5

3

34
11

2

3

20

Oblique

Comminuted

2

19
1

Oblique

46

No

74

26

~Assessed with Fisher’s Exact Test, * asessed with Chi-Square test

16

Yes

Congruent ankle mortise

Vertical

31

22

35

20

Horizontal

32

32

63

5

18

55

27

No fracture

Medial malleolus fracture

3
39

No fracture

Lateral malleolus fracture

17

1

Number of fractured malleoli

No lateral fracture

35

22

C

56

2
35

B

3

%

A

Weber classification

N

Monotrauma

Table 5 Descriptive classification of the fracture

8

26

4

14

6

10

7

14

13

0

13

21

13

12

33
<0.001~

76
24

0

12

11

21

18

0.059~

13

29
41

11

41
21

2
32

38
<0.001~

10

24

38
0

11

62
0.001~

2

38

13

12
<0.001~

0
30

18
32

N

p-value
%

Polytrauma

11

4

6

N

LET

27

73

0

24

47

29

24

71

4

22

53

25

4

29

67

0

%

30

21

5

22

7

17

16

21

14

1

23

27

14

20

9

8

N

HET

59

41

10

43

14

33

31

41

28

2

45

53

27

39

18

16

%

0.002*

0.001~

0.002*

0.001*

<0.001~

p-value

n=96
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There were significant differences between mono- and polytrauma patients when
the fractures were classified descriptively. Most monotrauma patients had a Weber
B fracture (56%), whereas relatively more polytrauma patients had no fracture
of the lateral malleolus (p<0.001). This also resulted in a significant difference
between mono- and polytrauma patients with respect to type of fracture of the
lateral malleolus and the number of fractured malleoli (p<0.001 and p=0.001, Table
5). Most low energy trauma patients had a Weber B fracture (69%) with a congruent
ankle joint (73%), whereas most high energy trauma patients had a Weber C fracture
(39%, p<0.001) and a incongruent ankle joint on Mortise view (59%, p=0.002, Table
5). Furthermore, there was a significant difference between the energy mechanism
(LET or HET) and location and type of fracture of the malleoli (Table 5).

Discussion

7

To our knowledge, this is the first study that relates the classification of ankle
fractures to trauma mechanism and energy transfer. Furthermore, classification
was related to polytrauma. Results of this study indicate that monotrauma patients
had a high incidence of external rotation injuries. In contrast, polytrauma patients
sustained more supination adduction and pronation abduction injuries, most likely
due to high energy trauma mechanism, as all SA and PA injuries were caused by
high energy impact.
Distribution of ankle fractures in monotrauma patients in this study is comparable to
the common distribution pattern described in literature (1, 3). However, polytrauma
patients are a different entity, probably due to the differences in trauma mechanism
and energy transfer from trauma intensity. Low energy trauma and sports-related
injuries might result in rotational forces causing external rotation injuries, which
were more frequently observed in the monotrauma group. In contrast, supination
adduction and pronation abduction injuries are the result of high energy impact
and direct forces, which were more frequently observed in the polytrauma group.
With respect to the differences in trauma intensity, a recent study in triage
demonstrated that only a limited number of patients who suffered an HET resulted
in polytrauma. On the other hand, the majority of polytrauma patients suffered
their injuries from high energy impact (13). Thus, polytrauma is most frequently
the result of high energy transfer, and this is reflected in table 4 as the type of
ankle fracture according to Lauge Hansen. Supination adduction and pronation
abduction injuries were solely seen after HET. This hypothesis is further supported
by the differences in descriptive classification in this study.

108

Factors associated with met expectations in patients with hand and upper extremity disorders

Functional outcome was not reported in this study. Prior studies showed that
polytrauma patients suffered moderate functional disability both short and longterm, especially when lower extremity injuries were present (7, 17-21). Ankle
fractures were not a separate entity in these studies. Evidence on outcomes after
ankle fractures is primarily based on results of monotrauma ankle fractures (2224). Our study showed a clear difference in fracture type and trauma mechanism
between mono- and polytrauma patients, emphasizing the need to distinguish
between these groups in future studies.
Lauge Hansen is an ankle fracture classification that is based on the extent of injury
to various ligamentous and osseous structures and also describes the fracture
mechanism (10-12, 25). One of the limitations of this classification is its large
inter- and intra-observer variability (26, 27). The ideal method to recognize these
ligamentous injuries in order to appropriately classify the fracture is a preoperative
Magnetic Resonance Imaging (MRI)(28). MRI is not standard preoperative protocol
in our hospital, therefore, results of MRI were not available for this study. To minimize
the inter-observer variability, two orthopaedic trauma surgeons experienced with
the Lauge Hansen classification participated in a consensus meeting to classify the
fractures. When the Lauge Hansen classification was not sufficient to classify the
fracture the most appropriate Lauge Hansen classification was used. However, it is
known that more complex injury patterns are not captured in the Lauge Hansen
classification (29-31). Observers were blinded to patient and trauma characteristics.
This study is limited by its retrospective nature and lack of outcome data in
both groups. The DNTR only registers admitted patients, which may result in an
underrepresentation of monotrauma patients. However, data from the DNTR
were prospectively collected, and two database managers and a trauma surgeon
constantly evaluated the data’s accuracy. All of the data were collected in one level
1 trauma center, thereby excluding institution preference influence.

Conclusion
This study indicates that polytrauma patients sustain different types of ankle
fractures compared to patients with an isolated ankle fracture. This difference is
likely due to the high energy transfer associated with polytrauma, as pronation
abduction and supination adduction injuries were only observed in patients who
suffered a HET. As current follow-up studies of ankle fractures are largely based on
isolated injuries, follow-up studies of polytrauma patients with ankle fractures are
needed.
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Abstract
Background
The aim of this study was 1) to describe epidemiology of complications following
surgical treatment of ankle fractures, and 2) to assess which factors are associated
with the most frequent complications.
Methods
A retrospective cohort study was conducted in two level 2 and one level 1 trauma
center in a single trauma region in the Netherlands. Study variables were collected
from electronic patient records, all ankle fractures were classified according to the
Lauge Hansen classification and complications were recorded.

8

Results
A total of 989 patients were included from 3 hospitals. 173 complications were
observed in 156 patients (15.8%). The most frequent complication was a wound
related complication, which occurred in 101 (10.2%) patients. Implant related
complications occurred in 44 (4.4%) patients. Other complications such as cast
pressure spots, post-traumatic dystrophy, nonunion, impingement and pneumonia
occurred in 28 patients (2.8%).
The 2 most important complications were further analyzed for risk factors.
Multivariate analysis showed that risk factors for wound related complications
were advanced age, increased ASA classification, smoking, right as symptomatic
side, open fracture and initial external fixation. Most implant related complications
were caused by malreduction (n=22) or untreated syndesmotic injury (n=19).
Malreduction was associated with supination eversion fractures (p=0.059) whereas
untreated syndesmotic injury occurred more often after pronation external rotation
fractures (p<0.001).
Conclusion
The most frequent complications after ankle fracture surgery were wound- and
implant related complications. Postoperative wound related complications were
multifactorial and depended on a combination of trauma-, patient- and treatment
related factors. Contrary, implant related complications occurred due to the
interaction between the type of fracture and subsequent surgical treatment.
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Background
Ankle fractures are among the most common type of fractures worldwide (1).
More than half of the ankle fractures occur in young men during sports activities
and in older women (2;3). The diverse trauma mechanisms cause different types
of ankle fractures, which can be classified using several classification systems (4;5).
Although there is discussion about the variability in interpretation of the Lauge
Hansen classification, this classification encompasses both the trauma mechanism
and describes the intrinsic stability of the ankle, resulting in a valuable classification
system (5). This classification does not only provide information about the fracture
location (as with the Weber classification), but it also describes ligamentous injuries
(4;5). In general, stable ankle fractures are treated nonoperatively. When incongruity
of the ankle mortise is present or the stability of the ankle joint is compromised,
surgical treatment is indicated (6). After surgery, an accelerated functional recovery
is crucial for early return to daily activities, work and sports. However, certain
complications may occur following surgical treatment, resulting in delayed
functional recovery or long-term disability and considerable associated costs (710). Several studies assessed complication rates following surgical treatment of
ankle fractures, showing that wound related complications are the most frequently
occurring complications (11-16). Wound related complications have been related
to patient factors (i.e. age, diabetes). However, the generalizability of these studies is
limited as only selected groups of patients were included in small numbers, or only
few variables were assessed. The epidemiology of complications after ankle surgery
is still unclear and could be influenced by trauma-, patient- and treatment related
factors. If these factors and their interactions are known, selection of patients for
surgical treatment might be more accurate. The aim of this study was 1) to describe
epidemiology of complications following surgical treatment of ankle fractures, and
2) to assess which factors are associated with the most frequent complications.
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Materials and methods
A retrospective cohort study was conducted in two level 2 trauma centers (St
Antonius Hospital Nieuwegein and Diakonessenhuis Utrecht) and one level 1
trauma center (University Medical Center Utrecht) in the Netherlands. Through the
hospitals surgical registration database all patients with a surgically treated ankle
fracture between January 2008 and January 2013 were identified. Patients who
had reached the age of 18 years or older with adequate pre- and postoperative
radiographs of the injured ankle were included. No other cases were excluded. All
data were registered in the database by searching the electronic patient records. To
assess fracture classification, mortise and lateral view radiographs from admission
at the Emergency Room were used. Two investigators (DS and JB) classified all
fractures. In case of a dispute, consensus was reached with two senior investigators
(RH and FH). In addition all fractures with implant failure were classified in a
consensus meeting. Ankle fractures were assessed on being uni-, bi- or trimalleolar,
displaced and complex. Ankle fractures were classified according to the Lauge
Hansen, AO and the Weber classification (4;5;17).

8

Study variables
Data regarding patient demographics (sex, age, body mass index, the American
Association of Anesthesiologists (ASA) classification, preoperative mobility,
diabetes, immunological compromised by medication or infection, peripheral
arterial disease, smoking, psychiatric diseases), trauma and fracture variables
(trauma mechanism, symptomatic side, open fracture, ankle luxation fracture,
fracture classification as measured by Lauge Hansen classification, Weber and
AO, uni/bi/trimalleolar fracture, complex fracture), surgical variables (interval
between trauma and surgery in days, time of surgery concerning day or overnight
surgery, surgical treatment with open reduction and internal fixation or initial
external fixation), postoperative variables (postoperative treatment protocol: cast
immobilization and weight-bearing regime) and complications were collected.
The postoperative treatment protocol was classified as weight-bearing if weightbearing started within three weeks after surgery. If variables were not mentioned in
the electronic patient file it was assumed as being absent in the patient. This means
that e.g. for peripheral arterial disease, it was assumed absent if not mentioned in
the file and the patient was not under supervision of a vascular surgeon nor used
any medication for peripheral arterial disease.
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Outcome variables
All complications were noted. Wound related complications included all wound
healing disorders, superficial and deep wound infections. “Wound healing disorders”
were defined as any deviation in the postoperative course, but without the need
for additional pharmacological or surgical intervention. A “superficial wound
infection” was defined as a clinical suspicion of a wound infection based on redness
and pus and/or fever in combination with the necessity of antibiotic treatment.
A “deep wound infection” included the characteristics of a superficial wound
infection with additional surgical debridement. Deep venous thrombosis was a
deep vein thrombosis proven by ultrasound (which was only performed in case
of clinical signs of a deep venous thrombosis) and treated with an anticoagulant.
Pulmonary embolisms were emboli in the lungs proven by radiological imaging
and treated with an anticoagulant. Implant related complications were defined as
revision surgery after the primary surgical intervention due to an unsatisfactory
result, loss of reduction or a broken implant (implant failure). Broken cortical screws
were considered implant failures if the fracture was not healed and/or the ankle
mortise was incongruent. Implant related complications which required revision
surgery were categorized as: 1) malreduction (misalignment of medial or lateral
malleolus, regardless of accompanying syndesmotic injuries), 2) inadequate fixation
(malpositioned implant), 3) implant breakage (broken implant material or bent
to the extent that it affected the congruence of the ankle mortise), 4) untreated
syndesmotic injury (the lack of placement of syndesmotic screw resulting in an
incongruent ankle mortise) or 5) primary failure of external fixation. All the abovementioned outcomes were defined before data extraction was performed.
Data and statistical analysis
All statistical analysis were performed using Statistical Package for the Social
Sciences (IBM Corp. Released 2011. IBM SPSS Statistics for Windows, Version
20.0. Armonk, NY: IBM Corp.). All data were analyzed anonymously. Continuous
parametric data were presented as means with standard deviations; dichotomous
data as frequencies with percentages. Uni- and multivariate analyses were
performed using univariate and multivariate logistic regression analysis in order
to identify independent predictors for occurrence of postoperative wound related
complications. Baseline characteristics were entered as covariates in the univariate
analysis using any wound related complication as dependent variable. Variables
showing a p-value <0.15 in the univariate analysis were included in the multivariate
analysis. To compare baseline characteristics of the patients with and without
implant failure, the Independent-Samples T Test was used for continuous data, the
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Pearson’s Chi-square was used for dichotomous and categorical data. A p-value
<0.05 was considered statistically significant.
Approval
In accordance with the legal departments of the participating hospitals and their
local Ethics Commission, individual patient approval was not required due to full
anonymity of the included patients and the retrospective study design.

Results

8

Baseline demographics
A total of 989 patients treated between January 2008 and January 2013 were
included, ranging from 18 to 96 years old. Patient, trauma and fracture characteristics
are summarized in Table 1. The majority of patients were considered healthy (ASA 1
or ASA 2 in 89%) and history of smoking was present in 27% of patients. The major
causes were traffic, falls and sports (55% of population). Almost half (46%) were
unimalleolar fractures in which Weber B fractures (68%) were the most common.
Only 1% of all surgically treated ankle fractures occurred as part of multiple injuries
in polytrauma patients. The BMI and ASA classification was missing in 193 and 66
patients respectively. For all other (surgical) variables 10 cases in total had missing
data.
Characteristics of surgery and postoperative care are summarized in Table 2. Patients
had surgical treatment on average 5 days after trauma. The majority was surgically
treated during day hours (87%). Early weight-bearing (within 3 weeks, with or
without cast) was applied in 20% of the cases with a mean start at 2.0±1.0 weeks.
Late weight-bearing (after 3 weeks) was applied in 79% of the cases with a mean
start at 5.7±1.3 weeks.
Complications
Complications occurred in 156 (16%) patients of which 13 patients had multiple
complications resulting in 173 complications (Table 3). Of all complications 58%
were wound related. A total of 101 (10% of the study population) patients had
a postoperative wound related complication of which 28 (3%) were wound
healing disorders, 46 (5%) superficial wound infections and 27 (3%) deep wound
infections. Implant related complications accounted for 25% (n=44; 4% of the
study population) of all complications. Other complications such as deep venous
thrombosis, pulmonary embolisms, cast pressure spots, post-traumatic dystrophy,
malunion, nonunion, impingement, pneumonia and urinary tract infection
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Table 1 Patient demographics of all included patients with an ankle fracture
Characteristics

Study population
(n = 989)

percentage

Patient demographics and medical history
Age (mean±SD)

48.1±17.9

n/a

423

42.8%

27.1±4.9

n/a

I

553

55.9%

II

322

32.6%

III

47

4.8%

IV

1

0.1%

Pre-operative immobility

34

3.4%

Diabetes

67

6.8%

Immunologically compromised

24

2.4%

Peripheral arterial disease

9

0.9%

Smoking

270

27.3%

Psychiatric disease (in the past)

109

11.0%

Simple inversion trauma

359

36.3%

Fall < 3 meters

165

16.7%

Fall > 3 meters

9

0.9%

199

20.1%

Car accident

16

1.6%

Motor accident

13

1.3%

Scooter accident

23

2.3%

Bicycle accident

135

13.7%

Pedestrian accident

12

1.2%

Gender male
BMI (mean±SD)
ASA classification

Trauma and fracture demographics
Trauma mechanism

Traffic

Sport

168

17.0%

Suicide attempt

2

0.2%

Other

39

3.9%

Unknown

48

4.9%

Symptomatic side left

457

46.2%

Open fracture

44

4.4%

Ankle luxation fracture

150

15.2%

Complex fracture

210

21.2%

Polytrauma

12

1.2%

Unimalleolar

458

46.3%

Bimalleolar

296

29.9%

Trimalleolar

235

23.8%

8

Fracture classification
Uni/bi/trimalleolar
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Table 1 Continued
Characteristics

Study population
(n = 989)

Percentage

Weber classification
Weber A

4

0.4%

Weber B

675

68.3%

Weber C

251

25.4%

No fibular fracture

59

6.0%

Lauge Hansen
Supination Adduction

24

2.4%

Supination External Rotation

652

65.9%

Pronation Abduction

24

2.4%

Pronation External Rotation

280

28.3%

Pronation Dorsiflexion

2

0.2%

Not classifiable

7

0.7%

44-A1

1

0.1%

44-A2

2

0.2%

44-A3

1

0.1%

44-B1

268

27.1%

44-B2

186

18.8%

44-B3

173

17.5%

44-C1

99

10.0%

44-C2

111

11.2%

44-C3

38

3.8%

Only medial fracture

47

4.8%

Medial and posterior fracture

6

0.6%

Fibular and posterior fracture

55

5.6%

Only posterior fracture

2

0.2%

AO-classification

8

SD = Standard Deviation; BMI = Body Mass Index (weight / (weight in kilograms)2 ); n/a = not
applicable; BMI had a total of 193 missings, ASA classification 66 and the other variables had none
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Table 2 Surgery demographics of all included patients with an ankle fracture
Characteristics

Study population
( n = 989)

Percentage

Surgery and postoperative care
Interval between trauma and surgery in days (mean±SD)

5.36±8.4

n/a

862

87.2%

126

12.8%

20

2.0%

Weight-bearing starting before 3 weeks post-surgery

205

20.8%

Cast immobilization

469

47.6%

2x screw fixation

111

11.2%

Screw fixation and neutralization plate

314

31.7%

Compression plate or bridging plate

364

36.8%

No fixation

61

6.2%

Other

74

7.5%

Not applicable

65

6.6%

1x screw fixation

35

3.5%

1x screw fixation and Kirschner-wire

85

8.6%

2x screw fixation

138

14.0%

Zuggertung fixation

122

12.3%

No fixation

72

7.3%

Other

46

4.7%

Not applicable

491

49.6%

1x screw fixation

41

4.1%

2x screw fixation

25

2.5%

No fixation

227

23.0%

Other

14

1.4%

Not applicable

682

69.0%

Syndesmosis screw

184

18.6%

Time of surgery
Day (8:00 – 18:00 hours)
Overnight (18:00 – 8:00 hours)
External fixation
Postoperative care

Type of internal fixation
Lateral fracture

Medial fracture

8

Posterior fracture

SD = Standard Deviation; n/a = not applicable; in the surgery and postoperative care section there
were a total of 10 missings and the other variables had none

121

CHAPTER 8

Table 3 Complications after ankle fracture surgery
Complication

Frequency

Percentage

101

10.2%

Wound healing disorders

28

2.8%

Superficial wound infection

46

4.7%

Deep wound infection

27

2.7%

Implant related complications

44

4.4%

Deep venous thrombosis

5

0.5%

Pulmonary embolism

2

0.2%

Other

21

2.1%

Wound related complications

8

occurred in 28 patients (3%). The number of complications did not differ between
the level 1 and level 2 trauma centers (p=0.739).
The two most frequent complications (wound related complications and implant
related complications) were further analyzed as the combination of these
encompassed 84% of all postoperative complications.
biivariate analysis on wound related complications demonstrated that an older age,
an ASA 3/4 classification, preoperative immobility, smoking, (history of ) psychiatric
disease, right as symptomatic side, open fracture, bimalleolar or trimalleolar
fractures and initial external fixation all have a significant higher risk (Table 4).
Multivariate analysis showed that age, ASA 3/4, smoking, right as symptomatic
side, open fracture and initial external fixation have a significant higher risk on
wound related complications (Table 4).
A total of 44 patients (4%) had implant related complications of which some with
multiple reasons (Table 5). Most implant related complications were caused by
malreduction (n=22) or had an untreated syndesmotic injury (n=19) (Table 5). Only
5 patients (1%) had implant breakage after surgery. Patients with implant related
complications had a shorter interval between time of injury and subsequent
surgery (3.3±3.9 days) compared to patients without implant failure (5.5±8.5 days)
(p=0.031). All other baseline characteristics were not statistically different between
patients with implant failure and patients without implant failure in multivariate
analysis. Bivariable analysis of fracture classification and type of implant related
complication showed a significant correlation between pronation exorotation
injuries and untreated syndesmotic injuries (p<0.001). Malreduction was associated
with supination eversion fractures (p=0.059).
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33 (4.0%)

III

467 (52.6%)
30 (3.4%)
129 (14.5%)
184 (20.7%)
12 (1.4%)

Symptomatic side right

Open fracture

Ankle luxation fracture

Comminuted fracture

Polytrauma

Fracture demo-graphics

89 (10.0%)

8 (0.9%)

Peripheral arterial disease

Psychiatric disease (in the past)

21 (2.4%)

Immunologically compromised
234 (26.4%)

56 (6.3%)

Diabetes

Smoking

27 (3.0%)

Pre-operative immobility

1 (0.1%)

285 (34.4%)

IV

509 (61.5%)

II

27.1±5.0

I

ASA classification

BMI (mean±SD)

47.2±17.7
379 (42.7%)

Gender male

No wound
complications
(n=888)

Age (mean±SD)

Patient demographics and medical history

Characteristics

0.001*

14 (14.7%)

0.026*
<0.001*
0.098
0.243
NC

65 (64.4%)
14 (13.9%)
21 (20.8%)
26 (25.7%)
0 (0%)

0.004*

20 (19.8%)

1.100 (0.136-8.886)

0.929
0.048*

1 (1.0%)

0.709

3 (3.0%)
36 (35.6%)

1.264 (0.370-4.314)

0.086

NC

1.326 (0.825-2.132)

1.544 (0.922-2.586)

4.602 (2.351-9.009)

1.628 (1.061-2.497)

2.217 (1.297-3.789)

1.548 (1.003-2.388)

1.816 (0.918-3.591)

0.048*

7 (6.9)

2.375 (1.007-5.601)

3.172 (1.559-6.454)‡

0.666 (0.420-1.055)

RC

0.990 (0.945-1.038)

11 (10.9%)

0 (0%)

RC
0.084

0.686

26.9±4.6

37 (38.9%)

0.865

44 (46.3%)

1.025 (1.013-1.037)

<0.001*

55.3±18.2
44 (43.6%)

1.037 (0.684-1.570)

Odds Ratio (95%CI)

univariate analysis
p-value

Wound
complications
(n=101)

Table 4 Factors associated with wound related complications, univariate and multivariate analyses

0.777

0.012*

0.003*

0.065

0.004*

0.972

0.796

0.024*

0.617

RC

0.001*

p-value

0.914 (0.490-1.704)

3.064 (1.274-7.368)

2.066 (1.279-3.338)

1.829 (0.963-3.475)

2.041 (1.255-3.320)

0.986 (0.439-2.212)

0.868 (0.296-2.545)

2.621 (1.139-6.033)

1.157 (0.653-2.048)

RC

1.028 (1.012-1.044)

Odds Ratio (95%CI)

Multivariate analysis

Factors associated with wound- and implant related complications following surgical treatment of ankle fractures

8

123

124
413 (46.7%)

Immobilization

56 (55.4%)

22 (22.0%)

9 (8.9%)

85 (84.2%)

16 (15.8%)

0.097

0.758

<0.001*

0.327

0.510

0.002*

0.002*

RC

p-value

1.419 (0.938-2.147)

1.082 (0.656-1.784)

7.799 (3.150-19.313)

1.330 (0.752-2.352)

1.007 (0.987-1.027)

2.249 (1.330-3.803)

2.165 (1.313-3.571)

RC

Odds Ratio (95%CI)

univariate analysis

0.609

0.010*

0.053

0.090

RC

p-value

0.882 (0.545-1.427)

4.387 (1.426-13.494)

1.835 (0.993-3.390)

1.640 (0.926-2.904)

RC

Odds Ratio (95%CI)

Multivariate analysis

CI = Confidence Interval; RC = Reference Category; NC = Not Calculable; ‡ = because ASA 4 was classified to one patient, this patient was included in the group
with ASA 3 patients for analysis; * = A p-value less than 0.05 was considered statistically significant

183 (20.7%)

Start weight-bearing within first
three weeks post-operatively

Postoperative care

11 (1.2%)

777 (87.6%)

Day (8:00 – 18:00 hours)

Initial external fixation

110 (12.4%)

Overnight surgery (18:00 – 8:00 hours)

Time of surgery

Interval between trauma and
surgery in days (mean±SD)

5.9±6.7

203 (22.9%)

Surgery and postoperative care
5.3±8.5

32 (31.7%)

257 (28.9%)

Trimalleolar

39 (38.6%)

428 (48.2%)

Bimalleolar

30 (29.7%)

Wound
complications
(n=101)

Unimalleolar

Uni/bi/tri-malleolar

Fracture demo-graphics

No wound
complications
(n=888)

8

Characteristics
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0
0
0
0
1

Untreated syndesmotic injury (n=19)

Implant breakage (n=3)

Primary failure of external fixation (n=2)

Total (n=55)

0
0

0
0
1
1
2

5
5
2
1
28

24

14

4

6

0

15

Pronation external
rotation (280)

Pronation abduction
(24)

Supination external
rotation (652)

* = A p-value less than 0.05 was considered statistically significant; ^A Fisher-Freeman-Halton exact test was performed because for every type
of implant failure the expected count was less than 5 in more than 20%.

1

Inadequate fixation (n=9)

Supination adduction
(24)

Malreduction (n=22)

Type of implant related complication

Table 5 Type of implant related complication and ankle fracture classification using Lauge Hansen

0.130

0.130

<0.001*

1.000

0.059

p-value^
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Discussion

8

The most frequent complications after ankle fracture surgery were wound- and
implant related complications. Wound related complications were multifactorial
and depended on a combination of trauma related, patient related and treatment
related factors but not on postoperative treatment protocols. Contrary, implant
related complications occurred due to the interaction between the type of fracture
and subsequent surgical treatment.
Apart from fracture related factors, patient related factors are important in the
selection of patients for surgical treatment of ankle fractures. We demonstrated
that age was one of the significant risk factors for wound related complications,
which was earlier demonstrated by Miller et al (7). Geriatric patients (70 years or
older) had an odds ratio of 2.395 (95%CI 1.450 to 3.955; results not shown) for
wound related complications compared to patients younger than 70 years. As the
incidence of geriatric ankle fractures is rising, this will be an increasing problem
and efforts should be made to face the challenges in these mostly osteoporotic
fractures (18;19). More minimal invasive surgical techniques are currently under
investigation, however, these techniques are to be positioned in their adequate
indication area (20;21).
An older age is frequently accompanied by diabetes, but also in the younger
population the incidence of diabetes is increased. Diabetes influences the
microcirculation and therefore might influence wound healing. Surprisingly,
diabetes was only suggestive for an increased complication risk in the present study
(p=0.086). Earlier studies demonstrated that an elevated HbA1c level increased the
risk of complications (22;23). Although it is beyond the scope of this study, in the
Netherlands most patients with diabetes are closely monitored and it is tempting
to speculate that adequately controlled diabetes should not be considered a risk
factor.
Another factor that is usually associated with wound complications due to vascular
compromise is smoking. In the present study smoking was confirmed to be a risk
factor for the development of wound complication (24). However, this study was
not designed to determine the impact of continued smoking after surgery versus
quitting smoking prior to surgery. There is compelling literature that quitting
preoperatively has a positive impact on the complication rate and therefore the
operating surgeon should stimulate the cessation of smoking (25).
Patient related factors are frequently entangled with fracture characteristics.
An open fracture is more prone for wound related complications. In elderly
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patients, this will most likely be caused by soft tissue damage resulting in a worse
environment for wound healing. In younger patients, an open fracture is most likely
due to high energy impact resulting in more soft-tissue injury (26). However, high
quality evidence concerning the treatment of open ankle fractures is lacking (27). In
open fractures, external fixation might be a suitable treatment option. Furthermore
external fixation is used in polytrauma patients as damage control orthopedics or
in patients with severe co-morbidity (28). The present study showed an increased
risk on wound related complication after initial external fixation. Therefore, if not
part of a polytrauma patient, immediate internal fixation for ankle fractures might
be preferable.
Furthermore, postoperative treatment protocols might influence outcome.
Previous studies showed that early mobilization did not increase wound related
complications and might even shorten hospital stay (29;30). In the present study,
early weight-bearing did not show a higher complication rate compared to late
weight-bearing. It should be noted that most “weight-bearing” patients in the
present study used a walking cast. Other studies suggest that patients with normal
protective sensation can safely bear weight sooner than most protocols permit,
even in the elderly patients (30;31).
In contrast to the earlier mentioned combination of factors leading to wound
related complications, implant related complications were almost solely based
on the interaction between the type of fracture and the subsequent surgical
treatment. This interaction has scarcely been studied and without the use of the
Lauge Hansen classification (32). Ovaska et al. showed that patients were more
often reoperated due to implant related complications if the posterior or medial
malleolus was involved in the fracture. Implant related complications were most
common (59%) at the syndesmosis (32). This was confirmed in our study in which
malreduction and untreated syndesmotic injury were the most common reasons
for implant related complications. Both were associated with specific types of
fractures according to the Lauge Hansen classification. Anatomical reduction
and fixation in “simple” supination eversion fractures should be achieved whereas
syndesmotic injury must be suspected in pronation external rotation fractures. A
malreduced syndesmotic injury results in significantly worse functional outcomes
and even increases the risk on wound complications (16;33). Therefore, knowledge
of fracture patterns is essential to prevent complications. The subsequent treatment
enquires a well thought-out plan. This might give a reason for the significant shorter
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interval between time of injury and subsequent surgery in patients with implant
failure compared to patients without implant failure.
This study might be limited by using the Lauge Hansen classification, which is
known for its large intra- and inter-observer variability (34;35). By using a consensus
meeting to classify fractures, this effect might be restricted. In addition, the
retrospective nature of this study leads to a possible higher number of missing
data. Missing data might result in underestimation of the prevalence of a variable.
However, this study is based on data from 3 hospitals including 14 surgeons, which
increases generalizability in contrast to other studies (7).
To our knowledge this is one of the largest studies on risk factors for complications
after surgical treatment of ankle fractures including a large number of variables
covering patient related, fracture related and treatment related factors. By analysis
of this large cohort, it can be demonstrated that patient-, fracture- and treatment
related factors are independently associated with development of postoperative
wound related complications in ankle fractures, making it a multifactorial problem
which should be addressed accordingly. Contrary, implant related complications
occurred solely due to the interaction between the type of fracture and subsequent
surgical treatment, making it an easier target for quality improvement.
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Abstract
Purpose
To determine the effectiveness and safety of interventions used for rehabilitation
after open reduction and internal fixation of ankle fractures.
Methods
A systematic review and meta-analysis was performed using both randomized trials
and cohort studies. The effect of mobilization, weight-bearing, and unprotected
weight-bearing as tolerated on postoperative recovery was compared using the
Olerud Molander score, return to work/daily activities, and the rate of complications.
Results
A total of 25 articles were included. Ankle exercises resulted in earlier return to
work and/or daily activities compared to immobilization (mean difference (MD)
-20.76 days; 95% confidence interval (CI) -40.02 to -1.50). There was no difference
in the rate of complications between exercises and immobilization (risk ratio (RR)
1.22; 95% CI 0.60 to 2.45) or between early and late weight-bearing (RR 1.26; 95%CI
0.56 to 2.85).
Interpretation
Results of this meta-analysis show that following ankle surgery, 1) active exercises
accelerate return to work and daily activities compared to immobilization, 2) early
weight-bearing tends to accelerate return to work and daily activities compared
to late weight-bearing. Active exercises in combination with immediate weightbearing may be a safe option.
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Introduction
Ankle fractures are the most common type of lower extremity fracture and among
the most common types of fractures worldwide (1). The incidence of ankle fractures
is between 100 and 150 per 100,000 person-years and rising (2,3). More than half
of ankle fractures occur during sports activities, which is indicative of a healthy
patient population (4).
Ankle fractures are associated with high costs for both the affected individual
and society. These costs are related not only to the operation and subsequent
hospitalization, but also to the duration of occupational disability (5–8). To reduce
these latter costs, early functional return is crucial (9).
While various classification systems exist to describe ankle fractures, the indication
for surgery depends on the congruency of the ankle joint (10–12). When an
incongruent joint is present, fractures are often treated by open reduction and
internal fixation to stabilize the ankle joint. The postoperative care regimens
vary widely, e.g. from immobilization in a plaster cast without weight-bearing for
multiple weeks to immediate post-operative protected mobilization. Even direct
post-operative unprotected weight-bearing as tolerated has been suggested (13).
Several systematic reviews have been published on various aspects of postoperative
care regimens (14–17). However, none of these reviews could provide clear advice
for the postoperative care of ankle fractures since the regimens differ in terms
of protection, ankle movements, and weight-bearing. In this systematic review
and meta-analysis, non-randomized studies were included to potentially assist in
showing effectiveness. Furthermore, specific aspects of the post-operative care
regimen were compared.
The aim of this study was to determine the effectiveness and safety of interventions
that are used for rehabilitation after open reduction and internal fixation of ankle
fractures.

Materials and methods
Search strategy and selection criteria
Randomized controlled trials (RCT’s) and cohort studies evaluating postoperative
care regimen of ankle fractures were included in this systematic review and metaanalysis (Weber, AO or Lauge Hansen classifications(10,11)). Two reviewers (DS and
FH) independently searched the MEDLINE and EMBASE electronic databases in
January 2014. No language or publication restrictions were applied to the search,
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and disagreements were resolved by discussion (DS, FH and RH). The search was
conducted using the following specific broad search string: [ankle fracture OR
Lauge Hansen OR Weber] AND [cast OR orthosis OR weight-bearing] AND [Olerud
Molander OR follow-up].
Quality assessment
The methodological quality of all included studies was assessed by three reviewers
(DS, FH and RH) using the ‘risk of bias’ assessment tool provided by The Cochrane
Collaboration (18).
Outcome measures
The effectiveness and safety of the postoperative care regimens were evaluated
using the following outcome measures: the Olerud Molander score for functional
objective outcome (short-term and long-term(19)), return to work and/or daily
activities in days for functional subjective outcome, and rate of complications,
which is a direct result of the postoperative care regimen, for safety outcome.
Data extraction
Two reviewers (DS and FH) independently extracted the following data: authors,
year of publication, study design, treatment groups, outcome, results between 6
and 12 weeks (short-term), results after 6 months (long-term), confidence interval
(CI) or P value, and complications. The complications were defined as reported in
the studies. Author contact was attempted for studies with missing data.

9

Data analysis
Studies were included in the short-term analysis for the Olerud Molander score if
results between 6 and 12 weeks were reported. If more short-term results were
reported, the results closest to 6 weeks were used. Studies were included in the
long-term analysis if results after 6 months were reported. If more results were
reported on the long-term, the Olerud Molander scores from the final survey were
used.
Review Manager (RevMan©) software version 5.2 was used for the meta-analysis.
A mean difference (MD) was calculated for continuous outcomes. The Inverse
Variance (IV) with fixed effect (Fixed) or with random effect (Random) method was
used to construct a 95%CI. If a study did not report standard deviation (SD), the
value was not estimated. Available case analysis was performed with missing data.
A risk ratio (RR) was calculated for complications, which was the only dichotomous
outcome. The Mantel-Haenszel (M-H) with fixed effect (Fixed) or random effect
(Random) method was used to compute a 95%CI for the dichotomous outcome.
The assessment of statistical heterogeneity was done by visual inspection of the
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forest plots, the Tau2 test, the Chi2 test, the degrees of freedom (df ), the I2 value and
the overall effect Z-test. If the I2 value was below 25%, fixed effects were used. If the
I2 value was 25% or greater, random effects were used. After the primary analyses,
sensitivity analyses were performed. In the sensitivity analyses on bias, all studies
with less than 5 high risk factors for bias were included. Studies with 5 or more high
risk factors for bias were excluded. In the sensitivity analysis on study design, only
RCT’s were included. In the sensitivity analyses on time, all studies published after
2000 were included.

Results
Search
The MEDLINE and EMBASE search identified 259 and 87 studies, respectively. The 14
relevant studies from the initial search were checked for related citations, resulting
in 28 relevant studies.
In Kimmel et al. mobilization started with a difference of one day between the
two groups and in Starkweather et al. with a difference of seven days (20,21).
Partenheimer et al. only analysed one group of patients (22). Therefore, these
studies were not included. Ultimately, a total of 25 studies met the inclusion criteria
(Figure 1(13,23–46)).
Baseline characteristics
Of the 25 included studies, 12 were RCT’s, 7 were prospective studies, 1 was a
retrospective study, and 5 were partly prospective and partly retrospective studies.
A total of 1376 participants were included. Studies included in this meta-analysis
did not describe the classification of ankle fractures (AO, Weber or Lauge Hansen),
age, or medical co-morbidities in relation to the different outcomes (Table S1).
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Studies identified through
database searching (n = 346)
MEDLINE (n = 259)
EMBASE (n = 87)

Studies excluded (n = 332)
No ankle fracture (n = 170)
Non-interventional study (n = 115)
Without population of interest (n= 11)
Without outcomes of interest (n = 9)
Case reports/series (n = 22)
Animal studies (n = 1)
Duplicates (n = 4)

Screening

Identification

Figure 1 Process from initial search to final inclusion of studies on postoperative care of ankle fractures
A flowchart following the PRISMA guidelines of the search strategy.

Eligibility

Studies retrieved (n = 14)

9

Included

Relevant related citations (n = 11)

Studies included in meta-analysis (n = 25)

Bias
Nearly all studies had a high risk of bias, both cohort studies and RCT’s (Figure 2).
More than half of the studies had a high risk on random sequence generation
(52%), on allocation concealment (80%), and on blinding of outcome assessment
(80%). Since treatment was visible, the participants and personnel of all studies,
cohort studies and RCT’s, were not blinded. In 11 (44%) studies, a high risk of
other bias was found. In 7 of these studies, patients with a Weber A fracture who
had undergone surgery were included (13,27,33,36,38,39,43). However, further
specifications of these fractures were not presented.

138

Weight-bearing and mobilization in the postoperative care of ankle fractures

Figure 2 Risk of bias assessment

Gul et al. 2007 (13)
Honigmann et al. 2007 (36)
Vioreanu et al. 2007 (45)
Simanski et al. 2006 (42)
Siddique et al. 2005 (41)
Lehtonen et al. 2003 (38)
Egol et al. 2000 (31)
Harager et al. 2000 (34)
Dogra et al. 1999 (30)
Laarhoven van et al. 1996 (37)
Richter et al. 1996 (40)
Tropp et al. 1995 (44)
DiStasio et al. 1994 (29)
Hedström et al. 1994 (35)
Ahl et al. 1993 (26)
Godsiff et al. 1993 (33)
Cimino et al. 1991 (27)
Davies et al. 1991 (28)
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Wetzler et al. 1991 (46)
Finsen et al. 1989 (32)
Ahl et al. 1988 (25)
Ahl et al. 1987 (24)
Ahl et al. 1986 (23)
Søndenaa et al. 1986 (43)
Lund-Kristensen et al. 1981 (39)
indicates a high
risk of bias

indicates a high risk of bias,
indicates a low risk of bias

indicates an unclear
risk of bias
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Effect of mobilization
A total of 19 studies investigated the effect of mobilization (ankle exercises) on
recovery (13,27–33,35–38,40–46). Honigmann et al. and Laarhoven van et al. only
reported the median results and Wetzler et al. did not describe enough data for
analysis (36,37,46). Therefore, these three studies were excluded from the analysis.
Tropp et al. used a modified Olerud Molander score (44). Finsen et al. compared 3
groups with each other; only groups A and B with a non-weight-bearing treatment
were analysed (32).
The Olerud Molander score was reported in 9 studies. No statistically significant
results were found with the short-term (MD -6.88; 95%CI -17.66 to 3.91) or longterm Olerud Molander score (MD -1.05; 95%CI -4.11 to 2.00).
The return to work and/or daily activities was reported in 7 of the active mobilization
studies (Figure 3). The total mean difference was -20.76 days in favour of the ankle
exercises group (95%CI -40.02 to -1.50).
Complications were reported entirely (and attributed to a group) in 12 studies. The
nature and definition of the complications differed, but they were comparable in
terms of severity. No statistically significant difference was found in the occurrence
of complications (RR 1.22; 95%CI 0.60 to 2.45). Lehtonen’s data skewed the results
(38).
Unprotected mobilization was described in 7 studies (13,32,36,37,39,41,43).
With the exception of Gul et al., these studies used unprotected mobilization in
combination with late weight-bearing (3-6 weeks post-operatively(13)). Finsen et
al. and Lund-Kristensen et al. did not report the groups in which complications
occurred (32,39). Siddique et al. did not report the complications (41). No statistically
significant difference was found in the occurrence of complications (RR 1.03; 95%CI
0.42 to 2.50).

9

Effect of weight bearing
The effect of weight bearing on postoperative recovery was reported in 11 studies
that compared early versus late weight-bearing (13,23–26,32,34,36,37,42,46).
Honigmann et al. and Laarhoven van et al. reported only the median scores, and
Wetzler et al. did not describe enough data for analysis. Therefore, these three
studies were excluded from analyses (36,37,46).
Analysis of the short-term Olerud Molander score was not possible. Although the
long-term Olerud Molander score was reported in three studies, only Simanski et
al. reported the SD values, so analysis of the long-term score also was not possible
(42).
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Of the 11 studies, only 3 reported the mean results of return to work and/or daily
activities (Figure 4). In Finsen et al., the two groups without ankle exercises (groups
B and C) were used in the analysis (32). The total mean difference was -20.62 days
in favour of the early weight-bearing group (95%CI -42.46 to 1.22). For analysis of
complications, 8 of the 11 studies were used. No statistically significant difference
was found (RR 1.26; 95%CI 0.56 to 2.85). Weight-bearing as tolerated began
immediately after surgery in 3 studies (13,27,34). Harager et al. only reported the
complications of one group (34). Therefore, only 2 of the 3 studies were analyzable.
There was no statistically significant difference in the occurrence of complications
(RR 0.69; 95%CI 0.28 to 1.73).
Unprotected weight-bearing as tolerated immediately after surgery
Gul et al. was the only study to report unprotected immediate weight-bearing as
tolerated (13). No significant differences were found between the groups in the
Olerud Molander score, postoperative pain intensity, and length of hospital stay.
Analysis of return to work/daily activities resulted in a statistically significant mean
difference of 36.7 days in favour of the unprotected immediate weight-bearing as
tolerated group.
Sensitivity analyses
In the sensitivity analyses on bias, 9 studies with 5 or more high risk factors for bias
were excluded (13,25,27,28,32–34,39,40). All analyses were repeated without these
studies. The results remained in favour of the same group but lost their statistical
significance, indicating insufficient power to demonstrate effectiveness if only high
quality studies are used (Table 1). In the sensitivity analyses on study design about
the effect of mobilization on the occurrence of complications, the result became
significant (RR = 3.38; 95%CI = 1.82 to 6.28). The other analyses on study design
showed no significant differences. In the sensitivity analyses on time, the results
remained in favour of the same group and the effect of weight bearing on the
return to work/daily activities became significant (MD -26.75; 95%CI -51.13 to -2.37).
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Figure 4 Effect of weight-bearing; return to work/daily activities
The mean difference (SD) on the return to work/daily activites is shown between the early weight-bearing groups and the late weight-bearing groups.

Figure 3 Effect of mobilization; return to work/daily activities
The mean difference (SD) on the return to work/daily activities is shown between the ankle exercises groups and the immobilization groups.
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Table 1 Results of sensitivity analyses
Outcome

Results

Sensitivity analy- Sensitivity Sensitivity anasis on bias analysis on study lysis on time
design

Effect of mobilization
Olerud Molander Score on
short-term*

-6.88
(-17.66; 3.91)

-6.88
(-17.66; 3.91)

0.06
(-7.18; 7.31)

-6.84
(-19.87; 6.19)

Olerud Molander Score on
long-term*

-1.05
(-4.11; 2.00)

-1.05
(-4.11; 2.00)

-0.28
(-3.50; 2.94)

-2.67
(-10.06; 4.72)

Return to work/daily activities
in days*

-20.76
-12.18
-12.45
-18.68
(-40.02; -1.50) (-34.89; 10.53) (-43.75; 18.85) (-40.70; 3.33)

Complications**

1.22
(0.60; 2.45)

2.09
(0.93; 4.70)

3.38
(1.82; 6.28)

1.71
(0.67; 4.37)

Complications; unprotected
treatment**

1.03
(0.42; 2.50)

1.05
(0.30; 3.66)

3.43
(0.15; 79.74)

***

-20.62
(-42.46; 1.22)

***

***

-26.75
(-51.13; -2.37)

Complications**

1.26
(0.56; 2.85)

1.41
(0.46; 4.36)

1.05
(0.06; 17.81)

1.00
(0.41; 2.45)

Complications; weight-bearing as
tolerated immediately after surgery**

0.69
(0.28; 1.73)

***

***

***

Effect of weight-bearing
Return to work/daily activities
in days*

*
**
***

= results are presented as mean difference (95%CI)
= results are presented as risk ratio (95%CI)
= ≤ one study can be included, therefore analysis cannot be performed

Discussion
Results of this systematic review and meta-analysis on a combination of cohort
studies and randomized controlled trials show that after ankle surgery, 1) active
exercises accelerate return to work and daily activities compared to immobilization,
2) early weight-bearing tends to accelerate return to work and daily activities
compared to late weight-bearing. Furthermore, active exercises in combination
with immediate weight bearing may be a safe option that needs to be further
explored.
These conclusions are based on 25 studies, 18 of which are quasi-randomized
trials used in the recently published Cochrane meta-analysis of Lin et al (47). The
Cochrane meta-analysis found limited evidence supporting early commencement
of ankle exercises and weight bearing, as it resulted in a reduced activity limitation
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score and an improved range of motion. However, there was also an increase
in complication rates. A limitation of the Cochrane meta-analysis is that only
randomized and quasi-randomized controlled trials were included, and as a result,
most analyses were performed on 1-3 studies. This leads to a reduced possibility
to show effectiveness. In contrast, this meta-analysis also included other study
designs, which has been suggested by previous surgical and orthopaedic literature
(48,49). The randomization process in surgical trials is cumbersome and creates an
artificial situation that may deviate from “normal” clinical practice substantially (50).
Therefore, results of this meta-analysis are more likely to correspond to “standard”
clinical practice, despite all the drawbacks of non-randomized clinical research. This
concept has been initiated in the field of surgery and we extrapolated this in the
postoperative treatment. The patients cannot be blinded for their treatment regime
and return to work or daily activities is a patient subjective outcome measure.
Sensitivity analyses, which do not show a change in direction of the results after
correcting for study quality, support this phenomenon. The sensitivity analysis
according to study design for complications changed into statistical significance
in favour of immobilization. These results are heavily influenced by the study of
Lehtonen et al (38).
This study provides data about return to work, which is becoming increasingly
important for health care providers in current practice. We found that active
mobilization results in earlier return to work and/or daily activities of 21 days. This
result might lead to a cost reduction in social security payments and lost wages
(5,7,51).
Other reviews have been published on various aspects of postoperative care
regimens (14–17). Nash et al. concluded that immobilization provides no benefit,
and Thomas et al. concluded that it is difficult to determine whether early motion
is overall better or worse than cast immobilization (15,17). Black et al. suggested
that early weight-bearing might allow for faster rehabilitation and earlier return to
work (14). Smith et al. concluded that because of the little difference in outcome,
the optimum time to commence weight-bearing cannot be determined (16).
These reviews focused on whole postoperative care regimens rather than specific
aspects of postoperative care and could not give a differentiated clinical advice. In
this review, we analyzed separate aspects of the postoperative care regimen: effect
of ankle exercises, weight-bearing, and unprotected treatment in order to tailor
clinical advice accordingly.
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Nilsson et al. suggested that a difference of 4.4 points in the Olerud Molander
score is of clinical interest for a group of patients (52). This meta-analysis shows
an even greater difference in the Olerud Molander score of 6.88 points on shortterm in favour of active mobilization and 8.00 points on long-term in favour of
early weight-bearing. Both outcomes fail to reach statistical significance but are in
concordance with previous analyses (15,17,47).
Due to the inclusion of all relevant study designs without language restrictions, a
large number of studies were evaluated in this meta-analysis. Three independent
reviewers systematically evaluated the studies for risk of bias. In this quality
assessment, a great deal of bias was found in the published studies, which rendered
the results of these studies less reliable. The different variables used in this metaanalysis could cause heterogeneity because of poor definitions of these variables
in some of the included studies. This meta-analysis describes the complications as
defined in the studies, which allowed the severity of complications to be compared.
However, definitions vary and thus may result in bias.
Direct active mobilization after surgery is advantageous compared to
immobilization, and weight bearing shows a similar trend. This meta-analysis
shows no increased risk for complications with active mobilization after early
weight bearing. Therefore, the combination of active mobilization and early weight
bearing might be a promising strategy. Gul et al. published encouraging results
on direct unprotected weight-bearing as tolerated in a retrospective study design
(13). Currently, there are two trials being conducted on the postoperative care of
ankle fractures (NCT01196338 and NTR3727).
Conclusion
Active mobilization results in an earlier return to work. Both active mobilization and
immediate protected weight-bearing may be safe postoperative care strategies
after ankle surgery, so the regimen choice should be based on patient demands
with an emphasis on active mobilization. Unprotected weight-bearing as tolerated
after ankle surgery may also be a safe and promising choice. As such, future research
should address this option.
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Table S1 Characteristics of included studies
Publication and study
design

Groups
(n = number of patients)

Ahl et al. 1986 (23)
Randomized controlled
trial

(A) Late weight-bearing (starting from the fourth postoperative week) in a below-knee cast
(n = 22)
vs
(B) Early weight-bearing (starting from the first post-operative day) in a below-knee cast
(n = 24)

Weightbearing

Mobilization

Protection

-

-

+

-

-

+

-

+

-

-

-

-

+

-

-

+

-

+

-

-

-

+

+

-

-

+

+

-

+

-

-

+

+

-

-

+

+

-

+

-

Cast

Ahl et al. 1987 (24)
Randomized controlled
trial

9

(A) Late weight-bearing (starting from the fourth postoperative week) in a below-knee cast
(n = 28)
vs
(B) Immediate weight-bearing
(starting from the first post-operative day) in a below-knee
cast (n = 25)

Ahl et al. 1988 (25)
Randomized controlled
trial
and retrospective
comparisons to Ahl et
al. 1986

(A) Ankle exercises without
weight-bearing in a dorsal
splint (n=25)
vs
(B) Ankle exercises with
weight-bearing in an orthosis
(n=26)
Both groups were initially treated with a plaster cast without
weight-bearing during the first
postoperative week

Ahl et al. 1993 (26)
Randomized controlled
trial
and retrospective
comparisons to Ahl et
al. 1987

(A) Ankle exercises without
weight-bearing in a dorsal
splint (n=19)
vs
(B) Ankle exercises with
weight-bearing in an orthosis
(n=21)
Both groups were initially treated with a plaster cast without
weight-bearing during the first
postoperative week
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Outcome

Results
6-12 weeks

Results
≥ 6 months

P value

Complications

Details bias assessment

Olerud
Molander
score

Not reported

Not reported Not reported

Group A: 2 older patients
with osteoporosis revealed
a redislocation of the lateral
malleolus on radiograms

The Olerud Molander
score is mentioned in the
methods but the results are
not reported (high risk on
selective reporting).

Olerud
Molander
score

Not reported

Not reported Not reported

Group A (2) and Group B (6)
cases of superficial wound
infection or skin irritation
The difference between the
8 cases was not significant

The Olerud Molander
score is mentioned in the
methods but the results are
not reported (high risk on
selective reporting).

Group B: 1 case redislocation (caused by a new
trauma)
Olerud
Molander
score

Not reported

Not reported Not reported

Olerud
Molander
score

Group A = 53
Group B = 66
(at 3 months)

Group A = 76 Not reported
Group B = 82
(at 6 months)
Not reported
Group A = 86
Group B = 90
(at 18 months) Not reported

No complications

The Olerud Molander
score is mentioned in the
methods but the results are
not reported (high risk on
selective reporting).

Group B: 3 cases with
superficial wound infection,
1 case with local wound
necrosis and 1 case with
skin irritation, caused by
the orthosis
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Table S1 Characteristics of included studies
Publication and study
design

Groups
(n = number of patients)

Weightbearing

Mobilization

Cimino et al. 1991 (27)
Partly prospective study
(63/71), partly retrospective study (8/71)

Protection

(A) Immobilization in a cast
(immediate full weight-bearing)
(n=19)
vs
(B) Ankle-foot orthosis (immediate full weight-bearing) with
ankle exercises
(n=32)

+

-

+

-

-

+

+

-

+

-

(A) Immobilization in a below-knee plaster of Paris
(n = 20)
vs
(B) Ankle exercises and continuous passive movements
(after 24 hours in a below-knee
plaster of Paris backslab)
(n = 21)
Both groups were non-weightbearing

-

-

+

-

-

-

+

-

-

+

(A) Immobilization in a below-knee short-leg cast
(n = not reported)
vs
(B) Physical therapy immediately after surgery in a removable short-leg orthosis
(n = not reported)
Both groups were non-weightbearing for 6 weeks
(total n = 61)

-

-

+

-

-

-

+

-

+

-

Cast

Davies et al. 1991 (28)
Prospective study

9

DiStasio et al. 1994 (29)
Randomized controlled
trial
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Orthosis Unprotected

Weight-bearing and mobilization in the postoperative care of ankle fractures

Outcome

---

Results
6-12 weeks

Results
≥ 6 months

---

---

P value

---

Complications

Group A: 2 cases with
wound complication
1 case with painful bursa
(reoperation)
1 case with hardware loosening (reoperation)
Group B: 2 cases with
wound complication
1 case with widening of the
malleoli due to syndesmosis injury

Details bias assessment

Eight patients are previously
reported (high risk on other
bias).
Weber A fractures are
included (high risk on other
bias).
Three patients are mistakenly assigned to group B (high
risk on other bias).

Group B: 1 case with a
femoral-neck fracture and a
pulmonary embolism
Return to
work
(in days)

Group A = 203
Group B = 133

---

p = 0.084

Group A:3 cases with a
wound infection
Group B:2 cases with a
wound infection
Group A:2 cases with an
early removal of metal
1 case with osteoporosis
Group B: 6 cases with an
early removal of metal
2 cases with osteoporosis
1 case with a combination
of above described complications

Return to
work (in
days)

Group A = 186
Group B = 174

---

Reported as
Group A:2 cases with a
not significant superficial wound infection
Group B:1 case with a superficial wound infection
Group unknown:5 cases
with a removal of internal
fixation hardware for local
symptomatology

The results are reported for
only 34% of the patients
(high risk on other bias).
The total number of
patients is reported, but not
how many of these patients
are assigned to the different
treatment groups (high risk
on other bias).
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Table S1 Characteristics of included studies
Publication and study
design

Groups
(n = number of patients)

Weightbearing

Mobilization

Dogra et al. 1999 (30)
Randomized controlled
trial

Protection

(A) Non-weight-bearing in
a plaster cast in the first two
weeks postoperatively without
ankle exercises
(n=26)
vs
(B) Non-weight-bearing with
ankle exercises in the first two
weeks postoperatively. The
ankle was resting in a plaster
slab at all other times.
(n=26)
In both groups a below-knee
plaster cast was applied
after two weeks, graduated
weight-bearing was instructed.

-

-

+

-

-

-

+

+

-

-

(A) Non-weight-bearing
fibre-glass short-leg cast
without ankle exercises
After 6 weeks patients started
physiotherapy
(n=28)
vs
(B) Non-weight-bearing in a
removable functional brace
(aircast) with active and passive
exercises of the ankle and subtalar joint by a physiotherapist
Patients continued the ankle
exercises at home
(n=27)
Both groups were initially
treated for the first 2 or 3 days
with a plaster A-O splint
Both groups started
weight-bearing at 6 weeks

-

-

+

-

-

-

+

-

+

-

Cast

Egol et al. 2000 (31)
Randomized controlled
trial

9
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Orthosis Unprotected

Weight-bearing and mobilization in the postoperative care of ankle fractures

Outcome

Results
6-12 weeks

Results
≥ 6 months

P value

Complications

Olerud
Molander
score

Group A =
43.4 (30 - 65)
Group B = 46.2
(35 - 60)
(at 12 weeks)

---

Reported as
Group unknown: 1 case of
not significant superficial wound infection

Return to
Group A =
work
106.5
(in days)
Group B = 53.8
(35 out of 55
patients)

---

p = 0.007

Details bias assessment

Group A: 1 case with pulmonary embolus

9
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Table S1 Characteristics of included studies
Publication and study
design

Groups
(n = number of patients)

Weightbearing

Mobilization

Finsen et al. 1989 (32)
Randomized controlled
trial

(A) Non-weight-bearing in a
light-weight plaster-of-Paris
cast
(n=19)
vs
(B) Non-weight-bearing without a plaster cast (first three
days in a plaster-of-Paris splint)
with ankle exercises
(n=18)
vs
(C) Weight-bearing in a
below-knee cast with a rubber
walker
(n=19)

Protection

-

-

+

-

-

-

+

-

-

+

+

-

+

-

-

(A) No early ankle exercises in
a non-weight-bearing cast for
6 weeks
(n = 20)
vs
(B) Early active and passive ankle exercises in a
non-weight-bearing cast for
6 weeks
(n = 27)

-

-

+

-

-

-

+

+

-

-

(A) Immobilization and nonweight-bearing in a plaster cast
(n=25)
vs
(B) Immediate functional and
full weight-bearing mobilization without a plaster cast
(n=25)

-

-

+

-

-

+

+

-

-

+

Cast

Godsiff et al. 1993 (33)
Prospective study

Gul et al. 2007 (13)
Retrospective study

9
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Orthosis Unprotected

Weight-bearing and mobilization in the postoperative care of ankle fractures

Outcome

Results
6-12 weeks

Results
≥ 6 months

Return to
work (in
days)

Group A =
96.6 (SD =
36.4)
Group B = 66.5
(SD = 28)
Group C = 90.3
(SD = 42)

---

---

---

---

Olerud
Molander
score

---

Return to
work
(in days)

Group A =
91.3 (SD =
20.2)
Group B = 54.6
(SD = 15.5)

P value

Complications

reported as
Group C: 1 case with
not significant readmission because of
swelling, irritation of the
skin and blistering
Group unknown:2 cases
with a superficial wound
infection
1 case with a deep wound
infection
3 cases with a superficial
infection or a small area of
necrosis of the skin after
removal of the plate and
screw.
---

Group A = 84 p = 0.858
Group B = 82
(at an average
37,5 months)
---

p < 0.001

Details bias assessment

The total loss to follow-up is
reported, but not how the
loss to follow-up is divided
between the different
treatment groups (high risk
on other bias).

Not reported

Weber A fractures are
included (high risk on other
bias).

Group A: 1 case with superficial wound infection
1 case with a pulmonary
embolism
1 case with loss of internal
fixation at one week which
was re-operated
1 case with non-union who
refused re-operation
Group B: 3 cases with
superficial wound infection
who were put in an ankle
brace to limit dorsal and
plantar flexion for 1-2
weeks but were allowed
to continue with full
weight-bearing
1 case of posttraumatic
arthritis

Weber A fractures are
included (high risk on other
bias).

9

Group B: 2 cases of syndesmotic screw breakage
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Table S1 Characteristics of included studies
Publication and study
design

Groups
(n = number of patients)

Weightbearing

Mobilization

Harager et al. 2000 (34)
Partly prospective and
partly
retrospective study

(A) Non-weight-bearing for 3
weeks followed by 3 weeks of
weight-bearing
(n = 73)
vs
(B) Immediate full weight-bearing in a below-knee walking
cast
(n = 62)

Protection

-

-

+

-

-

+

-

+

-

-

(A) Weight-bearing in a
walking cast without ankle
exercises
(n=25)
vs
(B) Weight-bearing in an orthosis with ankle exercises
(n=28)

+

-

+

-

-

+

+

-

+

-

(A) Functional postoperative
treatment without external
stabilization (full weight-bearing after 6 weeks)
(a plaster of Paris splint was
applied for 2-4 days)
(n=22)
vs
(B) Weight-bearing in a vacuum orthosis (vacoped) (full
weight-bearing is allowed after
14 days)
(n=23)
Both groups had 15kg
weight-bearing starting
between 2nd and 4th postoperative day. Both groups had free
ankle movements

-

+

-

-

+

+

+

-

+

-

Cast

Hedström et al. 1994
(35)
Randomized controlled
trial

Honigmann et al. 2007
(36)
Randomized controlled
trial

9
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Orthosis Unprotected

Weight-bearing and mobilization in the postoperative care of ankle fractures

Outcome

---

Results
6-12 weeks

Results
≥ 6 months

---

---

Olerud
Molander
score

Group A = 70
Group B = 80
(at 3 months)

Olerud
Molander
score
(median)

Group A =
42.5
Group B = 42
(at 6 weeks)

P value

---

Complications

Group A: Not reported
Group B: 5 cases with a
superficial wound infection
1 case with a slightly dislocated fracture
2 cases with a deep venous
thrombosis

Details bias assessment

The hospital stay is mentioned in the methods but
the quantitative results are
not reported (high risk on
selective reporting). The
complications of group A
are also not reported (high
risk on selective reporting).

Reported as
Group A: 1 case with supernot significant ficial wound infection
Group B: 2 cases with suReported as
perficial wound infection
Group A = 85 not significant
Group B = 85
Group B: 4 cases with
(at 6 months) Reported as
arthrosis
not significant
Group A = 88
Group B = 100
(at 18 months)
---

p = 0.46

---

p = 0.55

---

p = 0.79

No complications

Weber A fractures are
included (high risk on other
bias).

Group A = 72
Group B = 69
(at 10 weeks)
Return to
work
(in days)
(median)

Group A = 53
Group B = 37

9
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Table S1 Characteristics of included studies
Publication and study
design

Groups
(n = number of patients)

Laarhoven van et al.
1996 (37)
Prospective study

(A) Non-weight-bearing functional unprotected mobilization
and crutches
(n=40)
vs
(B) Early weight-bearing in a
below-knee walking plaster
(n=41)
Both groups were initially treated for two to five days with a
plaster cast postoperatively

Weightbearing

Mobilization

Protection

-

+

-

-

+

+

-

+

-

-

+

-

+

-

-

+

+

-

+

-

Cast

Lehtonen et al. 2003 (38)
Randomized controlled
trial

9
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(A) Below-knee plaster cast;
after 2 weeks partial
weight-bearing in a fibreglass
short leg walking cast and
full weight-bearing at 4 weeks
(n=50)
vs
(B) Functional Air-Stirrup ankle
brace (Aircast); after 2 weeks
partial weight-bearing and full
weight-bearing at 4 weeks
(n=50)

Orthosis Unprotected

Weight-bearing and mobilization in the postoperative care of ankle fractures

Outcome

Results
6-12 weeks

Results
≥ 6 months

P value

Olerud
Molander
score
(median)

Group A = 40
Group B = 45
(at 10 days)

---

p = 0.47

Group A = 50
Group B = 65
(at 6 weeks)

p = 0.02

Group A = 80
Group B = 85
(at 3 months)

p = 0.84

Complications

Details bias assessment

Group A: 2 cases with a
superficial wound infection
1 case with osteitis
Group B: 4 cases with a
superficial wound infection
Group unknown: 3 cases
with secondary dislocation
after operation
1 case with delayed union
2 cases with Sudeck’s
dystrophy

Group A = 95 p = 0.90
Group B = 95
(at 1 year)
Return to
work
(in days)
(median)

Group A = 79
Group B = 78

Olerud
Molander
score

Group A = 54
(SD = 13)
Group B = 52
(SD = 14)
(at 6 weeks)

---

Group A = 75
(SD = 14)
Group B = 75
(SD = 13)
(at 12 weeks)
Group A = 89
(SD = 8)
Group B = 88
(SD = 9)
(at 52 weeks)
Group A = 87
(SD = 8)
Group B = 87
(SD = 9)
(at 2 years)
Return to
work
(in days)

Group A = 63
(SD = 13)
Group B = 65
(SD = 19)

---

p = 0.54

Reported as
Group A: 4 cases with a
not significant superficial wound infection
2 cases with a deep-vein
thrombosis
1 case with chronic dysesReported as
thesia of the skin
not significant Group B: 16 cases with a
superficial wound infection
4 cases with a deep wound
infection
Reported as
3 cases with dehiscence of
not significant the wound
3 cases with chronic
dysesthesia
1 case with local skin
Reported as
necrosis
not significant 1 case with chronic
allodynia
1 case with loss of internal
fixation
Reported as
1 case with refracture of the
not significant lateral malleolus

Weber A fractures are
included (high risk on other
bias).

9

Group A: 1 case with chronic skin irritation
Group B: 2 cases with
chronic skin irritation
1 case with postspinal
headache
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Table S1 Characteristics of included studies
Publication and study
design

Groups
(n = number of patients)

Weightbearing

Mobilization

Lund-Kristensen et al.
1981 (39)
Prospective study

Protection

(A) Dorsal plaster-of-Paris splint
for 2 to 10 days
(average 3 days) with ankle
exercises after removal of the
dorsal splint
(n=10)
vs
(B) Plaster-of-Paris cast (for 4
to 6 weeks postoperative); as
soon as possible the patients
were mobilized using crutches
(n=3)
vs
(C) Without any external fixation with ankle exercises
(n=15)
All groups became
weight-bearing on average at
9 weeks.

-

-

+

-

-

-

+

+

-

-

-

+

-

-

+

(A) Plaster immobilization
(non-weight-bearing)
(n=19)
vs
(B) Early mobilization
(n=42)

-

-

+

-

-

-

+

-

-

-

(A) Immobilization in a below-knee plaster cast
(n=22)
vs
(B) Mobilization without a cast
(n=22)
Both groups were treated
with partial weight-bearing
at 4 weeks and gradually progressed to full weight-bearing

-

-

+

-

-

-

+

-

-

+

Cast

Richter et al. 1996 (40)
Prospective study

Siddique et al. 2005 (41)
Prospective study

9
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Orthosis Unprotected

Weight-bearing and mobilization in the postoperative care of ankle fractures

Outcome

Results
6-12 weeks

Results
≥ 6 months

---

---

---

Olerud
Molander
score

---

Olerud
Molander
score

Group A =
33.0 (SD =
19.0)
Group B = 39.2
(SD = 19.5)
(at 6 weeks)

P value

---

Group A = 85.0 Not reported
Group B = 92.4
(on average at
17,3 months)

---

p = 0.29

---

p = 0.76

Complications

Details bias assessment

Group unknown: 1 case
with a small abscess over a
loose screw
1 case with pes equines

Weber A fractures are
included (high risk on other
bias).
Very low number of patients
(n=28) are included (high
risk on other bias).

No complications

Children are included (high
risk on other bias).

Not reported

9

Group A =
67.5 (SD =
21.9)
Group B = 69.5
(SD = 22.5)
(at 12 weeks)
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Table S1 Characteristics of included studies
Publication and study
design

Groups
(n = number of patients)

Weightbearing

Mobilization

Simanski et al. 2006 (42)
Partly prospective and
partly
retrospective study

(A) Immobilization (no
functional treatment) in a below-knee plaster cast without
weight-bearing
(starting in a below-knee
splint until ankle swelling was
reduced)
(n=23)
vs
(B) Early functional (active and
passive ankle exercises) treatment in a brace (aircast)
with immediate partial weight-bearing; full
weight-bearing after 3 weeks
(n=23)

Protection

-

-

+

-

-

+

+

-

+

-

(A) Non-weight-bearing immobilization in a plaster cast
(n=23)
vs
(B) Unprotected non-weightbearing with active ankle
exercises (after 3 days of pain
immobilization in a plaster
slab)
(n=20)
Both groups were allowed full
weight-bearing after 6 weeks

-

-

+

-

-

-

+

-

-

+

(A) Immobilization in a plaster
cast
(n = 15)
vs
(B) Early mobilization in an
ankle brace
(n = 15)
In both groups weight-bearing
was allowed

+

-

+

-

-

+

+

-

+

-

Cast

Søndenaa et al. 1986
(43)
Randomized controlled
trial

9

Tropp et al. 1995 (44)
Randomized controlled
trial
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Orthosis Unprotected

Weight-bearing and mobilization in the postoperative care of ankle fractures

Outcome

Results
6-12 weeks

Olerud
Molander
score

---

Return to
work
(in days)

Group A =
75.6 (SD =
49.0)
Group B = 64.4
(SD = 38.5)

---

Modified
Olerud
Molander
score

---

Group A = 70
(SD = 21)
Group B = 77
(SD = 19)
(at 10 weeks)

Results
≥ 6 months

P value

Group A = 79 p = 0.25
(SD = 19)
Group B = 87
(SD = 14)
(at least at 12
months)
p = 0.63

---

---

Complications

Group A: 1 case with pseudarthrosis of the fibula
2 cases with superficial
wound infection
1 case with reflex sympathetic dystrophy
(p = 0.66)
Group B: 1 case with reflex
sympathetic dystrophy
1 case with an allergic reaction to the chrome-nickel
plate

Group B: 1 case with a superficial wound infection

Reported as
Group A: no complications
not significant Group B: 1 case with a
wound with slight secretion
Reported as
Group A = 88 not significant
(SD = 22)
Group B = 92
(SD = 10)
(at 12 months)

Details bias assessment

Weber A fractures are
included (high risk on other
bias).

Very low number of patients
(n=30) are included (high
risk on other bias).
The total number of
patients is reported, but not
how many of these patients
are assigned to the different
treatment groups (high risk
on other bias).

165

9

CHAPTER 9

Table S1 Characteristics of included studies
Publication and study
design

Groups
(n = number of patients)

Weightbearing

Mobilization

Vioreanu et al. 2007 (45)
Prospective study

Protection

(A) Immobilization in a
below-knee nonremovable
fibreglass cast (non-weight-bearing)
(n=29)
vs
(B) Early mobilization in a
removable fibreglass cast
with active and passive ankle
exercises
(non-weight-bearing)
(n=33)
Both groups were initially treated for 10 to 14 days in a dorsal
plaster of Paris splint

-

-

+

-

-

-

+

+

-

-

(A) Short leg cast for 6 weeks
(n = 25)
vs
(B) Pneumatic walker for 1 to 2
weeks and then a pneumatic
ankle brace
(n = 20)

-

-

+

-

-

+

+

-

+

-

Cast

Wetzler et al. 1991 (46)
(abstract only)
Randomized controlled
trial

Orthosis Unprotected

Results which are not used in analyses are written in italics. Complications that are not directly related to the post-operative treatment regimen and the complications with an unknown group are also written in italics.

9
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Weight-bearing and mobilization in the postoperative care of ankle fractures

Outcome

Results
6-12 weeks

Results
≥ 6 months

P value

Olerud
Molander
score

Group A =
63.75 (SD =
9.19)
Group B =
79.92 (SD =
11.32)
(at 9 weeks)

---

p < 0.05

Return to
work
(in days)

Group A =
81.07 (SD =
9.56)
Group B =
93.17 (SD =
8.76)
(at 12 weeks)

---

Complications

Details bias assessment

Group A: 2 cases with
deep vein thrombosis of
popliteal vein
Group B: 1 case with a superficial wound infection
1 case with break down
Reported as
and subsequent infection
not significant of the wound which needed removal of hardware
1 case with a deep wound
infection which needed
p < 0.05
removal of hardware

---

Group A =
94.9 (SD =
24.4)
Group B = 67
(SD = 18.7)
Return to
work
(in days)

No difference
between both
groups

---

Reported as
Number of complications
not significant in both groups are not
significantly different

+ = yes / present
- = no / not present

9
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“

Post-operative care regimens vary widely

from plaster casts and functional bracing to

unprotected non-weight bearing and weight bearing
- Page 171 -

”
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CHAPTER 10

Abstract
Background
The optimal post-operative care regimen after surgically fixed Lauge Hansen
supination exorotation injuries remains to be established. This study compares
whether unprotected weight bearing as tolerated is superior to protected weight
bearing and unprotected non-weight-bearing in terms of functional outcome and
safety.
Methods and design
The WOW! Study is a prospective multicenter clinical trial. Patients between 18
and 65 years of age with a Lauge Hansen supination exorotation type 2,3 or 4
requiring surgical treatment are eligible for inclusion. An expert panel validates
the classification and inclusion eligibility. After surgery, patients are randomized to
either the 1) unprotected non-weight bearing, 2) protected weight bearing or 3)
unprotected weight bearing group.
The primary outcome measure is ankle-specific disability measured by the OlerudMolander ankle score. Secondary outcomes are 1) quality of life (e.g. return to work
and resumption of sport), 2) complications, 3) range of motion, 4) calf wasting and
5) maximum pressure load after 3 months and 1 year.
Discussion
This trial is designed to compare the effectiveness and safety of unprotected weight
bearing with two commonly used post-operative treatment regimens after internal
fixation of specified intrinsically stable but displaced ankle fractures. An expert
panel has been established to evaluate every potential subject, which ensures that
every patient is strictly screened according to the inclusion and exclusion criteria
and that there is a clear indication for surgical fixation.

10

Trial registration
The WOW! Study is registered in the Dutch Trial Register (NTR3727). Date of
registration: 28-11-2012
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Weight bearing or non-weight bearing after surgically fixed ankle fractures, the WOW! Study

Background and rationale
Ankle fractures in adults occur frequently with an annual incidence of approximately
100 to 180 fractures per 100,000 people each year (1-3). Most ankle fractures occur
after inversion or eversion twisting trauma and sports injuries. For stable nondisplaced ankle fractures, a conservative treatment with a splint or cast is indicated (4,
5). However, when the congruity of the ankle fork or the joint stability is compromised,
open reduction and internal fixation is required to attain full function of the ankle joint
(6, 7).
While indications for surgical treatment are rather well defined, controversy exists with
regard to the optimal postoperative care regimen (8). Post-operative care regimens
vary widely from plaster casts and functional bracing to unprotected non-weight
bearing and weight bearing (9-15). Prior studies show a possible advantage of
(protected) weight bearing over (protected) non-weight bearing and of functional
mobilization over non-functional mobilization with crutches (11, 16). Some
recent, small retrospective and matched control studies even suggested that early
(unprotected) weight bearing results in faster recovery and better ankle function (1113).
The objective of this trial is to compare functional outcome and safety after three
different post-operative care regimens: 1) unprotected non-weight bearing, 2)
protected weight bearing, and 3) unprotected weight bearing.

Methods and Design
Study design
This is a prospective multicenter randomized controlled trial involving six hospitals
in the Netherlands. The study has been approved by the local Institutional Review
Board (IRB) under protocol number WOW-01/NL40835.100.12. This study compares
three different post-operative care regimens after ankle surgery; all patients with a
Lauge Hansen supination exorotation type 2,3 or 4 requiring surgical treatment are
eligible for inclusion.
After registration of the patient, an anonymous X-ray is sent to an expert panel.
This panel consists of six experienced orthopaedic trauma surgeons. The fracture
is classified according to the Lauge Hansen classification and advice on whether or
not operative fixation is indicated is provided within 24 hours. A patient is eligible
for inclusion when a majority of the expert panel agrees that operative fixation is
necessary and the fracture type meets the inclusion criteria. When votes are split
equally, the chairman (LL) is the tiebreaker. A flow chart of the study is shown in figure 1.
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Figure 1 Flow chart WOW! study

Ankle fracture
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Patient population
All non-pregnant, Dutch speaking patients are being recruited from the
participating hospitals in the emergency room or pre-operatively during an
outpatient department visit. Patients are screened for eligibility according to the
inclusion and exclusion criteria (table 1). The treating physician or study staff explains
the study and informed consent is obtained from each patient. Retrospective
data of the participating hospitals shows that approximately 395 patients per year
undergo surgery for ankle fractures. Approximately 20% of these patients would be
eligible for enrollment according to our inclusion criteria. If this trend continues, we
anticipate enrollment of 79 patients per year.

Table 1 Inclusion and exclusion criteria
Inclusion

Exclusion

Patients aged 18-65

Pre-existent impaired mobility

Lauge Hansen supination-eversion 2-3-4

Pre-existent cognitive disability

Articular discongruity > 2mm on X ray

Expected insufficient stable fracture fixation.
Necessity for a syndesmosis screw
Tertius fragment which requires operative treatment.
BMI> 30
Diabetes Mellitus
Polytrauma patients (ISS>16 or >2 AIS regions)
Gustillo 2 and 3 open fractures
Inability to comply with non weight baring regimen
iIability to comply follow up.

BMI: body mass index; ISS: Injury Severity Score; AIS: Abbreviated Injury Scale

Inclusion and exclusion criteria
All patients between 18 and 65 years with a Lauge Hansen supination exorotation
type 2, 3 and 4 are eligible for inclusion (figure 2). Exclusion criteria include preexistent impaired morbidity, cognitive disability, body mass index >30, and
Diabetes Mellitus. All inclusion and exclusion criteria are listed in table 1.

173

10

CHAPTER 10

Supination adduction

Supination external rotation

Pronation external rotation

Pronation abduction

Figure 2 The Lauge Hansen classification.
Trauma mechanism of ankle fractures. Supination abduction: 1 talofibularligament sprain or fibular avulsion, 2 vertical medial malleolus fracture.
Supination external rotation: 1 anterior tibiofibular ligament sprain, 2, lateral oblique fibular fracture, 3 avulsion of posterior malleolus or ligament
rupture, 4 transverse medial malleolus fracture or disruption of deltoid
ligament. Pronation abduction: 1 transverse medial malleolus fracture
or deltoid ligament, 2 anterior tibiofibular ligament sprain, 3 transverse
comminuted fracture of the fibula. Pronation external rotation: 1. transverse medial malleolus fracture or deltoid ligament disruption, 2 anterior
tibiofibular ligament disruption, 3 oblique or spiral fracture of the fibula, 4
avulsion of posterior malleolus of posterior tibiofibular ligament.
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Interventions
After enrollment, patients are scheduled for surgery. The ankle fixation technique
is ultimately determined by the treating physician; however, advice is provided by
the expert panel based on the X-ray. After surgery, all patients are randomized to
one of three post-operative care regimens: 1) Unprotected non-weight bearing
group – mobilization with crutches, active ankle exercises–, 2) protected weight
bearing group – weight bearing as tolerated with a below knee cast for 6 weeks
–, 3) unprotected weight bearing group– functional weight bearing as tolerated.
All patients see a physiotherapist post-operatively or after cast removal to learn
exercises and receive advice on how to start mobilizing according to their specific
post-operative care regimen. The physiotherapists have been instructed by the
investigators. Patients in the protected weight bearing group receive Low Molecular
Weight Heparin (LMWH) as thrombosis prophylaxis for the entire duration of
immobilization. For the unprotected non-weight bearing and unprotected weightbearing groups, anti-thrombotic treatment is not indicated.
Randomization process
Patients are randomized using computerized block randomization to either
protected weight bearing, unprotected non-weight bearing or unprotected
weight bearing. The randomization is stratified by the participating hospitals. The
blocks for randomization consist of 21 patients with the three post-operative care
regimens equally represented in each block. Follow up is by the intention-totreat (ITT) principle. Following surgical fixation, the treating surgeon logs into the
private website where the patient is randomized to one of three post-operative
care regimens.
Postoperative management and follow up
Patients are treated during same day admission if possible. According to their
post-operative care regimen, patients receive a cast, exercise instructions and a
physiotherapist referral letter. All patients are reviewed in the outpatient clinic by
the treating surgeon and/or investigator at 2 weeks, 6 weeks, 3 months, 6 months
and 1 year after surgery. At all post-operative outpatient visits, a standardized
clinical exam is conducted including three standardized patient reported outcome
questionnaires; the Olerud Molander Ankle Score (OMAS), the Short Form-36 (SF36) and the Visual Analogue Scale (VAS) (table 2).
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Table 2 Study assessments by timepoint
timepoint

Intake

2 weeks

6 weeks

12 weeks

6 months

1 year

X

X

OMAS*

X

X

X

SF-36^

X

X

X

Wound inspection

X

Calf circumference
Range of motion
Demographics

X

X
X

X

X

X

X

X

X

X

X

* Olerud Molander Ankle Score, ^ Short Form 36

Primary outcome measures
The Olerud Molander Score (OMAS) is a scoring scale for symptom evaluation in
patients with an ankle fracture and in patients with other acute ankle injuries (17).
This score ranges from 0 to 100%, with 100% representing normal ankle function
(17). It was developed specifically as a comparative research measure to improve
consistency and uniformity in ankle injury reporting (17). A difference of 5 to 10
points between two groups on the OMAS is defined as a clinically relevant result.

10

Secondary outcome measures
The Short-Form Health Survey (SF-36) is one of the most widely used generic
health questionnaires. It was developed as a medical outcome score to measure
the functional health status of a patient (18, 19). It has been translated into Dutch
and validated as a useful questionnaire to assess a broad array of health-related
quality-of-life issues (19).
Other secondary measures of function include Range Of Motion (ROM) (plantar
and dorso-flexion), weight-bearing pressure load, and calf wasting (difference in
calf circumference at enrollment and at 12 weeks post-operative) of the injured
ankle. Pain is measured by the Visual Analogue Scale (VAS) on an 11-point Likert
scale. Return to work and sports is also recorded. The pressure load of the injured
and non-injured ankle is measured by a scale at every visit, starting at 6 weeks.
Post-operative complications are defined as 1) wound healing problems (no
interventions required), 2) superficial wound infections (requiring oral antibiotic
treatment based on a wound culture), 3) infection near hardware (requiring
surgical debridement and intravenous antibiotic treatment based on a deep tissue
culture) 4) hardware failure (requiring re-operation) and 5) mal-union or nonunion (clinically and radiographically confirmed) and 6) deep venous thrombosis
(confirmed by ultrasound).
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Sample size and Power
Our hypothesis is that ankle specific disability assessed with the Olerud Molander
Ankle Score (OMAS) is less for unprotected weight bearing when compared
to protected weight bearing and unprotected non-weight-bearing. An a priori
power analysis for superiority of treatment with unprotected weight bearing
has been conducted for this hypothesis. To detect a clinically significant 7 point
difference on the OMAS at 12 weeks follow-up between unprotected non weightbearing and unprotected weight-bearing with a standard deviation of 10, α=0.05,
β=0.90, two-sided test (based on superiority of unprotected weight-bearing), and
a maximum loss to follow-up of 20%, a sample size of 75 patients per group is
necessary. Therefore, a total of 225 patients are needed for this study.
Statistical analysis
Analysis will be conducted according to the intention-to-treat principle. In bivariable
analysis, Pearson’s correlation will be used for continuous variables, Student’s t-test
for dichotomous variables such as gender, and ANOVA for categorical variables such
as the post-operative care regimen. Multivariate analyses will only be performed
post hoc and are considered hypothesis-inducing as opposed to hypothesistesting and will be ascribed as such.
Data and safety monitoring board (DSMB) and interim analysis
Participation in this trial does not elicit additional risks besides the standard
complications of ankle surgery, such as wound infections, deep venous thrombosis
and hardware failure (12, 13). Although all three post-operative care regimens
are independently investigated, unprotected weight bearing by unrestricted
mobilization as tolerated has not yet been investigated in a randomized trial.
Therefore, strict criteria for premature termination are implemented.
A Data Safety Monitoring Board (DSMB) has been established. An interim analysis
will be conducted after every serious adverse event and after half of the target
enrollement is reached. The DSMB consists of two independent physicians and one
clinical epidemiologist. The members are not committed to this trial. The DSMB
will provide advice that will be disclosed to the Institutional Review Board. The
steering committee may terminate the study prematurely if advised by the DSMB.
In addition, statistically significant, sufficiently powered and clinically relevant results
during interim analysis may be compelling to terminate the trial prematurely. For
this trial, the following termination criteria have been established:
10% Hardware failure percentage in any of the treatment groups (20, 21)
Wound infection percentage exceeding 20% in any of the treatment groups (14, 21)
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Ethical approval
This study will be conducted according to the principles of the Declaration
of Helsinki (version 9, October 2008, Seoul) and in accordance with the
Medical Research Involving Human Subjects Act. The Verenigde Commissie
Mensgebonden Onderzoek (VCMO) approved the study in the St. Antonius
hospital and Diakonessenhuis. The Centrale Commissie Mensgebonden Onderzoek
approved the study in Medisch Centrum Haaglanden. The Medisch Ethische
Toetsingscommissie approved the study in the St. Elisabeth hospital. Ethical
Approval from the Twee Steden hospital was obtained from the board of directors
based on VCMO approval.

Discussion

10

This trial is designed to compare the effectiveness and safety of unprotected
weight bearing with two commonly used post-operative treatment regimens
after internal fixation of specified intrinsically stable but displaced ankle fractures.
An expert panel has been established to evaluate every potential subject, which
ensures that every patient is strictly screened according to the inclusion and
exclusion criteria and that there is a clear indication for surgical fixation.
Prior research reports high patient satisfaction scores and no disadvantage for early
weight bearing (12, 13, 22). The combination of functional treatment and early
weight bearing may reduce soft tissue atrophy and development of osteoporosis
and better preserve ankle ROM (13). Therefore, direct postoperative weight-bearing
and early mobilization has the potential benefit of earlier functional recovery (8-14,
16, 23, 24).
Ankle fractures in this trial are described by the Lauge Hansen classification. This
classification describes the intrinsic stability, demonstrates the trauma mechanism,
and incorporates ligament injuries (25). This trial aims to provide evidence for the
optimal post-operative care regimen after surgical repair, solely for Lauge Hansen
supination exorotation 2-3 and 4 ankle fractures. In contrast to the majority of
studies that include patients with all types of ankle fractures requiring operative
fixation, this study describes a relatively stable fracture, which may be more suitable
for immediate unprotected weight-bearing (11-13). A limitation of the Lauge
Hansen classification is its low inter-observer kappa value (26). The expert panel
has been implemented to address this and minimize inter-observer variability.
There are limitations to this study. Not all available post-operative care regimens,
such as functional bracing, are studied in this trial, as it has been suggested that
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functional bracing is associated with an increased risk of post-operative wound
healing problems (21).
The termination criteria of this trial exceed the percentages mentioned in literature;
the majority of these studies are retrospective studies and small prospective trials
(11, 20, 21). However, the use of strict termination criteria is important to ensure the
safety of the patient.
This prospective randomized controlled trial compares three different postoperative care regimens after open reduction and internal fixation of ankle
fractures. By analyzing ankle disability, pain, quality of life, ROM, weight bearing
and resumption of daily activities, this trial assesses the optimal post-operative care
regimen for a specific ankle fracture.
Trial status
The institutional Review Board has approved the study, and patient enrollment has
begun in five of the six participating centers. Approval is still pending in one hospital.
Recruitment commenced in February 2013, and 73 patients are currently enrolled
in this study. Inclusion rates are expected to increase now that most participating
centers have received approval. Based on our power analysis and expected yearly
inclusion of 79 patients, enrollment of the 225th patient is expected in October
2016. Analysis will be conducted one year later once follow-up is completed.
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Shared-decision making or “ it takes two to tango”

11

Decision-making is not always easy. The primary goal is choosing the optimal
treatment for the patient. Even treatment for one specific medical diagnosis varies
from patient to patient. Clinicians must assimilate relevant knowledge and come to
a decision (with or without the patient’s involvement) on the best treatment plan
(1). Over the past decades, doctors have been using more traditional, paternalistic
and informed models of approach to patients. In recent years, this approach of
making decisions on behalf of the patient has become a matter of debate, and
the concept of “ shared decision-making” has emerged. In the process of shared
decision-making, health care professionals provide diagnosis, prognosis and
treatment options, and the patient expresses his or her preferences and values
(2). Understanding a patient’s intentions reduces decisional conflict and increases
patient’s satisfaction (3-5). Informed patients that are involved in the decisionmaking process are more compliant with the provided recommendations and
have an increased level of satisfaction (4). In chapter 2 and 3 we identified factors
that affect patients’ satisfaction. Pre-visit expectations and whether or not these
expectations are fulfilled are predictors of patients’ satisfaction. Cognitive flexibility
and psychological distress also influence one’s expectations and decisions (6,
7). Patients with low cognitive flexibility tend to be less able to comprehend
information presented to them (8, 9). There was no correlation between cognitive
flexibility and patient disability or pain. However, there was a correlation between
patient self-efficacy and cognitive flexibility. This suggests that focusing on
improving one’s coping strategies is more effective than encouraging one’s
open-mindedness. This is also the case for ankle sprains. Although often seen as
an easy-to-treat condition, physical symptoms, such as swelling, tenderness, and
ecchymosis are poor prognostic predictors. Chapter 4 revealed that psychosocial
factors best explain the patient’s experienced symptoms and limitations after an
ankle sprain, while the degree of classified injury has no measurable effect.
Decision aids can help patients determine their treatment preferences when there is
more than one treatment option. The partnership between patient and doctor can
take different forms. Therefore, the concept of shared decision-making also raises
new questions such as what both parties are sharing, and to what degree(10). It is
also important to recognize the constraints of shared decision-making. Preferences
for specific treatments can only be implemented if a physician agrees to do so
(11). A patient’s recall of medical information is often poor and inaccurate. Patients
tend to focus on diagnosis-related information and fail to remember instructions

186

General discussion and future perspectives

(12). Achieving effective communication is the responsibility of both the physician
and the patient. Medical schools are increasingly incorporating communication
skills into their curriculum in order to train future physicians how to effectively
communicate (12-14). It is important to establish which aspects of the treatment
plans are amenable to the shared decision-making process. Ideally, shared
decision-making offers the patient some say without assuming full responsibility.
For the physician, it provides an opportunity to go beyond a role of transferring
information. The physician takes part in, but does not dominate, the decisionmaking process (15). For example, the indication for surgery in a young athletic
patient with a dislocated ankle fracture is evident. When choosing a post-operative
care regimen there are multiple options, the decision can and should be made in
dialogue with the patient, according to his or her preferences.

Abbreviated measures have additional value in clinical practice.
Improving healthcare delivery requires constant evaluation of our current system.
Besides hard treatment outcome measures such as complications and survival,
it also requires patients to provide information on how they are feeling, their
symptoms, and effects of the prescribed treatment. Although these hard outcome
measures are important, they are unhelpful in communicating the broader impact
of disease and the success of healthcare (16). The focus is shifting to patientcentered healthcare research (17). To improve a patient’s experience and ensure
that research is of maximum value for the use of medical products, patientreported outcome measures (PROM) are used for evaluation of therapy and health
services (16, 18, 19). The main issue with these PROMs is the burden on patients
to fill in pages of questionnaires and on physicians to analyse this data. In chapter
5, we presented a shortened version of the Pain Self-Efficacy Questionnaire to
quickly assess a patient’s psychosocial distress, which is known as a major predictor
of disability (6, 20, 21). This abbreviated questionnaire shows good internal
consistency and correlation with patient reported disability and remained the
most important predictor for disability. Shorter versions of questionnaires reduce
the burden for the patient and physician (22). These shorter measures that assess
disability and psychosocial factors may not always be useful for research purposes
but are valuable in a busy clinical practice for screening purposes.
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Ankle fracture classification: are we doing it right?

11

Ankle injuries are frequently encountered in the emergency department. The
majority of ankle injuries are sprains, and approximately 15% of ankle injuries lead
to a fracture. Assessment of the mechanism of an ankle fracture and the extent
of the injured structures is difficult. Besides fractures of the tibia or fibula, a broad
variety of ligaments can be affected. A proper understanding of the extent and
mechanism of injury may help surgeons to choose the appropriate treatment
and provide prognostic information (23). Several classification systems have been
developed over the years, ranging from more descriptive and radiographic (AO and
Danis-Weber) to pathophysiologic (Lauge Hansen). The Lauge Hansen classification
encompasses the different stages of damage in addition to the fractured bones,
thereby providing essential prognostic information (24-26). However, this nearly
all-comprehensive Lauge Hansen system is cumbersome and prone to user errors
(27-30). The results of chapter 6 showed the reliability and reproducibility of the
Lauge Hansen classification system and a comprehensive descriptive system in
groups with different levels of expertise. A more descriptive system does not only
provide information about the fractured bones but also provides information on
injured ligaments. This study showed that the Lauge Hansen classification has
mediocre reproducibility, whereas describing the ankle fracture is more reliable and
reproducible. This consensus is essential for the transfer of information between
physicians and for patient counselling purposes. The Lauge Hansen classification
is a useful classification system for expert physicians, but for less experienced
users, observation reliability significantly decreases (28). Therefore, the descriptive
classification system provides a systematic and easily comprehendible tool that is
useful in clinical practice for treatment and prognostic purposes.
The Lauge Hansen classification is based on a two criteria descriptor: the position
of the foot (supination or pronation) at the time of the trauma and the following
directional force of the ankle (abduction, adduction, or external rotation). Therefore,
the Lauge Hansen classification provides insight into the trauma mechanism of
the fracture. Most studies describing the pathophysiology of ankle fractures do
not differentiate between different types of trauma, ranging from low- to highenergy trauma and mono- to polytrauma patients. Chapter 7 showed that patients
with a high-energy trauma experience a different type of ankle fracture when
assessed with the Lauge Hansen classification. Supination external rotation injuries
were predominantly seen in low-energy trauma patients, whereas all supination
adduction and pronation external rotation injuries were caused by high-energy
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trauma. This implies that the mechanism of injury of patients experiencing lowenergy trauma or monotrauma is different than that of high energy and polytrauma
patients. These results show that polytrauma patients should be considered a
different entity, probably due to the differences in trauma mechanism and energy
transfer from trauma intensity. For future research, mono- and polytrauma patients
should be segregated and individually studied.
Postoperative complications result in increased disability, cost, and time to
functional recovery (31-33). To provide patients with a more personalized and
individualized treatment plan, physicians should understand which patients
are at risk for what specific complications after ankle surgery (33-37). The large
retrospective study in chapter 8 showed that patient-, fracture-, and treatmentrelated factors are independently associated with development of postoperative
wound related complications in surgically treated ankle fractures. These results
again emphasize that the treatment of ankle fractures is a multifactorial problem,
thereby requiring appropriate and cautious assessment of each patient. Implantrelated problems were significantly correlated with the classification of the fracture.
Again, this shows the importance of accurate and adequate classification of ankle
fractures since it is essential in assessing of the extent of injured ligaments and
ankle stability.
Currently, there is no international standardized post-operative care regimen for
surgically treated ankle fractures. Choice of treatment predominantly depends
on a surgeon’s individual preference (38). The AO guidelines state that functional
rehabilitation should start almost immediately after surgery (39). In our systematic
review and meta-analysis (chapter 9), we studied multiple post-operative care
regimens. We compared the effectiveness and safety of interventions used for
rehabilitation after open reduction and internal fixation of ankle fractures. There
is great heterogeneity in the methods used in these studies. Our analysis showed
that both early and active mobilization and protected weight bearing are safe
postoperative care strategies after ankle surgery. Furthermore, active mobilization
results in quicker return to daily activities and work. Therefore, the emphasis after
surgery should be on early mobilization. Both protected weight bearing and
unprotected non-weight bearing have their disadvantages. Immobilization can
result in decreased range of motion, muscle atrophy, and decreased peak muscle
torque at the ankle (40-44). The major disadvantage of non-weight bearing is the
loss of bone mass resulting in an increased risk of osteoporosis (45, 46). These
factors have major influences on the time to full functional recovery. To reduce
these bottlenecks, unprotected weight bearing as tolerated might be the ideal
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solution. Small studies have already shown that early unprotected weight bearing
as tolerated can also be a safe choice for enhanced recovery (47, 48). For safe
early weight bearing, the intrinsic stability of the ankle after a fracture is essential.
Some fractures that compromise this, such as syndesmotic instability with a
deltoid ligament injury, are not suitable for early functional weight bearing. For
these fractures, axial loading on the ankle joint leads to increased risk of loss of
intrinsic stability and thereby incongruity of the ankle joint (49, 50). Furthermore,
it is essential to select the right patient for this type of treatment. Not all patients
are suitable to start early unprotected weight bearing. Patients who, for example,
already have osteoporosis, may need protection of the ankle due to their increased
risk of re-fracture. This has lead to the hypothesis that young and active patients
with a Lauge Hansen external rotation type 2-4 fracture are suitable for early
weight bearing as tolerated. In chapter 10, we described the study protocol for a
randomized controlled trial to confirm the theory that patients with uncomplicated
supination external rotation fractures can start early weight bearing as tolerated.

Classification systems: making the best of them.
Although the Lauge Hansen classification has its limitations as described above,
it was the best available classification system to describe both the fractured
bones and the stability of the ankle joint in the studies included in this thesis.
Although the Lauge Hansen classification is effective for expert users, reliability
and reproducibility decreases significantly in less experienced observers (28).
Using expert panels and consensus meetings to classify all fractures minimalized
the limitations of the Lauge Hansen classification. New insights presented in this
thesis show that a more descriptive system of describing ankle fractures has better
reliability and reproducibility than the Lauge Hansen classification, without loss of
essential information about the fractures stability.

11

All inclusive treatment of ankle fractures: a
“tailor-made” treatment.
The ideal post-operative care regimen for ankle fractures remains a matter of
debate. One must realize that there is a broad range of types of ankle fractures.
To properly understand the ideal post-operative care regimen, physicians must
have proper understanding of the stability of the ankle following an ankle fracture.
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When the intrinsic stability can be restored by, for example, fixation of the deltoid
ligament, more dynamic post-operative care regimens may be applicable.
Therefore, a thorough analysis and understanding of not only the fractured bones,
but also the injured ligaments, is essential. In current practice, the extent of injured
bones and ligaments is best described by the Lauge Hansen classification (24, 51,
52). The major flaw in the Lauge Hansen classification is its interobserver reliability
and intra-observer reproducibility (23, 27-29). This thesis showed that using a
descriptive system to classify ankle fractures improves reliability and reproducibility
without loosing essential information regarding ligament injury and stability of the
ankle joint.
Following selection of the fracture, selection of the patient is essential. While the
young and active patient population is physically capable of early mobilization,
psychosocial factors are often underestimated and must be assessed. If the patient
has no confidence in the post-operative care regimen, compliance will decrease.
An informed shared decision-making process is crucial to increase compliance and
thereby outcomes (3-5). Postoperative pain and disability can be misinterpreted by
patients, and consequently, they may refrain from active mobilization. Cognitive
training can help patients identify these errors and replace them with more positive
adaptive beliefs and reactions (53-55). By doing this we provide more individualized
post-operative care regimens to enhance compliance, satisfaction, and recovery.

Future perspectives
Although challenges remain, the work presented in this thesis has direct
implications on the treatment of ankle fractures and the way we assist our patients.
For many years, the physician’s personal preference dictated the post-operative
care regimen with little patient input and influence (38). The choice of postoperative care regiment might therefore not be optimal for each patient. Since
ankle fractures vary widely in pathogenesis and pathophysiology, treatment
decisions should be based on pathophysiology more so than personal preference.
By understanding the pathogenesis and pathophysiology of a fracture, physicians
can assess the intrinsic stability of an ankle fracture. This implies that intrinsically
stable fixated ankle fractures (supination external rotation injuries) may be eligible
for early-unprotected weight bearing as tolerated. Young and active patients
without relevant comorbidities, such as diabetes and osteoporosis, may experience
faster functional recovery with this regimen. Faster recovery leads to earlier return
to work and physical activities, thereby decreasing societal burden. By selecting
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the appropriate fracture for this postoperative treatment regimen, we can achieve
major benefits for the patient and society.
Patients should be able to take part in the decision-making process. With proper
patient counselling and insights into a patient’s psychosocial and cognitive status,
each patient can have an individualized post-operative care plan. For some, this
means intensive physical therapy; for others, cognitive training in addition to
physical therapy. The problem lies in identifying these patients with additional
needs. Due to limited time in the outpatient clinic, a thorough analysis of a patient’s
expectations, preferences, and cognitive status is challenging. Abbreviated
questionnaires and decision aids can help surgeons quickly identify a patient’s
mindset, expectations, and preference for treatment in a busy outpatient clinic.
To implement these changes in the care of patients with an ankle fracture, major
efforts are required from both the patients and physicians. However, providing
patients with more individualized care will improve outcome, disability, time to
functional recovery, and patient satisfaction.
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CHAPTER 12

In this thesis clinical studies and literature research were presented to assist
physicians in the decision-making process for treatment of orthopaedic trauma
patients

Part 1 - Classification of the patient
Pain and disability are often associated with physical factors such as stiffness and
movement patterns, and behavioral or psychological factors (e.g. fear, beliefs, stress,
depression, physical inactivity). As a result, (conservative) interventions can be
broadly categorized into physical, psychological or combined interventions. Pain
and disability are often misinterpreted by patients but also by physicians. Since
psychological factors are often undervalued, although they are important or even
the most important predictors of symptom intensity and disability.
Physical interventions usually aim to improve physical capacity. Behavioral and
psychologically informed interventions aim to improve behaviors, cognitions or
mood (e.g. relaxation and cognitive behavioral therapy). Combined interventions
aim to improve physical and psychological factors, contributing to patients’ pain
and helping them understand the pathophysiology of the pain.
The studies presented in this thesis can assist physicians in the decision-making
process for treatment of orthopedic injuries. The focus thereby lies on the
classification of both disease and patient characteristics. In other words, we should
both treat the physical and the psychological aspects of the patients’ disease.
In chapter 2 a prognostic cohort was presented to measure factors correlated
with the patient’s expectations and if their expectations were met after the
appointment with the physician. Higher pre-visit expectations were associated
with more depressive symptoms, lower pain self-efficacy, higher pain intensity, and
lower social economic status. Patients in the low and moderate met expectations
categories had significantly more symptoms of depression, and more disability
compared to those in the high-met expectations category.

12

Cognitive flexibility and psychological distress influence a patient’s expectations
and decision-making process. Cognitive flexibility is better known as a patient’s
mental ability to switch thinking between different concepts, adaptation and
resilience. In chapter 3 we showed that cognitive flexibility had no correlation with
patient disability or pain. However, there was a correlation between self-efficacy
and symptoms of depression and disability. This suggests that physicians should

200

English summary

focus more on improving a patients coping strategies rather than encouraging
one’s open mindedness.
Prior research has described that psychosocial factors such as symptoms of
depression and low pain self-efficacy correlate with pain intensity and magnitude
of limitations in patients with some musculoskeletal disorders. In chapter 4 we
presented a prognostic cohort exploring the correlation between pain self-efficacy,
depression and disability in patients with an ankle sprain. This study showed
that these psychosocial and coping factors explain more about the variation in
symptoms and limitations after ankle sprain than the degree of pathophysiology
such as pain, swelling and grade of the sprain.
Chapter 5 described the validation of an abbreviated 2-item questionnaire of the

pain self-efficacy questionnaire. Reduction of the number of questions of the
original PSEQ for screening purposes for patient self-efficacy will result in more
efficient screening and less burden for the patient and physician, making this a
more applicable tool in daily clinical practice.

Part 2 - Classification of the injury
Ankle injuries are the most frequent encountered injuries in the emergency
department of the lower extremity. Besides a fracture, a broad variety of ankle
ligaments can be affected. Therefore, proper assessment of an injury is of the
utmost importance to choose the appropriate treatment, and for prognostic
purposes. In the second part of this thesis we emphasized on the classification
and epidemiology of ankle injuries and explored its possible consequences for
treatment and prognosis.
Ideally a system for classification of injuries is easy to use in daily clinical practice.
The best classification system for describing ankle fractures is the Lauge Hansen
classification. However, the reproducibility of the Lauge Hansen classification is
mediocre with poor intra- and inter-observer variability. In chapter 6 we introduced
a new, more reliable more descriptive classification system for ankle fractures.
This new descriptive classification system showed better intra- and interobserver
variation in novice, semi expert and even in expert observers. To improve clinical
handoffs and reduce the limitations of current classification systems this descriptive
system is a useful alternative and can be further developed and implemented.
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In chapter 7 a retrospective cohort was described comparing ankle fractures in
mono and polytrauma patients. This study showed that polytrauma patients
suffer a different type of ankle fracture. Mono trauma patients predominantly had
supination external rotation or pronation external rotation whereas supination
adduction or pronation abduction injuries were mostly observed in polytrauma
patients. This implicates that mono and polytrauma patients experience different
fracture patterns, which could be directly linked to the differences in energy
transfer.
To further assess differences between patients, a large retrospective series of
patients with surgical fixation of an ankle fracture was described in chapter 8. We
described epidemiology and other factors such as fracture classification associated
with general and implant related complications. Complications are determined by
patient-, trauma- and treatment factors, not by the postoperative care regimen. Most
frequent encountered complications were wound infections (10.2%) and implant
failure (4.4%). Postoperative wound related complications were multifactorial and
depended on a combination of trauma-, patient- and treatment related factors. In
contrast, implant related complications occurred due to the interaction between
the type of fracture (classified according to the Lauge Hansen classification) and
subsequent surgical treatment, perhaps making this a more important quality
parameter.

12

In the systematic review and meta-analysis presented in chapter 9 of this thesis
the effectiveness and safety of currently used post-operative care regimens
after surgically fixed ankle fractures was presented. This meta-analysis showed
that 1) active exercises and 2) early weight bearing expedite return to work
and resumption of daily activities compared to immobilization and late weight
bearing. There was also preliminary evidence that immediate unprotected weight
bearing as tolerated was a safe post-operative care regimen resulting in quicker
recovery and return to work. This systematic review and meta-analysis resulted in
the study design presented in chapter 10. In this chapter we present the rationale
and design of a multicenter prospective randomized controlled trial comparing 1)
protected weight bearing, 2) unprotected non-weight bearing and 3) immediate
unprotected weight bearing as tolerated. Inclusion is based on both patient
and fracture characteristics, synergizing the work in the previous chapters, in an
attempt to tailor treatment.
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Dit proefschrift beschrijft een combinatie van klinische en literatuurstudies om
artsen bij te staan in de besluitvorming en behandeling van trauma patiënten.

Deel 1 – classificatie van de patiënt
Bij trauma patiënten worden pijn en lichamelijk ongemak vaak geassocieerd
met fysieke factoren zoals stijfheid en bewegingsbeperkingen, en psychosociale
factoren (bijvoorbeeld stress, angst en depressie). Behandelingen kunnen worden
onderverdeeld in een fysieke, psychologische en gecombineerde benadering
van de problemen. Pijn en ongemak worden vaak verkeerd geïnterpreteerd door
patiënten en artsen. Daarbij worden psychologische en psychosociale factoren
vaak ondergewaardeerd, terwijl ze belangrijke, zo niet de belangrijkste voorspellers
van symptomen en pijn zijn.
De standaard behandeling bij trauma patiënten is vaak een benadering van de
fysieke factoren. Een psychosociale benadering van klachten van patiënten is
gericht op het gedrag, cognitie en stemming van de patiënt. Bij een gecombineerde
benadering is de behandeling gericht op zowel fysieke als psychosociale factoren.
Hierbij worden de patiënten bijgestaan om de fysieke oorzaak en psychologie van
de pijn te begrijpen en hun inzicht hierin te verbeteren.
De studies in dit proefschrift helpen artsen in het besluitvormingsproces voor de
behandeling van trauma patiënten. De focus ligt daarbij op de indeling van zowel
het letsel zelf als specifieke psychologische kenmerken. Met andere woorden, we
moeten niet alleen de fysieke maar ook de psychologische aspecten van patiënten
behandelen.
In hoofdstuk 2 werd een prognostisch cohort beschreven. Hier werd gekeken naar
factoren (demografisch, psychisch of diagnose gerelateerd) die van invloed zijn
op de verwachtingen van de patiënt (voor het bezoek met de arts) en of er aan
hun verwachtingen voldaan was (na de afspraak met de arts). Hogere initiële
verwachtingen van de patiënt werden geassocieerd met meer depressieve
symptomen, lagere eigen-effectiviteit verwachting, hogere intensiteit van de
pijn en een lagere sociaal economische status. Patiënten waarbij aan weinig
verwachtingen werd voldaan hadden significant meer symptomen van depressie
en fysieke beperkingen in vergelijking met patiënten waarin in hoge mate aan de
verwachtingen was voldaan.
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Cognitieve flexibiliteit en psychische klachten zijn van invloed op verwachtingen
en besluitvorming van patiënten. Cognitieve flexibiliteit is beter bekend als het
vermogen van een patiënt om te schakelen tussen verschillende concepten en
opvattingen met betrekking tot zijn of haar behandeling. In hoofdstuk 3 hebben we
laten zien dat cognitieve flexibiliteit geen correlatie had met de fysieke beperkingen
en pijn. Er was wél een correlatie tussen eigen-effectiviteit verwachting en
symptomen van depressie en fysieke beperkingen. Dit suggereert dat artsen zich
meer moeten richten op het verbeteren van de coping-strategieën van de patiënt
in plaats van het stimuleren van ruimdenkendheid.
In eerdere studies is reeds aangetoond dat psychosociale factoren zoals depressieve
gedachtes en lage eigen-effectiviteit verwachting correleren met meer pijn en
mate van fysieke beperkingen bij patiënten met bepaalde musculoskeletale
letsels. In hoofdstuk 4 presenteerden we een prognostisch cohort om de correlatie
tussen pijn, eigen-effectiviteit verwachting, depressie en fysieke beperkingen
bij patiënten met een enkelletsel aan te tonen. Deze studie toonde dat deze
psychosociale factoren een groter deel van de symptomen en fysieke beperkingen
na enkelletsel verklaren dan de mate van pathofysiologie zoals pijn, zwelling en de
graad van enkeldistorsie.
Hoofdstuk 5 beschreef de validatie van een verkorte vragenlijst waarbij slechts 2

vragen van de pain self-efficacy questionnaire gebruikt werden. Vermindering van
het aantal vragen van het oorspronkelijke pain self-efficacy questionnaire voor
screening van de eigen effectiviteit verwachting leidt tot efficiëntere screening en
minder belasting voor de patiënt en arts.

Deel 2 – classificatie van het letsel
Enkelletsel is een trauma dat veel wordt gezien op de spoedeisende hulp en is het
meest voorkomende letsel van de onderste extremiteit. Naast een fractuur, kan er
een breed scala aan ligamentair letsel optreden. Een juiste beoordeling van het
letsel is daarom van essentieel belang om de gepaste behandeling te starten en om
de patiënt een correcte prognose te geven. In het tweede deel van dit proefschrift
werd de nadruk gelegd op de classificatie en epidemiologie van enkeltrauma.
Daarnaast werden de nabehandeling van verschillende typen enkelletsel en de
prognose daarvan onderzocht.
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Idealiter is een classificatiesysteem praktisch en makkelijk in het dagelijks gebruik.
Voor enkelfracturen beschrijft de Lauge Hansen classificatie de indeling van
fracturen het beste. Deze classificatie is echter slecht reproduceerbaar en heeft
een matige intra- en interobserver variabiliteit. In hoofdstuk 6 werd een nieuw en
betrouwbaarder systeem beschreven om enkelfracturen te classificeren. Dit
nieuwe systeem toonde betere variabiliteit tussen de verschillende beoordelaars
met een verschillend niveau van expertise. Deze puur beschrijvende classificatie
kan daarom als een nuttig alternatief worden gezien.
In hoofdstuk 7 werd een retrospectief cohort beschreven waarin mono- en polytrauma
patiënten met een enkelfractuur werden vergeleken. In deze studie werd getoond
dat bij deze patiënten met een verschillende trauma intensiteit ook andere typen
enkelfracturen werden gezien. Monotrauma patiënten hadden voornamelijk
supinatie-exorotatie en pronatie-exorotatie letsel terwijl supinatie-adductie en
pronatie-abductie verwondingen vooral gezien werden bij polytrauma patiënten.
Concluderend betekend dit dat mono- en polytrauma patiënten verschillende
typen fracturen doormaken. Dit is waarschijnlijk te wijten aan het verschillen van
krachten die tijdens het letsel op de enkel inwerken.
Om de verschillen tussen patiënten verder te kunnen beoordelen, hebben we
in hoofdstuk 8 een grote retrospectieve serie beschreven van patiënten met een
enkelfractuur na operatieve fixatie. We bekeken welke epidemiologische en fractuur
specifieke factoren, zoals classificatie, geassocieerd waren met postoperatieve
complicaties. Wondinfecties (10.2%) en uitgebroken osteosynthesemateriaal (4.4%)
waren de meest voorkomende complicaties. Aan een hogere kans op wondinfecties
lag vaak een combinatie van trauma-, patiënt- en “soort van behandeling”
gerelateerde factoren ten grondslag. Het type fractuur (geclassificeerd volgens
Lauge Hansen) was geassocieerd aan osteosynthese gerelateerde complicaties.

13

In hoofdstuk 9 werd een systematic review en meta-analyse gepresenteerd welke
de effectiviteit en veiligheid van verschillende nabehandelingen van operatief
gefixeerde enkelfracturen vergeleek. Deze meta-analyse toonde dat 1) actieve
enkel oefeningen en 2) vroege enkelbelasting zorgen voor een sneller herstel
en hervatting van de dagelijkse activiteiten in vergelijking met immobilisatie en
ontzien van de enkel. Er was tevens voorlopig bewijs dat vroege actieve mobilisatie
in combinatie met belasting van de enkel een veilige optie is als nabehandeling
met een sneller herstel. Deze systematic review en meta-analyse leidde tot de
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onderzoekopzet welke werd gepresenteerd in hoofdstuk 10. In dit hoofdstuk werden
de achtergrond en opzet van een multicenter prospectief gerandomiseerd
onderzoek beschreven. In dit onderzoek worden 3 nabehandelingen van operatief
behandelde enkelfracturen vergeleken bij een specifieke fractuur (supinatie
exorotatie) en patiënten populatie. Patiënten worden hierbij gerandomiseerd voor
1) beschermd mobiliseren met een loopgips, 2) onbeschermd mobiliseren zonder
enkelbelasting en 3) onbeschermde en belastte mobilisatie van de enkel.
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En dan nu het meest gelezen hoofdstuk van dit boek. Ik wil je dan ook bedanken
dat je de tijd hebt genomen om de hoofdstukken hiervoor aandachtig en kritisch
door te nemen. Als je naam hier niet genoemd wordt, toch bedankt!
Geachte Professor L.P.H. Leenen, beste professor, Heel veel dank dat ik mijn promotie
in Utrecht bij u kon starten. Uw kritische blik op de wetenschap hebben de studies
in dit proefschrift naar een hoger niveau getild. Veel dank voor uw begeleiding in
het tot stand komen van dit proefschrift. Ik hoop dat ik in de toekomst dan ook nog
veel van u mag leren.
Geachte Dr. Hietbrink, beste Falco, wat ben ik blij dat ik jou als een van mijn
directe begeleiders mocht hebben. De korte lijntjes die we onderhielden waarbij
onduidelijkheden altijd direct besproken konden worden. Ik sta iedere keer
weer versteld van de fantastische ideeën die jij hebt voor nieuwe projecten. Je
enthousiasme hierin is echt aanstekelijk. Dit heeft ertoe geleid dat ik gigantisch
veel van je heb geleerd en het een genot was onder jou onderzoek te doen. Je
vermogen om de zaken soms wat minder complex aan te pakken hebben mij
enorm gemotiveerd waarvoor heel veel dank!
Geachte Dr. Houwert, beste Marijn, Niet iedereen weet dat wij al way back gaan
tot in onze jeugd. Vanaf mijn aankomst in Utrecht heb je mij voorzien van gouden
adviezen en heb je me de juiste keuzes laten maken. Ik twijfelde dan ook geen
moment toen je met het aanbod kwam om een promotietraject te starten. Als ik af
en toe wat extra sturing nodig op privé of professioneel vlak, stond jij voor me klaar.
Dank je wel voor al je steun de afgelopen jaren, maar ook daarvoor. Ik heb gezien
met wat voor enorme energie en toewijding jij werkt. Dit maakt je een geweldig
begeleider. Ik kijk er dan ook naar uit om per 1 juli weer met je te mogen werken, en
hopelijk vergeet je niet dat ik nog altijd je goede adviezen kan gebruiken.
Geachte Dr. Verleisdonk, Beste Egbert-Jan, waar moet ik beginnen!? Wat heb ik een
heerlijke tijd gehad in het Diakonessenhuis. Je eindeloze energie en optimisme
hebben mij vanaf het begin geïnspireerd. Alle positieve verhalen die ik al had
gehoord voordat ik bij jou startte was geen woord van overdreven. Je wist het kleine
jongetje in Jan Paul in toom te houden en hielp me mijzelf verder te ontwikkelen
als dokter. Ik zie jou dan ook als een van mijn grote voorbeelden.
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Dear Professor Ring, dear David, It was a pleasure to work under your supervision
in Boston. With your endless enthusiasm, sometimes even inimitable, you thaught
me that “research is fun”. The speed, accuracy and input of your revisions of
manuscripts still freaks me out. But this has led to a very productive, but above all,
FUN time in Boston. Besides the prediliction of research we also share the love of
(Belgian) beers. I hope we’ll still get a lot of chances to raise the glass again!
Hooggeleerden Prof. Dr. De Jong, Prof. Dr. Edwards, Prof. Dr. Bleys, Prof. Dr.
Castelein, Prof. Dr. Borel Rinkes ben ik erkentelijk voor het zitting nemen in de
beoordelingscommissie van dit proefschrift.
Beste Diederik Smeeing, Diedje, we hebben heel wat uurtjes samen mogen werken
en een ontelbaar aantal aan enkelfoto’s doorgespit. Jij hebt daarbij de studies ook
fantastisch overgenomen, het resultaat zullen we binnenkort hopelijk samen
vieren met een biertje.
Beste Michiel, samen zijn we een soort Doctors without Borders. Overal in het
buitenland lukt het ons om samen te werken. In Kaapstad maar ook in Boston. Het
heeft geleid tot hele mooie ervaringen waarbij ik ons “huis” in Boston met PP wel
als absoluut dieptepunt zou willen noemen. Gelukkig wordt dit alles goedgemaakt
met eindeloos veel hoogtepunten. Ik hoop dan ook dat we naast onze buitenlandse
samenwerkingen ook in Nederland nog veel met elkaar mogen samenwerken.
Geachte Professor Vriens, beste Menno, Tijdens mijn oudste co-schap in het UMCU
heb ik je leren kennen. Na een kort uitstapje, of zoals jij het noemt “de BTA”, heb ik
mijn eerste stappen binnen de chirurgie gemaakt bij jouw Eline. Gelukkig kreeg
ik tijdens de nachtdiensten ook geregeld jou aan de telefoon voor overleg, zodat
ik het contact weer aan kon halen. Ik ben dan ook ontzettend blij dat we dat de
afgelopen jaren door hebben kunnen zetten en ik ben heel trots dat ik per 1 juli
onder je hoede mag worden opgeleid.
Alle chirurgen van het Diakonessenhuis. Dank jullie wel voor jullie vertrouwen en
inzet. Jullie hebben hebben een echte (volwassen) dokter van mij gemaakt. Ik kijk
met veel plezier terug op een fantastische tijd in het Diakonessenhuis, maar ook
buiten het Diak werden er fantastische borrels, diners en skireisjes georganiseerd.
Heel veel dank voor een fantastische tweeënhalf jaar.
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Assistenten in het Diakonessenhuis, oud collega’tjes, wat hebben we een heerlijke
tijd gehad in het Diak. Naast de eenzame nachtjes in Zeist gelukkig ook heel veel
meer mooie momenten om op terug te kijken. Ik ben trots dat ik daar deel van
uit heb mogen maken. Ik hoop dat we in de toekomst nog vaak een borrel zullen
drinken.
Alle gipsverbandmeesters van het Diakonessenhuis. Bedankt voor de samenwerking
de afgelopen jaren. Zonder jullie hulp waren de studies nooit succes geweest,
helaas moest ik wel wat vaker gaan sporten om alle chocolade en zure matten
weer te verbranden.
Mijn buddies op de flexplekken: Martijn Hulsmans, Anne Kuijer, Marleen Roos,
Steven Ferree, Charlotte Voorbrood, Akke Pronk, Karlijn Schulkes en ook jij nog
Anandi Schiphorst. De eeuwige zoektocht naar een streepje WIFI in het diak is
nog steeds niet geëindigd. Het was elke dag weer genieten met jullie, vooral de
zorgvuldig geplande uitstapjes naar het Nespresso apparaat waren een heerlijke
afwisseling van het beeldscherm.
Al mijn collega’s in het Meander Medisch Centrum, wat heb ik een geweldige tijd
in het Meander gehad. Gelukkig is die tijd nog niet ten einde en mag ik in 2018 het
team weer komen versterken.
Geachte Dr. Consten, Beste Esther, sinds mijn aankomst in het Meander voelde
ik mij als een vis in het water. Ik dank je voor de onvoorwaardelijke steun en
geweldige adviezen die ik van je heb mogen ontvangen. Ik ben dan ook trots dat
ik binnenkort weer terug mag komen in het Meander voor mijn opleiding en de
hele enchilada die daar bij hoort.
Een grote dank gaat uit naar alle chirurgen die het mogelijk hebben gemaakt om
de WOW! Studie uit te voeren. Dr Segers, Dr. Hoogendoorn, Dr. van der Zwaal, Dr.
Van Zutphen, Dr. Lansink en Dr. Twigt. Dank voor jullie inzet
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All the colleagues from the Orthopaedic Hand Service at MGH, better known as
the research factory. Thanks for a wonderful time in Boston. Raj, I will never forget
our countless hallway conversations waiting to include a new patient. You learned
a great deal of Dutch sarcasm, I hope you came through and finally got that pair of
euro skinny jeans. Steeph I still envy how you managed to get the best office, while
Arjan had to stakeout in a closet. And my apologies to the whole department for
making the whole back office smell like grilled cheese every single day…
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Beste Dr. Dijkgraaf, Beste Marcel AKA. the magician. Ik heb vele middagen naar jou
onnavolgbare statistische oplossingen en tovertrucjes mogen luisteren. Vaak werd
ik nog verder met m’n kluitje het riet ingestuurd. Het toppunt kwam toen je me
op nieuwjaarsdag belde met de mededeling: “we gaan het even helemaal anders
doen”. Heel wat laatste uurtjes stress heeft dat nog opgeleverd, maar bedankt dat
je me hebt begeleid door het statistische doolhof!
En dan, tja een eindeloze dank gaat ook uit naar alle secretaresses en polidames
van het Diakonessenhuis. Door jullie gezelligheid zit ik nu met een serieuze cafeïne
verslaving. Een speciale dank gaat ook uit aan Martine en Jantine, overal was altijd
een oplossing op te bedenken, maar ik blijf overtuigd van mijn onschuld in het
grote plakbandrol debacle.
De mannen van Jaarclub Slipper. Dank voor alle mooie avonden weekenden
en een prachtige reis door Mozambique en Zimbabwe. Dat er nog vele mooie
momenten mogen volgen.
Alle huisgenoten en oud-huisgenoten van de Oudegracht 345-345. Met een
schorre kuch voor Eddie uiteraard.
Faas, Maat met hoofdletter M. Je staat altijd voor me klaar en daar ben ik je eeuwig
dankbaar voor. Ik ben enorm dankbaar dat zulke goede vrienden zijn. Ik hoop dat
er nog vele jaren mogen volgen
Lieve Joke, Als ik mensen moet uitleggen dat ik tot mijn 17e een oppas had klinkt
dat altijd een beetje raar. Mensen begrijpen het pas echt als ik uitleg dat jij sinds
mijn geboorte een belangrijk deel van mijn leven bent. Ik zie jullie nog altijd mijn
surrogaat ouders. Mijn heerlijke en onbevangen jeugd heb ik mede aan Frits en jou
(en je spareribs) te danken.
Beste Paranimf, beste Robbert Hendriks AKA Henny Peerhard, staat het eindelijk een
keer op papier. Ik hoop dat je nu eindelijk deze naam ook een keer gaat bewijzen
en niet weer vroegtijdig moet afhaken. Henny, ik mag me gelukkig prijzen met zo’n
goede vriend, mooi dat je naast me staat!
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Beste paranimf, beste Jan van Iersel, vanaf ons eerste jaar in Utrecht waren we al
maatjes. Op de achterste collegebanken, vaak een beetje te brak. Door naar onze
coschappen maar ook tijdens onze promoties staan we weer naast elkaar. Jij weet
altijd weer leven in de brouwerij te krijgen door een knalletje peukie, een propeller
petje of door simpelweg eventjes van het uitzicht te genieten. Ik ben blij dat wij de
komende jaren in regio Utrecht nog samen mogen werken. Ik ben er dan ook zeker
van dat we later ook een keer samen aan de operatietafel staan.
Alle vrienden, familie en collega’s die ik nog niet heb genoemd of per ongeluk
vergeten ben. Ik hoop dat jullie meer van dit boek lezen dan alleen dit hoofdstuk,
alhoewel ik uit ervaring weet dat ik het bij die hoop moet houden. Jullie zijn altijd
een welkome afleiding van werk en onderzoek.
Lieve Oma Rita, met uw 95 jaren ben ik enorm trots dat we dit mooie moment
samen kunnen vieren.
Lieve Martijn en Lita, tja Martijn, wat baal ik ervan dat jij altijd sterker dan ik bent
gebleven. Mijn grote bek heeft me dan ook geregeld geheel terecht een blauw
oog opgeleverd. Maarja, ik haalde er dan ook bij niemand anders zoveel genoegen
uit om het bloed onder de nagels te halen. Gelukkig zijn we de afgelopen jaren
beiden ook volwassen geworden en staan we nu samen als een sterk blok. Bedankt
dat je me altijd zo snel weer vergeeft als ik weer een ettertje ben en jij en Lita altijd
voor me klaar staan. Je bent echt een topper, en dat had Lita gelukkig ook al heel
snel door. Een betere broer had ik niet kunnen wensen
Lieve pap en mam, jullie dank je wel voor jullie onvoorwaardelijke steun. De
adviezen worden misschien niet altijd ter harte genomen, maar wat dat betreft
valt de appel niet ver van de boom. Ook al zijn we het typische gezin met alleen
maar dokters, hebben jullie ons altijd alleen maar gestimuleerd om verder te kijken
en ons te verbreden. Ik ben ontzettend blij dat jullie mij die kans altijd hebben
gegeven, waarbij kosten noch moeite werden gespaard.
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