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Introduc� on

This thesis describes free falls, staircase falls, fall in older people, fall related 
injury and its complica� ons. The nine chapters are classifi ed in three parts. In 
part one, three studies on fall related skeletal injuries are grouped with the 
thrombo-embolic complica� ons because the type and dura� on of thrombosis 
prophylaxis strongly depends on the loca� on of the skeletal injury. In part two, 
fall related abdominal injuries are described, together with a systema� c review 
on the open abdomen in pa� ents with abdominal trauma. Part three includes 
three studies that describe the use of the CAREFALL Triage instrument. 

On Fall-related Skeletal Injury and Thrombo-embolic Complica� ons
Falls are the most common cause of injury in western countries. Yet li� le has 
been described about the epidemiology, pa� erns, and severity of fall-related 
injury. One of the reasons for this lack of data may be that falls are hetero-
geneous. Examples are slips and trips, staircase falls, or free falls (inten� onal 
or uninten� onal). Another reason may be that falls are very diffi  cult to study 
prospec� vely. Therefore, unless the trauma mechanisms are structurally as-
sessed at the Emergency Department, a study on falls relies heavily on re-
trospec� ve recordings (ED charts) of the falls. In addi� on, when the trauma 
mechanism is assessed in a structured way, these data are not always linked 
to the data on hospital stay and treatment. The result is that the circumstan-
ces surrounding the fall are largely unknown or not linked to addi� onal pa-
� ent data. Therefore, it is unknown what people are par� cularly at risk and 
which injuries they sustain. In Chapter 1 we describe high risk groups and 
injury characteris� cs in staircase falls. 
U-shaped sacral fractures are rare injuries that result from high energy axial loa-
ding (most commonly a fall from height). Not only do they have a low prevalence, 
their nature and associated injuries are heterogeneous. The combina� on of ra-
rity and heterogeneity makes these injuries, their treatment, and the follow-up 
poten� ally diffi  cult to assess. However, the severity and heterogeneity oblige us 
to further assess these injuries. The injury characteris� cs, treatment, and fol-
low-up of pa� ents with a U-shaped sacral fracture is described in Chapter 2. 
Calcaneal fractures are more prevalent than U-shaped sacral fractures. Des-
pite this, there is no evidence for the op� mal treatment. There is a trend to-
wards opera� ve treatment, primarily in dislocated fractures. We believe that 
opera� ve treatment is preferred for dislocated fractures of the calcaneus. 
Over the years, our hospital, the Academic Medical Center (Amsterdam), has 
gained a wide experience in the Open Reduc� on and Internal Fixa� on (ORIF) 
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of dislocated calcaneal fractures. It has become a referral center for the re-
gion. Despite the seemingly sa� sfying results, there are no detailed data of 
how pa� ents live and func� on a� er ORIF of the calcaneus. Assessing the 
quality of life and func� onal outcome improves the understanding and care 
for these pa� ents. In Chapter 3 we evaluate the quality of life and func� onal 
outcome of pa� ents who have received opera� ve treatment for a dislocated 
calcaneal fracture. 
Fall related injury may give rise to a number of complica� ons. One of the 
most important complica� ons following skeletal injury is a Venous Throm-
boembolism (VTE). These VTE can be divided into Deep Venous Thrombosis 
(DVT) and Pulmonary Embolism (PE). VTE may occur in a pa� ent a� er injury 
with or without subsequent immobiliza� on. The prevalence of VTE in trauma 
pa� ents is high. However, the preven� on of VTE in trauma pa� ents presents 
a dilemma. Trauma pa� ents are at risk of VTE without prophylaxis and at risk 
of bleeding when given an� coagulants. The prophylaxis of VTE in many am-
bulant pa� ents is subject to debate because thrombosis is frequently asymp-
toma� c. Because the clinical diagnosis of DVT is unreliable, the clinical sig-
nifi cance of VTE prophylaxis is some� mes ques� oned. For all clinicians who 
treat trauma pa� ents it is important to be fully informed about the benefi ts 
and harms of thrombosis prophylaxis. Chapter 4 is an evidence based tool 
for the prophylaxis of VTE in each type of trauma pa� ent.

On Fall-related Abdominal Injury and Abdominal Complica� ons.
The pa� ern of fall related injury diff ers from other causes of blunt trauma. 
Severe injuries commonly happen to the head, followed by the chest and 
abdomen. However, most reports are about skeletal injuries, and not about 
the abdomen. This is surprising because the prevalence of abdominal injuries 
a� er fall from height may be up to 20%. The prevalence of abdominal 
injuries in the pa� ents that are treated at our hospital is unknown. Knowing 
the prevalence and nature of the most common abdominal injuries may aid 
early diagnosis and treatment in pa� ents a� er a fall from height. In Chapter 
5 we describe abdominal injuries following free falls from height. 
Any abdominal trauma, including fall related injury, may be complicated by 
other condi� ons. One of the most severe complica� ons following surgical 
treatment of abdominal trauma is the ‘open abdomen’. The open abdomen 
is a feared complica� on in any pa� ent with abdominal trauma or infec� on. 
It is defi ned as ‘the inability to primarily close the abdominal fascia a� er 
laparotomy’. When the fascia cannot be closed primarily it can be closed 
temporarily. Temporary abdominal closure is meant to cover and protect the 
bowel. It should allow the swelling to decrease before the fascia is to be closed. 
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Several techniques are available for temporary closure of the abdomen. At 
the end of the temporary abdominal closure period, preferably the abdomen 
must be closed primarily. The rate of successful primary fascial closure 
a� er temporary closure varies between diff erent techniques. However, it is 
unknown which technique has the highest rate of fascial closure. In Chapter 
6 we describe the search for the op� mal treatment in pa� ents with an open 
abdomen by means of a systema� c review of the literature. 

The CAREFALL Triage Instrument 
Falls cause injury in many thousands of older people annually in the 
Netherlands. In addi� on, one in four fall related Emergency Department 
(ED) visits results in hospital admission. Over the years there have been 
many studies on fall-preven� on. These studies have lead to mul� ple 
diff erent guidelines. These guidelines focus on mul� factorial assessment and 
interven� on to reduce the risk of falling. Despite these great eff orts, however, 
the guidelines tend to be paper � gers. They have not been transformed into 
ques� onnaires that can be used to actually prac� ce fall-preven� on. There 
is no valid instrument for screening older pa� ents and assess the risk of 
recurrent falls. The CAREFALL Triage Instrument (CTI) was developed to bring 
the evidence into daily prac� ce: as a ques� onnaire for the older people who 
visit the Emergency Department (ED) a� er a fall. However, before the CTI 
could be used, the authors had to make sure that it measures what it should 
measure. In other words, the CTI had to be validated. The construc� on and 
valida� on of the CAREFALL Triage Instrument is described in Chapter 7.
Despite the fact that many people visit the ED, there may be many more people 
who do not visit the ED a� er a fall. This may be either because they sustain 
li� le or no injury, or because the injury they sustained happened to be lethal. 
It is unknown how many people suff er from recurrent falls and if0 they have 
the same risk factors for recurrent falling as the ED pa� ents. Furthermore, it is 
unknown if the CTI is also a valuable tool for secondary fall-preven� on in this 
popula� on. In Chapter 8 we describe how we used the CTI as an instrument 
for secondary fall-preven� on in community-dwelling older people. 
In all older people, but specifi cally in women, the incidence of osteoporosis 
increases drama� cally a� er the menopause. Therefore, the risk of sustaining a 
fracture increases. The risk of osteoporosis of a fracture can be es� mated using 
several algorithms. Osteoporosis can also be measured with devises such as the 
‘Dual-energy X-ray and Laser Absorp� ometry (DXL)’ calcaneus scan. However, 
it is unknown if these two methods correlate with each other. The correla� on 
of the es� mated fracture risk of the CTI and Osteoporosis guideline with the 
measured of the DXL calcaneus scan is described in Chapter 9.
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Chapter 1

Staircase Falls; high risk groups and
injury characteris� cs in 464 pa� ents

P. Boele van Hensbroek, S. Mulder, J.S.K. Luitse
M.R. van Ooijen, J.C. Goslings

Injury. 2009 Aug;40(8):884-9 
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Abstract

Background
Few data are available about the epidemiology and injury characteris� cs in 
staircase falls. The available literature mainly concerns children and autopsy 
studies.

Objec� ve
This study aimed to describe the epidemiology and injury characteris� cs of 
staircase falls, and to iden� fy high risk groups for these falls.

Methods
All pa� ents who reported to an Academic Emergency Department in 2005 
a� er a staircase fall were selected in the Dutch Injury Surveillance System. 
These data were linked to the hospital trauma registry database.

Results
Four hundred and sixty-four pa� ents (42% male, p=0.001), with a median 
age of 35 years were included. Children under fi ve suff ered signifi cantly more 
head injuries. Male pa� ents showed signifi cantly more thoracic injuries than 
female pa� ents. Spinal column fractures were only seen in pa� ents over 25 
years of age. Older pa� ents tended to accumulate more rib fractures and 
lower extremity fractures and were admi� ed more frequently than the 
younger pa� ents. Sixty-one pa� ents (13%) required admission. Two pa� ents, 
both with severe Trauma� c Brain Injury (TBI), died. Na� onal data on staircase 
falls were comparable with our hospital data. However, in comparison to the 
na� onal popula� on data, senior ci� zens in this study had an incidence that 
was markedly higher than in the younger pa� ents.

Conclusion
Injuries due to staircase falls occur in all age groups, however, children under 
fi ve years are rela� vely overrepresented with higher rates of head injury. 
Senior ci� zens showed a markedly higher incidence than younger pa� ents. 
Most injuries occur to the distal extremi� es and are rela� vely mild. 
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Introduc� on

Data about the epidemiology, pa� ern, and severity of injury in staircase 
falls are only scarcely available.1,4,6-8,10,11,16 This may be in part due to the 
fact that people with minor injury or on the other end of the spectrum, 
fatal injury do not report to the Emergency Department (ED). The available 
literature shows that children under fi ve years old are par� cularly at risk.6, 

10,11 In addi� on, the risk of falling seems to increase with age, becoming a 
problem in senior ci� zens.1 An important risk factor among senior ci� zens 
seems to be decreased self-confi dence while taking the stairs.7,8 Alcohol has 
also been described as a risk factor in staircase falls.4 It has been suggested 
that chronic alcohol abuse (with associated liver disease) may predispose to 
increased bleeding a� er (brain) injury.16 However, these fi ndings are partly 
contradicted by a study that found a signifi cantly lower mortality rate in 
alcohol intoxicated pa� ents.3 
In Amsterdam, many houses are no more than four stories high and were 
constructed during the fi rst half of the 20th century. Many are not equipped 
with elevators and staircases can be steep and clu� ered. It can be hypothesized 
that this results in more staircase fall-related ED visits. In the Netherlands, 
compara� ve data on staircase falls at local and na� onal level are currently 
not available to extrapolate the possible similari� es and dissimilari� es in 
these data based on architecture. 
Moreover, no hard data is available on the true incidence of staircase fall-
related ED visits per age group. Such data would be important for guiding 
future preven� on programs.

Objec� ve

The aim of this study was to describe the epidemiology and injury pa� ern 
among pa� ents with staircase falls repor� ng to the ED of a hospital and to 
compare these data with those available at the na� onal level. In doing so, we 
a� empted to gain further insight into the problem of staircase falls thereby 
helping to create a guide for future preven� on programs. 

Ethics approval
The Ins� tu� onal Research Board approved of this study.  
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Methods

Study design
This was a retrospec� ve cohort study that was supplemented by a comparison 
to the na� onal data. 

Hospital se�  ng
This study was executed in a ter� ary university teaching hospital that serves 
as one of two Level-1 Trauma Centers in a region with approximately 2.8 
million inhabitants. Annually, 32,000 pa� ents visit the ED. The trauma team 
is alerted approximately 600 � mes each year for (poten� ally) severely 
injured pa� ents. Of these, 150 to 200 pa� ents are indeed severely injured 
(Injury Severity Score >15). Annually, approximately 1250 trauma pa� ents 
are admi� ed to the hospital.

Injury surveillance
For the purpose of this study, two injury databases were combined. The 
fi rst database was the Dutch Injury Surveillance System (LIS, Dutch: Letsel 
Informa� e Systeem). The LIS is managed by the Consumer Safety Ins� tute 
(CSI, Dutch: S� ch� ng Consument en Veiligheid). The LIS database was started 
in 1983 and currently records all injury related ED visits in fourteen hospitals 
in the Netherlands, in both urban and rural areas. These data are extrapolated 
to the whole of the Netherlands using a set of mathema� cal models. Further 
analysis of these LIS models has shown them to be representa� ve for all 
ED’s in the Netherlands. Our hospital is one of the fourteen hospitals that 
par� cipate in the LIS. 
The second database that was used was the hospital Trauma Registry. This 
is a permanent registra� on of all trauma pa� ents (with or without trauma 
team ac� va� on) who are admi� ed to the Level-1 Trauma Center. The 
Trauma Registry database contains detailed data on the prehospital phase, 
resuscita� on, vital signs, type and severity of injury, treatment and outcome 
of pa� ents (Major Trauma Outcome Study (MTOS)+ dataset). 

Data extrac� on 
Pa� ents who visited the ED in our hospital because of a staircase fall in 2005 
were selected in the LIS. The LIS data were linked to the Trauma Registry 
database by means of the unique A&E number that was recorded in both 
databases. The trauma mechanism was manually confi rmed (MRvO and PBvH) 
in the medical records of all selected pa� ents. Several relevant variables (e.g. 
height of the fall, alcohol intoxica� on, and suspicion of child abuse) were not 
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recorded in either database. These data were retrieved from the medical 
records. The height of the fall was recorded in number of steps. When the 
fall height was reported in meters, the number of meters was divided by 0.21 
meter (average rise of a step) to calculate the number of steps. 
According to Interna� onal Standards, Trauma� c Brain Injury (TBI) was 
defi ned as a non-degenera� ve, non-congenital insult to the brain by an 
external mechanical force, possibly leading to permanent or temporary 
impairments of cogni� ve, physical, and psychosocial func� ons with an 
associated diminished or altered state of consciousness.13 

Na� onal data
The 2005 na� onal data on staircase falls were calculated for us by the LIS. 
The na� onal data were compared to the local data on staircase falls. In order 
to calculate the incidence of staircase fall-related A&E visits, the na� onal 
LIS data were divided by the total number of inhabitants in the Netherlands 
in 2005. These data were adopted from the Sta� s� cs Netherlands (Dutch: 
Centraal Bureau voor de Sta� s� ek; CBS) website.14 

Sta� s� cal analysis
Data were analysed using SPSS version 14.0.2. The main outcome measure 
was descrip� on of age and sex distribu� on of those presen� ng to the ED with 
staircase falls injury and their injury pa� erns. The length of stay in the ED and 
in hospital and its correla� on with age, sex, and injury pa� ern is also reported. 
Comparison of our study data was done with the na� onal data to understand 
the diff erences in the distribu� on. Sta� s� cal signifi cance was assessed using 
the Chi2, Fisher’s exact, and Mann-Whitney U tests as appropriate. Correla� ons 
were assessed using the Pearson and Spearman correla� ons as appropriate. In 
order to compensate for mul� ple tes� ng, diff erences were considered to be 
signifi cantly diff erent when the p-value was less than 0.01.

Results

Pa� ents
In 2005, 30,991 pa� ents visited our ED. Of these 30,991; 464 pa� ents (1.5%) 
reported a staircase fall. There were 193 men and 271 women (p=0.001). The 
median age was 35 years (range, 0-91 years) and did not diff er between men 
and women. Children under 5 years cons� tuted the largest pa� ent group 
(n=60, 12.9%). The number of pa� ents who reported to the ED decreased 
markedly a� er 60 years (Figure 1). 
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Most pa� ents (n=373; 80%) were self-referred and 71 pa� ents (15%) were 
brought in by ambulance. Other pa� ents were referred by their family 
physician (n=8), another hospital (n=1), or the Radiology Department (n=11). 
Pa� ents who were brought in by ambulance were signifi cantly older than the 
other pa� ents (median 51 years versus 33 years; p<0.001)). Furthermore, 
these pa� ents had sustained signifi cantly more TBI (p<0.001), spinal fractures 
(p<0.001), and lower extremity fractures (p=0.006).
The height of the fall was reported in 142 pa� ents (31%), and ranged from 
1 to 25 steps (median, 4 steps). Most of these pa� ents (67%), however, fell 
from six steps or less. The blood alcohol level was tested in 15 pa� ents (3%), 
eleven of whom showed detectable blood alcohol levels which ranged from 
1.31 to 3.31 mg/ml.
Two pa� ents died; one was an 87 year old woman and the other was a 36 
year old man. Both pa� ents suff ered severe TBI form their fall. The height of 
the fall by these pa� ents, however, remained unknown.

Women 
n 

(%) Men 
n 

(%) Total 
n 

Facial injury 28 10.3 9 4.7* 37

facial fracture 1 0.4 1 0.5 2

Cranial fracture (vault or skull base) 4 1.5 1 0.5 5

TBI 15 5.5 11 5.7 26

mild 10 3.7 9 4.7 19

moderate 1 0.4 0 0 1

severe 4 1.5 2 1.0 6

Neck injury 1 0.4 2 1.0 3

Upper extremity fracture 33 12.2 27 14.0 60

wrist fracture 9 3.3 7 3.6 16

carpal or metacarpal fracture 8 3.0 5 2.6 13

Thoracic injury 12 4.4 22 11.4** 34

rib fracture 5 1.8 10 5.2 15

Abdominal injury 2 0.7 0 0 2

Spinal column fracture 3 1.1 6 3.1 7

cervical fracture 2 0.7 2 1.0 2

thoracic fracture 1 0.4 3 1.6 4

lumbar fracture 0 0 1 0.5 1

Lower extremity fracture 33 12.2 11 5.7*** 44

ankle fracture (tibia or fibula) 9 3.3 4 2.1 13

tarsal or metatarsal fracture 13 4.8 4 2.1 17

Table legend: TBI: Traumatic Brain Injury; Strong trend at P=0.026; ** Significant at P=0.005; *** Strong trend at P=0.019.

Table 1. Distribu� on of injuries over the two sexes.
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Fall-related injury
The distribu� on of injuries is shown in Table 1. Six pa� ents sustained mul� ple 
facial injuries. All fi ve with skull fractures also sustained TBI. There was a 
strong trend towards more facial injuries in women. The most common 
fractures were fractures to the upper extremi� es (n=60; 13%). Wrist and 
hand fractures were the most common upper extremity fractures (n=29; 
48%). Male pa� ents showed signifi cantly more thoracic injury than female 
pa� ents. There was a strong trend towards more lower extremity fractures 
in women. Most lower extremity fractures were located in the ankle or foot 
(n=30; 68%). Table 2 shows the distribu� on of injuries over the diff erent 
age groups. This table shows that spinal column fractures were only seen in 
pa� ents over 25 years of age (p=0.009; SCC: 0.122). It further shows that rib 
fractures (p=0.003; SCC: 0.139) and lower extremity fractures (p<0.001; SCC: 
0.209) were signifi cantly more common in older pa� ents than in younger 
pa� ents. Advancing age was signifi cantly associated with rib fractures. 

< 5 years 5-14 years 15-24 years 25-44 years 45-64 years 65+ years Total 

n (%) n (%) n (%) n (%) n (%) n (%) n

Facial injury 11 18.3 3 8.3 4 5.7 6 4.5 8 7.1 5 9.4 37

facial fracture - - - - - - - - 1 0.9 1 1.9 2

Cranial fracture (vault or skull base) 1 1.7 - - - - 1 0.8 3 2.7 - - 5

TBI 6 10.0 1 2.8 - - 4 3.0 9 8.0 6 11.3 26

mild 6 10.0 1 2.8 - - 3 2.3 5 4.5 4 7.5 19

moderate - - - - - - - - - - 1 1.9 1

severe - - - - - - 1 0.8 4 3.6 1 1.9 6

Neck injury - - - - - - - - 1 0.9 2 3.8 3

Upper extremity fracture 8 13.3 6 16.7 2 2.9 12 9.0 22 19.6 10 18.9 60

wrist fracture 2 3.3 - - - - 1 0.8 10 8.9 3 5.7 16

carpal or metacarpal fracture - - 2 5.6 1 1.4 4 3.0 4 3.6 2 3.8 13

Thoracic injury 1 1.7 2 5.6 7 10.0 5 3.8 14 12.5 5 9.4 34

rib fracture - - - - 1 1.4 3 2.3 10 8.9 1 1.9 15

Abdominal injury - - - - - - 2 1.5 - - - - 2

Spinal column fracture - - - - - - 3 2.3 3 2.7 3 5.7 9

cervical fracture - - - - - - 1 0.8 2 1.8 1 1.9 4

thoracic fracture - - - - - - 1 0.8 1 0.9 2 3.8 4

lumbar fracture - - - - - - 1 0.8 - - - - 1

Lower extremity fracture - - 3 8.3 2 2.9 10 7.5 20 17.9 9 17.0 44

ankle fracture (tibia or fibula) - - 2 5.6 - - 2 1.5 9 8.0 - - 13

tarsal or metatarsal fracture - - 1 2.8 1 1.4 7 5.3 7 6.3 1 1.9 17

Table legend: TBI: Traumatic Brain Injury.

Table 2. Distribu� on of injuries over the diff erent age groups.
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A&E stay 
The median length of stay at the ED was 90 minutes (IQR, 56 - 149 minutes). 
The variables that correlated signifi cantly with the length of ED stay are listed 
in Table 3. 

Hospital and Intensive Care Unit (ICU) admission 
Sixty-one pa� ents (13%) required admission for further observa� on or 
(opera� ve) treatment. There were 26 female and 35 male pa� ents with a 
median age of 54 years (IQR, 37 - 65 years); no pa� ents between 12 and 35 
years required admission. The median length of stay in the hospital was three 
days (range 1 to 58 days). Table 3 shows that older pa� ents (45+) required 
longer A&E and hospital stay than the younger pa� ents did. Furthermore, 
pa� ents with TBI and cervical fractures required both a longer ED stay and 
hospital stay. In addi� on, both the ED stay and the hospital stay in pa� ents 
with ankle fractures was longer that in the other pa� ents. Seven pa� ents 
required admission to the ICU for a median period of four days (range, 1 to 
12 days). Advancing age (p=0.007; Spearman Correla� on Coeffi  cient (SCC): 
0.132), TBI (p<0.001; SCC: 0.615), and rib fractures (p<0.001; SCC: 0.183) 
correlated with the length of ICU stay. 

Patients ED stay Hospital stay

Variable n min
(med)

IQR P-value SCC n % P-value SCC

age < 5 years 60 75* 53-107 0.006 -0.138 9 15.0 0.766 0.015

5 – 14 years 36 97 53-150 0.973 0.002 4 11.1 0.570 0.029

15 – 24 years 70 75* 47-108 <0.001 -0.181 0

25 – 44 years 133 95 56-155 0.088 -0.085 7 5.3* 0.002 -0.162

45 – 64 years 112 120 70-201 <0.001 0.204 26 23.3 0.001 0.177

65+ years 53 148 75-214 <0.001 0.195 15 28.3 <0.001 0.195

CGS 464 0.274 -0.051 <0.001 -
0.394**

TBI 26 153 88-181 0.004 0.142 22 84.6 <0.001 0.510

cervical spine fracture 4 285 224-320 0.002 0.156 4 100 <0.001 0.259

wrist fracture (radius or ulna) 16 174 131-249 <0.001 0.198 3 18.8 0.387 0.045

carpal or metacarpal fracture 13 194 152-259 <0.001 0.176 0 0.188 -0.045

lower leg fracture (tibia or fibula) 7 171 101-225 0.101 0.082 4 57.1 0.001 0.178

ankle fracture (tibia or fibula) 13 158 121-236 0.001 0.162 6 46.2 0.003 0.153

Table legend: ED: Emergency Department; min: minutes; med: median; IQR: Inter quartile range; SCC: Spearman correlation coefficient; 
GCS: Glasgow Coma Scale; TBI: Traumatic Brain Injury; * Stay shorter than rest of cohort;** Lower GCS means longer stay.

Table 3. Variables that correlated with the length of stay at the Emergency Department 
and/or length of hospital stay.
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Child abuse
Of the 109 children (i.e. less than 18 years old), 77 children (71%) were 
evaluated for child abuse. In 3 children (4%), the suspicion of child abuse 
was raised. In one of these cases the a� ending pediatrician was no� fi ed to 
further evaluate the case. 

Children under fi ve years old
As shown in Figure 1, 13% of the pa� ents with fall-related injury were under 
fi ve years of age and 62% of them were girls. Injuries to the head were 
signifi cantly more common in this group (p<0.001; SCC: 0.312). However, 
most of these children (76%) sustained superfi cial head injuries. None of the 
children suff ered abdominal injury. They suff ered signifi cantly less injury to 
the lower extremi� es (p<0.001; SCC: -0.283) than older pa� ents. 

Na� onal staircase falls
In 2005, approximately 31,000 pa� ents with staircase fall-related injuries 
presented to the ED’s in the Netherlands. Similar to the local cohort, children 
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Figure 1. The staircase fall-related Emergency Department visits per 4-year age group (as 
a percentage of the total number of staircase fall-related Emergency Department visits) as 
reported in LIS and in the local cohort.
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under fi ve years cons� tuted the largest pa� ent group. Furthermore, the age 
distribu� on in the local cohort was the same as on the na� onal level (Figure 
1). The incidence of ED visits was markedly higher in senior ci� zens then in 
the younger pa� ents. Moreover, people over 80 years old had a 20% higher 
chance of a staircase fall-related ED visit than people between 20 and 40 
years old (Figure 2). 

The loca� on of the falls is shown in Figure 3. Falls most o� en occur at home. 
However, in the local cohort most pa� ents did not report the loca� on of the 
fall.

The top 10 injuries were the same in the local cohort as in on the na� onal 
level (Figure 4). However, within the top 10 there were diff erences between 
the local cohort and the na� onal level. Wrist, thoracic, and facial injuries 
were rela� vely more prevalent in the local cohort whereas foot and brain 
injuries as well as injuries to the hairy cranium were more prevalent on the 
na� onal level.
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Discussion

This study shows that injury from staircase falls occurs in all age groups, 
however, young children and senior ci� zens are par� cularly at risk. 
Furthermore, it shows that most injuries occur in the distal extremi� es and 
are rela� vely mild; however, severe TBI and death do occur. 
Although many people report to the ED due to injury they sustained in a 
staircase fall, the real number of staircase falls is likely to be much higher. 
This is because pa� ents with minor or no injuries as well as pa� ents with fatal 
injuries have not been evaluated in this study.16 The present cohort shows an 
age distribu� on that is similar to that that has been reported in pa� ents who 
have fallen from great height.12 The gender distribu� on, however, is similar to 
reports from older pa� ents who have sustained a low fall. Therefore, this study 
popula� on seems to be a mixture of low-energy falls and falls from height.
Some ar� cles have described the role of (chronic) alcohol abuse in staircase 
falls16. The blood alcohol level in this series, however, was determined in very a 
limited number of pa� ents. Blood alcohol examina� on is not a standard test in 
our hospital for this situa� on. The blood alcohol level in the eleven pa� ents in 
whom it was tested ranged from 2.6 to 6.6 � mes the maximum legally allowed 
for par� cipa� on in traffi  c in the Netherlands (i.e. 0.5 mg/ml). 
Women seemed to be more at risk of sustaining facial injury or lower extremity 
injury. Of all fractures, the distal upper extremity fractures were the most 
common ones. This may not be surprising since the hands may be used to 
break the fall. Other studies also report that the majority of fractures involve 
the distal extremi� es, however, the exact loca� on is not always reported in 
detail.10,11 Contrary to our expecta� ons, advancing age did not correlate with 
an increased risk of extremity fractures. Abdominal injuries were rare and 
rela� vely mild. This is in concordance with other ar� cles on fatal staircase 
falls and staircase falls in children.16 
Both pa� ents who died a� er admission suff ered TBI. This may be in line with 
studies on fatal staircase falls that also report a high incidence of severe head 
injury in those pa� ents who die.4,16

Strikingly, distal extremity fractures, unlike many more severe injuries, 
correlated strongly with the length of stay at the ED. The number of severely 
injured pa� ents, however, was low which may have weaken the correla� on. 
Another notable fact was that no pa� ents between 12 and 35 years old 
were admi� ed, having sustained generally less severe injuries. However, the 
available data did not reveal a clue as to why these pa� ents sustained less 
severe injuries and did not require hospital admission. 
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Abusive parents may use a staircase fall as a false cover for the origin of 
their child’s injuries.9,15 Determina� on of abuse, however, remains diffi  cult 
for the hospital staff . This is underlined by the fact of the 77 evaluated 
cases, raised was suspicion in only one. Abdominal injuries in children are 
o� en associated with child abuse.9,10,15,16 However, no children in this study 
sustained abdominal injury. 
In concordance with previous reports in literature, there was a dis� nct 
group of children of less than fi ve years old. Furthermore, the frequency 
of staircase falls and head injury (both superfi cial and TBI) resembled other 
studies.2,5,6,10,11 This study, however, was the fi rst to describe all age groups 
and thereby highlighted the problem in young children in comparison to all 
age groups. Several factors may contribute to this high number of young 
children. First, in small children the head cons� tutes a larger part of the body 
than in older pa� ents causing them to fall head fi rst. Second, young children 
lack suffi  cient coordina� on and strength to protect their head with their 
arms. Third, parents may be inclined to bring their child to the ED a� er head 
injury as a precau� on. Because of the high incidence of this group in staircase 
falls, future preven� on programs should focus on these young children and 
raising awareness in parents of the possible danger related to their age. 
The top 10 of injuries in the local cohort was comparable to the na� onal 
top 10 of staircase fall related injuries. This was somewhat unexpected 
because the hospital serves as a Level 1 Trauma Center facility. However, two 
explana� ons can be put forth. The fi rst is that, in addi� on to being a Level 
1 Trauma Center, the ED also has a local func� on like any other hospital. 
The second explana� on is that the number of severely injures pa� ents who 
required the highest level (Level 1) of Trauma care was rela� vely low.
The propor� on of senior ci� zens with staircase fall-related injury gradually 
decreased a� er 65 years. However, comparison with the Netherlands 
popula� on data revealed that staircase falls in senior ci� zens are indeed 
a problem. This is endorsed by other reports.1 Although the cause of the 
fall was not further delineated, it seems likely that fear of falling as well as 
declining func� onal ability play an important roles.7 Taking into account the 
severity of their injuries, the case should be made that in addi� on to young 
children, future preven� on programs should also focus on senior ci� zens. 
This study has several limita� ons. It is based on data collected in a single 
hospital and comprises only A&E and hospital pa� ents. Therefore, two 
groups of people were not included in this study. The fi rst group consists 
of those people who sustained minimal injuries in their fall and were able 
to treat themselves, or visited their General Prac� � oner. The second group 
consists of people who died at the scene. In the Netherlands, the mortal 
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remains of these people are brought directly to the mortuary, and not to the 
hospital. In addi� on, the study suff ers from all the known disadvantages of 
(retrospec� ve) database analyses. 
Based on the experiences from this study, the authors recommend recording 
the circumstances of the incident in more detail in order to aid future 
preven� on programs. Factors that need more detailed recording include 
blood alcohol levels, medica� ons, height and cause of the fall (including 
reasons for use of the stairs and � me of the day) as well as underlying medical 
condi� ons. It would be certainly interes� ng and in our opinion valuable to 
record the type of staircase and surface material of the steps (e.g. wood, 
carpet or vinyl).

Conclusion

Based on this study it can be concluded that injury from staircase falls occurs 
in all age groups, however, the group of children under fi ve years is rela� vely 
over-represented with high rates of head injury. The incidence was markedly 
higher in senior ci� zens. Overall, most injuries occur to the distal extremi� es 
and are rela� vely mild. 
Future preven� on programs should focus primarily on young children and 
senior ci� zens. 
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Abstract

Background
U-shaped sacral fractures are rare and highly unstable pelvic ring fractures. 
They are not recognized in the standard classifi ca� on systems of these 
fractures. The fracture pa� ern is associated with signifi cant neurological 
injury and can lead to progressive deformity and chronic pain if not diagnosed 
and treated properly. In recent years a variety of surgical strategies have 
shown to facilitate early mobiliza� on and reduce early mortality as compared 
to non-opera� ve strategies. Poor evidence, however, has hampered the 
development of a standard treatment algorithm. As for the long-term 
morbidity, the infl uence of the opera� ve treatment may be diffi  cult to assess 
due to associated injury. However, evidence exists that there is a signifi cant 
eff ect on the long-term morbidity.

Objec� ve
This study aimed to assess the injury characteris� cs, choice of treatment and 
quality of life of U-shaped sacral fractures. 

Methods
Eight polytrauma� zed pa� ents with U-shaped sacral fractures were 
iden� fi ed over a 6-year period and evaluated retrospec� vely. They were 
analyzed for fracture classifi ca� on, associated injury, and injury severity. 
Clinical and radiological results were evaluated. Neurological outcome 
was retrospec� vely classifi ed by Gibbons’ criteria. Long-term quality of life 
outcome was evaluated using the EuroQoL-6D ques� onnaire.

Results
The study popula� on consists of fi ve women and three men; with a median 
age was 29 years. All pa� ents sustained severe associated injury. The Injury 
Severity Score ranged from 17 to 45 (median 23). The median � me between 
trauma and defi ni� ve internal fi xa� on was 4 days (range, 2 – 22 days). 
Defi ni� ve fi xa� on included either percutaneous iliosacral screws (n=2), 
transsacral plate osteosynthesis (n=1) or triangular osteosynthesis with 
(n=4) or without transsacral pla� ng (n=1). Early postopera� ve mobiliza� on 
and early par� al weight-bearing were encouraged when possible. Follow-
up ranged from 5 to 65 months (median, 36 months). Pain, mood disorders 
and mobility problems mainly infl uenced pa� ents’ present general health 
status. 
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Conclusion
U-shaped sacral fractures present a rare and heterogeneous injury. Opera� ve 
treatment depended mainly on fracture type, associated spinal fractures, 
and the surgeon’s preference. Long-term quality of life is dominated by pain, 
mood disorders and moderate mobility problems.
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Introduc� on

U-shaped sacral fractures are rare and by defi ni� on consist of bilateral 
longitudinal fractures in combina� on with a transverse fracture component 
within the sacral bone resul� ng in spino-pelvic dissocia� on.3,10,11,28,41 In a 
metabolically healthy individual, this structural disrup� on of the posterior 
pelvic ring requires high-energy injury mechanisms with severe spinal axial 
loading.2,28,33,40 Commonly these high-energy injury mechanisms are the result 
of falls (including suicidal leaps) from height, crushing injuries or motor vehicle 
accidents.2,3,10,21,38 Severe associated injury is virtually always present.
The spino-pelvic dissocia� on frequently causes neurological defi cits ranging from 
incomplete monoradiculopathies to a complete cauda equina syndrome.3,5-8,15,21, 

27,29,31,34,37,43 Furthermore, U-shaped sacral fractures may lead to progressive 
deformity and chronic pain, more so if not diagnosed and treated properly.3,5-

8,15,27,29,31,33,34,37,41,43

An essen� al indica� on for the diagnosis is given by a paradoxical inlet view of 
the upper sacrum on the standard anterior-posterior (AP-) pelvic radiograph. 
In addi� on, radiographic indicators such as a fractured L5 transverse process 
and a ‘stepladder sign’ indica� ve of anterior sacral foraminal disrup� on, have 
been iden� fi ed.21,30,40 Delayed or missed diagnosis can be further prevented 
by a high index of suspicion based on the mechanism of injury and early 
radiographic imaging using sagitally reconstructed computed tomography 
(CAT) images.21,30 
Sacral fractures have been classifi ed by Denis et al. into three types, depending 
on the sacral zone involved (Figure 1).3 

Figure 1. Denis classifi ca� on of sacral fractures.
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Fractures of this type have been subclassifi ed by Roy-Camille et al. and 
modifi ed further by Strange-Vognsen and Lebech (Figure 2).28,37

Figure 3 shows the fracture pa� ern in U-shaped sacral fractures. 

Tradi� onally, conserva� ve treatment has been fi rst choice, also because 
opera� ve treatment off ered only limited capability for fracture reduc� on and 
eff ec� ve stabiliza� on.2,22 However, recent studies have demonstrated that 
surgical stabiliza� on of pelvic ring injuries facilitates early mobiliza� on, reduces 

1 2 3 4

Figure 2. Roy-Camille classifi ca� on of zone-III-sacral fractures, as modifi ed by Strange-
Vognsen et al.

Figure 3. Impact force and fracture pa� ern in U-shaped sacral fractures.
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early mortality, and improves long term outcome in the polytrauma� zed 
pa� ent compared to non-opera� ve treatment.2,4,17,19,21,26,31,35,39,40,42

Due to the low incidence and heterogeneous nature of the U-shaped sacral 
fractures, the vast majority of individual surgeons have limited experience 
in trea� ng these fractures.40 Few evidence based insights can be gathered 
from the current literature in this fi eld since studies have been largely 
retrospec� ve in nature and involve heterogeneous or small cohorts.1,6,8,10, 

15,22,29,43,44 Therefore, no general treatment paradigm for U-shaped sacral 
fractures has been formulated.2 
Early realignment and fi xa� on is thought to provide the best possible 
environment for safe, early mobiliza� on of the polytrauma� zed pa� ent.11,31 

However, poten� al benefi ts of early surgery need to be weighed against 
increased risks of hemodynamic instability, severe blood loss, neurological 
damage and wound infec� on. Established techniques include iliosacral 
screw fi xa� on19,26,42, transiliac rod fi xa� on or pla� ng 4,35,42, local (transsacral) 
plate osteosynthesis17 or a combina� on of triangular osteosynthesis using 
a ver� cal lumbopelvic fi xa� on and a transverse fi xa� on of the sacrum.31 

Biomechanical analysis has confi rmed that triangular segmental lumbopelvic 
instrumenta� on is among the most stable methods of fi xa� on.31,44 However, 
percutaneous iliosacral screw fi xa� on is suitable in non-comminuted minimally 
displaced Denis Zone III fractures, Roy-Camille subtypes 1 - 3. 2,21,25,27 All these 
opera� ve techniques allow immediate mobiliza� on in bed; weight-bearing, 
however, is commonly delayed due to the associated injury to the lower 
extremi� es.10 

Complica� ons related to lumbopelvic fi xa� on may include superfi cial and 
deep (wound) infec� ons, seroma forma� on, and problems with hardware 
prominence.2 
In the majority of pa� ents the severity of the injury does not allow for accurate 
preopera� ve neurological examina� on. Therefore, deteriora� on of nerve 
defi cits or nerve injuries related to internal fi xa� on of sacral fractures may 
be diffi  cult to detect.39 Addi� onally, the neurological aspects and follow-up 
are rather scarcely commented upon in the medical records and literature.
The infl uence of the opera� ve treatment on the long-term morbidity 
following unstable sacral fractures is o� en diffi  cult to assess due to the 
associated injury. However, there is evidence that there is s� ll a signifi cant 
eff ect on morbidity at one year a� er injury.39
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Objec� ve

This study intended to assess the injury characteris� cs, choice of treatment 
and quality of life of U-shaped sacral fractures. In doing so we hoped to gain 
further insight into eff ects of opera� ve treatment on the long-term morbidity 
in pa� ents with U-shaped sacral fractures. 

Materials and methods

Consecu� ve pa� ents were selected from our ins� tu� onal trauma database 
between 2001 and 2007. All pa� ents who presented with a high-grade 
U-shaped sacral fracture (Denis zone III) were included in the study. The 
medical records of the included pa� ents were reviewed retrospec� vely. The 
fractures were subclassifi ed according to Roy-Camille and Strange-Vognsen 
and Lebech. 
The following injury data were collected: demographics, trauma mechanism, 
addi� onal injuries, and Injury Severity Score (ISS).29 Clinical neurological 
examina� on by a neurologist was performed if pa� ents` condi� on allowed.39 
Preopera� ve imaging consisted of pelvic anterior-posterior radiographs and 
early CT scans.2,39 In our ins� tu� on a Siemens Somatom Sensa� on 4-slice CT 
scan was used to precisely defi ne the fracture pa� ern.
Neurological impairment was graded according to the classifi ca� on of Gibbons 
et al.7 (Table 1). Postopera� ve data included the clinical and radiological 
assessment. Radiographic assessment of alignment, hardware posi� on and 
decompression was done using standard radiography of the pelvis as well 
as CT scans.24,40 Addi� onally, mul� disciplinary follow-up examina� on was 
performed by traumatologists, orthopedic surgeons and rehabilita� on teams.  
 

Type Neurological deficit

1 None

2 Paresthesias only

3 Lower extremity motor deficit

4 Bowel/bladder dysfunction

Table 1. The Gibbons classifi ca� on of cauda equina impairment.
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Opera� ve technique
All pa� ents had ini� al assessment and resuscita� on according to the Advanced 
Trauma Life Support® standards. They were kept on strict spine precau� ons 
un� l stabiliza� on was performed. When sacral injury was suspected as part 
of complex pelvic ring dissocia� on, ini� al care focused on temporary pelvic 
ring reduc� on and stabiliza� on. This was achieved primarily by pelvic sheet 
wrapping or applica� on of a Pelvic Binder®. When indicated, the fracture 
was temporarily fi xated with an anterior external fi xator.25,31 Perisacral 
arterial bleeding sources, when suspected on CT scan were controlled by 
endovascular emboliza� on. Ini� al surgical procedures if indicated, consisted 
of damage control procedures only.2,31

All pa� ents received comprehensive posterior realignment with reduc� on 
and internal fi xa� on, since an anterior external fi xator alone cannot 
adequately stabilize the posterior pelvic ring.34 The method of fi xa� on 
was individualized and consisted of either open posterior transsacral plate 
fi xa� on, percutaneous sacroiliac screw fi xa� on or open triangular lumbosacral 
fi xa� on. This was combined with transsacral pla� ng if deemed necessary to 
create suffi  cient stability of the construct.39 In the triangular lumbosacral 
fi xa� on, the lumbar spine and central upper sacral segment were secured to 
the iliac bone by bilateral lumbosacral pedicle and iliac screws interconnected 
with precontoured “S” shaped rods.2,31,32 Open reduc� on of the sacrum was 
achieved through direct or indirect manipula� on. Indirect manipula� on 
was done by placing terminally threaded Schanz screws into the cephalad 
aspects of each iliac wing and using them as joy s� cks to manipulate the 
fracture elements.2 A sacral laminectomy was performed if an occlusion of 
the central canal was observed on the CT scan.39

Intra-opera� ve radiological examina� on was performed using a C-arm.2 Inlet 
and outlet views were obtained to confi rm the containment of screws within 
the ilium in the absence of medial and lateral penetra� on. Lateral and iliac 
oblique views confi rm appropriate screw length. Fracture reduc� on was 
verifi ed with C-arm imaging intra-opera� vely.2

All pa� ents received 24 hour intra-opera� ve an� bio� c prophylaxis and low-
molecular heparine as thromboprophylaxis during the complete period of 
immobiliza� on.
Because of the rela� ve rarity and heterogeneity of the injury as well as the 
commonly associated severe injuries, the authors’ hospital does not use a 
standard treatment protocol for U-shaped sacral fractures. Therefore, the 
postopera� ve mobiliza� on regime was tailored individually.2,14,31,31,39 Early 
mobiliza� on was encouraged, however, early weight-bearing was generally 
not possible because of associated injury to the lower extremi� es.2,14,31,39
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Quality of life 
The quality of life was measured with the EQ-6D ques� onnaire.16,36 To this 
ques� onnaire, a ques� on was added regarding the pa� ent’s general health 
status before and a� er treatment, and a Visual Analogue Scale (EQ-VAS) 
indica� ng the pa� ents present health status (0 (worst) – 100 (best)). The 
EQ-6D is similar to the well validated EQ-5D with the addi� on of a cogni� ve 
dimension, assessing memory, concentra� on, coherence and IQ, to be� er 
describe the health status of neuropsychiatric pa� ents.9,12,13,18 The EQ-6D 
was sent to all pa� ents at the same � me. This meant that the � me interval 
between the fall and receiving the ques� onnaire ranged between 5 and 65 
months (median, 36 months). 

Results

Eight consecu� ve pa� ents with Denis III fractures were iden� fi ed. Table 2 
lists the Roy-Camille and Strange-Vognsen fracture classifi ca� ons. There 
were fi ve female and three male pa� ents. At the � me of injury the median 
age was 29 years (range, 19-55 years). All pa� ents suff ered high-energy 
trauma. Mechanism of injury included suicidal leaps (n=7) and accidental 
falls from heights (n=1). The fall height ranged from 10 to 20m. Two of the 
pa� ents were referred from regional hospitals because of either a progressive 
subdural hematoma or persistent hemodynamic instability. The median 
Injury Severity Score was 23 (range, 17-45).

Associated injury
All pa� ents showed severe associated injuries. The most severe and most 
prevalent injuries are described per body region below. Three pa� ents sustained 
fractures to the skull and one pa� ent sustained a subdural hematoma. Facial 
fractures were present in fi ve pa� ents. Thoracic injuries consisted of mul� ple 
rib fractures (n=4), pneumothorax (n=1), hemopneumothorax (n=1), sternal 
fracture (n=1), and lung contusion (n=1). Four pa� ents presented with a 
retroperitoneal hematoma and three of them required angiography and 
endovascular emboliza� on. One pa� ent showed a liver lacera� on. All fractures 
to the spinal column are listed in Table 2. Three pa� ents showed fractures of 
upper extremi� es. These fractures included three humeral fractures, three 
elbow fractures (ulna), and three radial fractures. Five pa� ents presented 
with calcaneal fractures of which four were bilateral. Six pa� ents suff ered 
fractures of the body of the pubic bone of which four on the le�  side and two 
bilaterally. Three pa� ents suff ered fractures of the acetabulum. 
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Neurological injury
In all pa� ents the severity of their condi� on precluded early adequate 
evalua� on of the neurological injuries. However, during secondary survey, 
standard digital rectal examina� on revealed loss of anal sphincter tone in 

Patient RC 
class

Transverse 
fracture

Day
exfix

Day
intfix

Operative Treatment

1 2 S1-S2
S3-S5

0 22 Posterior lumbopelvic screw and rod
fixation L4-os ilium AND posterior
transsacral plate fixation

2 1 S1-S2
S4-S5

1 6 Posterior lumbopelvic screw and rod
fixation L4-os ilium AND posterior
transsacral plate fixation

3 3 S1-S2 1 3 Three iliosacral screws AND one K-
wire

4 2 S2-S3 - 4 Two iliosacral screws

5 3 S1 - 12 Anterior laminectomy and 
spondylodesis L5-S1 AND posterior
lumbopelvic rod fixation L3-os ilium
AND posterior transsacral plate
fixation

6 3 S1-S2 1 3 Posterior lumbopelvic screw and rod
fixation L3-os ilium AND posterior
transsacral plate fixation

7 3 S1-S2
S4-S5

- 4 Posterior lumbopelvic screw and rod
fixation L1-os ilium

8 3 S2-S3 0 2 Posterior transsacral plate fixation

Table 2a. Overview of fracture classifi ca� on, opera� ve treatment en associated spinal fractures.

Table legend: RC class: Roy-Camille and Strange-Vognsen and Lebech classifi ca� on:
Day ext fi x/Day int fi x: placement extermal/internal fi xator in days a� er trauma.
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one pa� ent. In the course of the hospital stay all pa� ents were completely 
evaluated neurologically. Neurological injuries of varying severity were 
diagnosed in all pa� ents (Table 3). Four pa� ents showed impaired bowel or 

Reason delay Associated spinal
fractues

Treatment

Laparotomy; internal plate
fixation acetabulum; 
internal plate fixation
radius 

Transverse process
fracture L5 

-

External fixation bilateral
distal femoral fractures; 
coiling bilateral epigastric
arteries

Vertebral body fracture
L1 with dissection AND 
Transverse process
fracture L4 and L5 

-

Unavailable Stable vertebral body 
fracture L1 with
fragment in spinal canal

Brace

Transfer from another
hospital; hemodynamic
instability; coiling
hypogastric artery

Vertebral body L2 
fracture with fragment 
in spinal canal AND 
spinous process fracture
C7

Brace

Transfer from another
hospital; hemodynamic
instability, exonerate
subdural hematoma, 
internal plate fixation
radius and olecranon

Spondylolysis L5-S1, 
complete listhesis

See
‘Operative
Treatment”

Hemodynamic instability Vertebral body fracture
L1

Posterior
screw and 
rod fixation
L1-L3

External fixation femur Vertebral body fracture
L2

See
‘Operative
Treatment”

Internal fixation humerus Transverse process
fractue L5

-

Table 2b. Overview of fracture classifi ca� on, opera� ve treatment en associated spinal fractures.

Table legend: RC class: Roy-Camille and Strange-Vognsen and Lebech classifi ca� on:
Day ext fi x/Day int fi x: placement extermal/internal fi xator in days a� er trauma.
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bladder func� on. Three pa� ents developed severe sensory impairments due 
to a complete cauda equina syndrome and one pa� ent developed sensory 
impairments due to a par� al cauda equina syndrome.

Opera� ve technique 
An anterior external fi xator was used for temporary fi xa� on of the pelvic 
ring in fi ve pa� ents. Defi ni� ve internal fi xa� on was undertaken between 2 
and 22 days a� er the injury (median, 4 days). The opera� ve technique and 
type of internal fi xa� on depended on the stability of the fracture (including 
comminu� on), displacement of the fracture elements, and the surgeon’s 
preference. In two pa� ents (pa� ents 3 and 4) the rela� ve stability of the sacral 
fracture and minor comminu� on allowed for fi xa� on with percutaneously 
iliosacral screw fi xa� on (Figure 4). Local (transsacral) plate fi xa� on using 
a 12-hole Locking Compression Plate (LCP) was performed in one pa� ent 
(pa� ent 8) with minor displacement (Figure 5). 
Four pa� ents were treated with triangular lumbosacral fi xa� on with 
transsacral pla� ng (Figure 6). These pa� ents either suff ered a mul� -level 
sacral fracture (pa� ents 1 and 2), a trauma� c spondylolysis L5-S1 (pa� ent 5), 
or an unstable sacral fracture (pa� ent 6). In one pa� ent (pa� ent 7) because of 
an associated L2 fracture it was decided to extend the triangular lumbosacral 
fi xa� on to L1 (Figure 7). The triangular fi xa� on off ered a stable construct and 

addi� onal transsacral pla� ng was deemed unnecessary. 

Patient ISS Gibbons
Before operation 

Gibbons 
Short-term

Gibbons 
Long-term

Follow-up 
(months)

Hardware 
removal

Comparison EQ-VAS

1 17 unavailable 3 2 70 Y - -

2 24 unavailable 4 4 62 N Equal 70

3 22 4 4 4 24 N Improved 80

4 34 unavailable 4 4 20 N Declined 70

5 29 unavailable 3 2 26 Y Declined 50

6 45 unavailable 4 4 6 Y - -

7 22 unavailable 4 3 12 N Equal 70

8 22 unavailable 3 2 14 N Declined 70

Table legend: ISS: Injury Severity Score; Comparison: current health status compared to before the injury; EQ-VAS: The 
quality of life according to the visual analogue scale of the EuroQol-6D. 

Table 3. Follow-up data on neurological status, hardware removal, and quality of life.
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Figure 4. Iliosacral screw fi xa� on of the sacral fracture.

Figure legend: the arrows indicate the fracture lines. 
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Figure 5. Transsacral plate fi xa� on of the sacral fracture.

Figure legend: the arrows indicate the fracture lines. 
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Figure 6. Triangular osteosynthesis with transsacral plate fi xa� on of the sacral fracture.

Figure legend: the arrows indicate the fracture lines. 



46

Figure 7. Triangular osteosynthesis of the sacral fracture.

Figure legend: the arrows indicate the fracture lines. 
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Postopera� ve course
Following defi ni� ve internal fi xa� on, pa� ents started early mobiliza� on in 
bed and chair. Early postopera� ve mobiliza� on with par� al weight bearing 
was encouraged when the associated injury allowed it. However, full weight-
bearing was delayed un� l 6 to 12 weeks a� er surgery, depending on type of 
fracture and associated injuries. 

Fracture consolida� on
Clinical and radiological assessment (anterior-posterior, lateral, inlet, and 
outlet radiographs of the pelvis) during the follow-up period revealed no 
cases with secondary loss of reduc� on.

Complica� ons
Three pa� ents showed wound healing problems. These problems resolved 
a� er surgical wash out and wound debridement and addi� onal IV an� bio� cs. 
A� er this re-interven� on, uneven� ul healing was observed in all three 
pa� ents. 
In three pa� ents the hardware was removed a� er fracture healing had 
occured. The reason for hardware removal was pain from posterior 
prominence of the hardware. One pa� ent reported persistent local pain 
a� er hardware removal.
No iliac screw loosening was recorded. At the latest follow-up, no pa� ents 
showed hardware failure. 

Quality of life 
Six of eight pa� ents responded to the ques� onnaire. The remaining two 
pa� ents were not available for evalua� on. One of them (pa� ent number 6) 
had died because of a subsequent suicide a� empt six months a� er the U-
shaped sacral fracture. Table 4 lists the results of the EQ-6D. 

Mobility Self-care Usual 
activities

Pain/
disorder

Anxiety/
depression

Cognition

No problems/ none (n) 1 4 4 1 2 6

Some problems/ moderate (n) 5 2 2 3 4 0

Severe problems/ severe (n) 0 0 0 2 0 0

Missing (n) 2 2 2 2 2 2

Total (n) 8 8 8 8 8 8

Table legend: Long term quality of life and functional outcome measured assessed with EQ-6D questionnaires (no. of patients)

Table 4. Long-term quality of life and func� onal outcome assessed with EQ-6D 
ques� onnaires.
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All pa� ents reported mobility problems; however, no pa� ents were confi ned 
to bed. All pa� ents were able to care for themselves and undertake some 
daily ac� vi� es. Two pa� ents reported severe pain or discomfort and half of 
the pa� ents reported moderate anxiety or depression. None of the pa� ents 
reported problems with cogni� on. 
Despite the severity of injury, two pa� ents reported that their general health 
status had not changed compared to the � me before the injury. One pa� ent 
even reported be� er general health status than before the injury. According 
to this pa� ent this was due to recovering from a pre-injury psychosis (Table 
3). The median EQ-VAS score was 70 (range, 50 - 80; Table 3).

Discussion

U-shaped sacral fractures are rare injuries, even in polytrauma� zed pa� ents. 
However, because of the dis� nct approach and defi ni� ve treatment, it is 
important that these injuries are well recognized. In our level I Trauma Center, 
with over 1000 trauma admissions yearly (ISS>15 = 175-200) we treated eight 
pa� ents with U-shaped sacral fractures in eight years. The median age (33 
years) in these pa� ents was similar to other recent studies.2,3,10,21,31,38

As expected, the pa� ents all sustained high-energy trauma mechanisms 
that caused the specifi c sacral fracture. Current literature reveals that 
trauma mechanisms in U-shaped sacral fractures include falls, motor-vehicle 
accidents and crush accidents.10,21,31 In this series, however, all the pa� ents 
made a fall from a great height and seven out of eight a� empted to perform 
suicide. Furthermore, fi ve pa� ents sustained calcaneal fractures, of which 
four were bilateral. This is sugges� ve for the fact that all pa� ents landed feet 
fi rst, which probably is a factor in the typical aspect of the sacral fracture 
where the spine sort of dislocates through the pelvic ring. Furthermore it 
can be hypothesized that feet fi rst landing has contributed to the survival of 
these pa� ents, despite falling from extreme heights
This trauma mechanism is in line with early reports in literature.28 Despite 
landing on their feet, half of the pa� ents sustained mul� ple rib fractures. 
Furthermore, seven pa� ents sustained fractures to the humerus, ulna, or 
radius. These fractures probably resulted from secondary impact. The ISS 
is reported infrequently in literature. The ISS in this series seems to be 
somewhat higher than in another report.21 
U-shaped sacral fractures have been classifi ed and subclassifi ed, however, 
Denis Zone III fractures remain widely heterogeneous.30,39 In our pa� ent 
group we made similar observa� ons as shown in Figures 4 and 5. 
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In this series, defi ni� ve fracture stabiliza� on was performed a� er a median 
of 4 days. This period refl ects the � me required to op� mize the pa� ent’s 
physiologic status and ini� al treatment of mul� system injuries. 
Because of the rela� ve infrequency, the variability and severity of associated 
injury, li� le evidence is available to formulate an accepted treatment 
paradigm.3,19,30,31 In recent years, internal fi xa� on has shown marked benefi ts 
over non-opera� ve treatment.2,19,20 For this reason all pa� ents received 
opera� ve treatment for their sacral fractures. Four diff erent opera� ve 
techniques were used, depending on the several factors. The amount of 
stability and comminu� on of the fracture, as well as the associated spinal 
fractures, were important factors that largely dictated the choice of opera� ve 
technique.
As expected, early postopera� ve mobiliza� on was frequently delayed by 
associated injury. A simple and frequent reason was the presence of calcaneal 
fractures in all pa� ents, all but one bilateral. In our hospital pa� ents with a 
calcaneal fracture are kept on a non-weight bearing regime for 8 to 12 weeks 
postopera� vely. 
The number of pa� ents with short-term neurological defi cits is in line 
with other series in literature.21,31 In this series, no neurophysiologic tests 
were used to objec� vely document the level of the motor nerve injury or 
diff eren� ate between complete or par� al nerve injuries in this study. Digital 
rectal examina� on as part of the secondary survey was used to diagnose 
anal sphincter func� on loss. 
However, no anal sphincter electromyography was used to confi rm the 
diagnosis. The long-term neurological defi cits reported in this series are in 
accordance with previous literature.10,21,31 

With six of eight pa� ents who answered and returned the ques� onnaire, 
the response rate was acceptable.23 However, the fact that most of the 
pa� ents leaped in order to a� empt suicide, forces us to put the results 
of the ques� onnaire into perspec� ve. One example is the pa� ent who 
reported a be� er present general health status than before the fall, despite 
the severity of his injury. The reason for this improvement was his recovery 
from a psychosis. Furthermore, in this study the present mental status of the 
pa� ents at the � me of answering the ques� onnaire was not assessed. This 
means that the presence of another depressive disorder or psychosis can 
not be ruled out. Another fact is that the contribu� on of the pelvic trauma 
to the fi nal outcome may be diffi  cult to interpret because of the extent and 
severity of the associated injury.39 Severe associated injury, on the other 
hand, will always be present in these pa� ents. It should therefore probably 
be considered common for pa� ents a� er U-shaped sacrum fractures. Despite 



50

these possible fl aws in the quality of life measurement, the results of the 
ques� onnaire do tell us something about the long-term outcome a� er U-
shaped sacral fractures. Important is that mobility problems are integrally 
present. Furthermore, pain and mood disorders seem to present the major 
long-term problem. Despite the pain, mood disorders, and decreased 
mobility, self-care and usual ac� vi� es do not seem to be aff ected in a major 
way. Furthermore, reported pain, mood, and mobility problems seem to 
contrast with the reported present general health status on the EQ-VAS. With 
almost 70% this seems generally high. The EQ-6D index value of the pa� ents 
was not taken into account in this study. Because of the small sample size 
and the high prevalence of psychiatric disorders in the cohort, the authors 
did not consider this index value relevant. 
Aggressive and op� mal care posi� vely infl uences long term outcome. 
Despite the high percentage of self-infl icted injury and the severity of the 
ini� al trauma this is important and rewarding for both pa� ent and trea� ng 
physicians.

Limita� ons
This study suff ers from all limita� ons of a retrospec� ve study. Furthermore, 
it evaluates the treatment of an uncommon and s� ll heterogeneous injury. 
It consists of a small sample size of only eight pa� ents, does not present a 
control group, and mainly relies on comparisons with a limited number of 
previously published series.

Conclusion 

In this study we found that U-shaped sacral fractures present a rare and 
s� ll heterogeneous injury in the polytrauma� zed pa� ent group. The type 
of opera� ve treatment depended mainly on the nature of the fracture, 
associated spinal fractures, and the surgeon’s preference. Quality of life in 
this largely psychiatric pa� ent group is dominated by pain, mood disorders 
and moderate mobility problems. Despite this, all pa� ents were capable 
to care for themselves a� er rehabilita� on and undertake the usual daily 
ac� vi� es. 
The high incidence of long-term pain and mood disorders in our study group 
indicates that analgesic and thorough psychiatric counseling are of utmost 
importance. 
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Abstract

Background
Calcaneal fractures comprise 1 to 2% of all fractures and are o� en seen in 
pa� ents a� er a fall from height. The impact on the mobility and func� oning 
of the pa� ents is considerable. Despite confl ic� ng reports in the literature 
there is a trend towards opera� ve treatment of (dislocated) calcaneal 
fractures. In our hospital, most dislocated calcaneal fractures are treated 
by Open Reduc� on and Internal Fixa� on (ORIF). However, li� le informa� on 
is available on the factors associated with quality of life and func� onal 
outcome. 

Objec� ve
This study aimed to assess the factors associated with quality of life and 
func� onal outcome in pa� ents a� er ORIF of the calcaneus. 

Pa� ents and methods
All consecu� ve pa� ents with a dislocated calcaneal fracture operated 
between 1999 and 2007 were included. Medical records were reviewed 
to obtain demographic data. Fractures were classifi ed (Essex-Lopres�  and 
Sanders) in consensus-mee� ngs by a radiologist and a surgeon. Pa� ents 
were operated using the extended lateral approach and calcaneal plates. The 
quality of life and func� onal outcome were assessed using the EuroQoL-5D 
(EQ-5D) and Foot and Ankle Outcome Survey (FAOS). 

Results
One hundred and ten pa� ents were included of which 73 men (66.4%). The 
median age was 41.0 years. There were 46 (41.8%) mul�  trauma pa� ents. 
Essex-Lopres�  Joint depression fractures and Tongue type fractures were 
equally distributed. The Sanders type II was the most common (46.4%) 
fracture. Eight pa� ents developed a deep infec� on. Eleven pa� ents (10.0%) 
underwent arthrodesis of the PTC joint. 
Seventy-one pa� ents (64.5%) were available for follow-up. The median EQ-
5D score was 0.69 for the study cohort and 0.73 in mono trauma pa� ents. 
The median FAOS subscores (100=best) were: pain 78, symptoms 57, daily 
ac� vi� es 85, sports 55, and quality of life 63. The EQ-5D and FAOS scores 
were signifi cantly less in pa� ents with mul� -trauma and pa� ents with an 
arthrodesis of the PTC joint. 
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Conclusion
Mul� -trauma and arthrodesis instead of fracture severity are associated 
with a decreased quality of life and func� onal outcome a� er ORIF of the 
calcaneus.
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Introduc� on

Calcaneal fractures comprise 1 to 2% of all fractures and are o� en seen in 
pa� ents a� er a fall from height. Despite the rela� ve low incidence, the impact 
on the mobility and func� oning of the pa� ents is considerable. 
The calcaneus is a complex bone with three ar� cular surfaces. Therefore, 
calcaneal fractures o� en involve one or more ar� cular surfaces. The re-
construc� on of the bone and ar� cular surfaces is a challenge to any surgeon. 
Some� mes the car� lage is largely destroyed so that an arthrodesis is inevitable. 
In these pa� ents, the reconstruc� on of the calcaneus is meant to reduce the 
fl a� ening and widening of the calcaneus and create a basis for the subsequent 
arthrodesis. Reconstruc� on of the calcaneus also aims to allow pa� ents to 
wear the same pair of shoes (instead of a larger shoe on the fractured foot). 
However, even a� er the best possible reconstruc� on, pa� ents may have 
persistent complains and suff er from early pos� rauma� c arthri� s. 
The ques� on in pa� ents with a calcaneal fracture is ‘to operate or not 
to operate’. Previous studies have shown almost equal results in both 
techniques.1-3 Therefore, no consensus has been reached on the op� mal 
treatment of these fractures. 
Despite the confl ic� ng reports in the literature there is currently a trend 
towards opera� ve treatment of (dislocated) calcaneal fractures.1,3,4 In 
our hospital, most (displaced) calcaneal fractures are treated by means of 
Open Reduc� on and Internal Fixa� on (ORIF). Over the years, our hospital 
has become a regional referral center for pa� ents with complex and/or 
dislocated ankle, calcaneal, and foot fractures. Each year, the number of 
ORIFs for calcaneal fractures increases. 
Despite the, to the surgeon, apparent sa� sfying results of the ORIF technique, 
li� le informa� on is available on the quality of life and func� onal outcome 
a� er this type of treatment.2 Furthermore, li� le is known about the factors 
associated with the quality of life and func� onal outcome. 
This study aimed to assess the factors associated with quality of life and 
func� onal outcome in pa� ents a� er ORIF of the calcaneus. 

Pa� ents and Methods

All pa� ents with a dislocated calcaneal fracture who underwent ORIF 
between 1999 and 2007 were included in this study. All pa� ents with extra-
ar� cular fractures as well as pa� ents who underwent opera� ve techniques 
other than ORIF were excluded. 
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The medical records were reviewed to obtain demographic data as well 
as data on the trauma mechanism, medical history, hospitaliza� on, Injury 
Severity Score, opera� on(s), postopera� ve complica� ons, consequent 
opera� ons, and possible hardware removal. 
The radiographs were examined and the fractures were classifi ed according 
to Essex-Lopres�  and Sanders.2,4 In order to obtain the most reliable fracture 
classifi ca� on, the radiographs were reviewed in several consensus-mee� ngs 
by a team of an experienced trauma radiologist (MM) and an experienced 
trauma surgeon (JL). In addi� on to the fracture types, the ini� al Böhler’s angle, 
notch depression, ar� cular involvement, and comminu� on were assessed in 
all pa� ents. In accordance with literature, a Böhler’s angle between 20 and 
40 degrees was considered normal.10

Opera� ve technique
The ORIF was performed through an extended lateral approach using 
calcaneal plates (Synthes®, Solothurn, Switzerland) (Figure 1). All pa� ents 
underwent the same peri-opera� ve protocol; a single intravenous dose 
of prophylac� c an� bio� cs administered preopera� vely, general or spinal 
anesthesia, pa� ent posi� oning on the contralateral side without the use of 
a pneuma� c tourniquet. Postopera� ve treatment was fully func� onal; no 
immobiliza� on was used. Weight bearing was allowed a� er twelve weeks. 

Figure 1. The extended lateral approach.

Figure legend: Above: The extended lateral  approach 
incision line. Below: calcaneal fracture after open 
reduction with the calcaneal plate in situ. 
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Quality of life
Between 10 and 60 months a� er the opera� on, pa� ents were contacted 
by mail. The quality of life (QoL) was assessed using the EuroQoL-5D (EQ-
5D) ques� onnaire.7 The Foot and Ankle Outcome Survey (FAOS) was used 
to assess the func� onal outcome.9 Both ques� onnaires were mailed to the 
pa� ents. 

Sta� s� cal analysis
Sociodemographic data were expressed as percentages for categorical data, 
as mean and standard devia� on (SD) for normally distributed numerical 
data, and as median, range, and - where appropriate - inter-quar� le range 
(IQR=25 to 75%) for non-normally distributed numerical data. Diff erences 
in dichotomous variables between groups were analysed using the Chi2 test 
and the Fisher’s exact test when small groups were involved. Diff erences in 
con� nuous variables between groups were analysed using the Students T-
test for normally distributed variables and the Mann-Whitney U-test for not-
normally distributes variables. Correla� on between variables was assessed 
with the Pearson correla� on for normally distributed variables and the 
Spearman correla� on for not-normally distributed variables. 
Data were analyzed using the Sta� s� cal Package for the Social Sciences 
(SPSS®) version 16.0.1 (SPSS Inc., Chicago, IL; USA). 

Results

General results
One hundred and ten consecu� ve pa� ents were included. There were 73 
men (66.4%) and the median age was 41.0 years. The pa� ent characteris� cs 
are shown in Table 1. Forty-one pa� ents (37.3%) pa� ents had fractured the 
le�  calcaneus and 19 pa� ents (17.3%) sustained a bilateral calcaneal fracture. 
Forty-six pa� ents (41.8%) were classifi ed as mul�  trauma pa� ents (mul� ple 
fractures).  

Fracture classifi ca� on 
The Essex-Lopres�  Joint depression fractures and Tongue type fractures 
Figure 2) were equally distributed (Table 2). However, the Sanders type II 
fracture (Figure 3) was by far the most common fracture type (Table 2). 
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Demographics

Male n (%) 73 (66.4)

Age (years) med (IQR) 41.0 (32.0 – 52.0)

Mechanism
•Fall from height
•Staircase fall
•MVC
•Kite surfing
•Other

n (%)
n (%)
n (%)
n (%)

68
22
10
3
7

(61.8)
(20.0)
(9.1)
(2.7)
(6.4)

Böhler’s angle (degrees) med (IQR) 2.0 (-11.0 – 13.0)

Notch depression (mm) med (IQR) 11 (6 – 16)

PTC involvement n (%) 101 (91.8)

CC involvement n (%) 64 (58.2)

Table legend: n: number; med: median; IQR: inter quartile range; MVC: motor vehicle crash; 
mm: millimeter; PTC: posterior talocalcaneal joint; CC: calcaneocuboidal joint. 

Table 1. Demographic data.

Classification Type 

Essex-Lopresti Joint depression n (%) 54 (49.1)

Tongue type n (%) 53 (48.2)

Unknown n (%) 3 (2.7)

Sanders I n (%) 2 (1.8)

II n (%) 51 (46.4)

III n (%) 33 (30.0)

IV n (%) 13 (11.8)

Other n (%) 11 (10.0)

Table legend: n: number; med: median; IQR: inter quartile range; MVC: motor vehicle crash; 
ll l l l l b d l

Table 2. Fracture classifi ca� on.
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Opera� ve characteris� cs
The median opera� ng � me was 130 minutes and ranged from 80 to 199 
minutes in pa� ents with one operated fracture (i.e. not pa� ents in whom 
mul� ple fractures were operated in the same procedure). Following the ORIF, 
14 pa� ents (12.7%) developed a wound infec� on of which eight (7.3%) had 
an infec� on that required opera� ve debridement. Fi� y-two pa� ents (47.3%) 
underwent hardware removal. One pa� ent underwent primary arthrodesis 
and 10 pa� ents (9.1%) underwent secondary arthrodesis of the PTC joint. 
Pa� ents with an arthrodesis had the same Essex-Lopers�  and Sanders 
classifi ca� on as pa� ents without an arthrodesis. 

Follow-up
Seventy-one pa� ents (64.5%) were available for follow-up. The median EQ-
5D score was 0.69 for the study cohort and 0.73 in mono trauma pa� ents. 
The quality of life was signifi cantly worse in pa� ents with mul�  trauma 
(p=0.002), a bilateral calcaneal fracture (p=0.017), or an arthrodesis (p=0.022) 
compared with the other pa� ents. The quality of life - Visual Analogue Scale 

Figure legend: Conventional radiographs. Above: Tongue 
type: Note the lengthwise fracture. The articular surface 
(between arrows) and tuber are not separated. Below: 
Joint depression: the  articular surface in punched into 
the calcaneus. 

Figure legend: CAT scan: coronal picture. Note that there is one 
fracture line through the posterior  talocalcaneal joint (arrow).  

Figure 2. Essex-Lopres�  classifi ca� on. Figure 3. Sanders type II fracture.
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did not correlate with gender, age, fracture type or severity of injury.
The median FAOS sub-scores (100=best) were: pain 78, symptoms 57, daily 
ac� vi� es 85, sports 55, and quality of life 63. Mul�  trauma pa� ents had 
lower pain (p=0.018) and quality of life (p=0.021) sub-scores than the other 
pa� ents. A longer opera� ng � me was associated with a lower Symptoms 
sub-score (p=0.043). Finally, pa� ents with an arthrodesis had signifi cantly 
lower daily ac� vi� es (p=0.024), sports (p=0.022), and quality of life (p=0.002) 
subscores than the other pa� ents.

Discussion

In this study we showed that the quality of life a� er opera� ve treatment 
of a calcaneal fracture is associated with the extent of the injuries and 
arthrodesis of the PTC joint. A� er open reduc� on and internal fi xa� on, the 
type of calcaneal fracture is not associated with quality of life or func� onal 
outcome. 
Calcaneal fractures are rela� vely rare fractures. However, over the last years, 
our hospital has become a regional referral centre for dislocated calcaneal 
fractures. The number of opera� ve treatments for calcaneal fractures in-
creases each year. This allowed us to build this rela� vely large series. We 
also eliminated the dilemma of which of the two classifi ca� on systems to 
use. The inter-observer agreement of calcaneal fracture classifi ca� ons is 
known to be moderate at best.5 Therefore we classifi ed the fractures during 
consensus-mee� ngs. In doing so we tried to establish the most reliable and 
repeatable classifi ca� on. 
Although the number of bilateral fractures in this series was comparable 
with other series in literature, this series has slightly more mul�  trauma 
pa� ents.1,6,7 The la� er can be explained by the Level-1 Trauma Center status 
of our hospital. The median Böhler’s angle before the opera� on was the 
same as another report in literature.1 However, the Böhler’s angle reported 
by another study was much steeper (less depression).8 This may indicate that 
the pa� ents in our series sustained higher energy trauma compared with the 
other series. 
The deep infec� on rate in this series (7.3%) is comparable to other series.1,7 
However, the number of pa� ents with hardware removal was higher than in 
other series.1,7 Possible explana� ons for this are the long period of follow-up 
and the fact that we counted all calcaneal hardware removal (i.e. not just 
complete hardware removal). 
The follow-up rate in our series (64.5%) was comparable to another large 
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series.2 S� ll roughly one third of the pa� ents was lost to follow-up. This is 
even a� er addi� onal a� empts to contact them by mail and telephone. These 
pa� ents were either living abroad, did not have a permanent address, moved 
without no� fi ca� on or suff ered from a psychiatric illness, all know problems 
in the trauma popula� on. 
The results of the EQ-5D show that the quality of life is indeed aff ected by 
the calcaneal fracture. However, given the severity of the calcaneal fractures, 
there is only a minimal diff erence with the general Dutch popula� on.9 The 
results of the FAOS indicate that many pa� ents suff er from symptoms other 
than pain. They further indicate that, although daily ac� vi� es are li� le 
aff ected, par� cipa� on in sports and recrea� on is diminished. 
In this study there was no associa� on between fracture type and quality 
of life. Surprisingly, other than mul�  trauma, none of the variables that 
we measured before the opera� on were associated with quality of life 
or func� onal outcome. In other words, despite the severity of a fracture, 
opera� ve treatment can lead to quality of life and func� onal outcome as 
good as in less severe fractures. A control group would be necessary to truly 
determine the correla� on between classifi ca� on, treatment, and outcome. 
We believe that the high volume of calcaneal fractures operated at our 
hospital contributed to the quality of the postopera� ve results. However, 
these fi ndings ques� on the value of the classifi ca� on systems to predict 
quality of life and func� onal outcome in daily prac� ce. 
This study has several limita� ons. First, the radiographs were reviewed 
retrospec� vely. The radiographs were not made in a standard fashion. This 
was especially true for the pa� ents who were referred from other centers. 
Second, follow-up and quality of life in trauma pa� ents can be diffi  cult and the 
response rate is o� en unsa� sfactory. Whether the results would have been 
diff erent if non-responders had answered and returned the ques� onnaires 
remains unknown. 

Conclusion 

Based on the results of this study we conclude that fracture severity and 
classifi ca� on are not associated with quality of life and func� onal outcome 
a� er ORIF of the calcaneus. Mul�  trauma and arthrodesis are associated 
with a reduc� on in quality of life and func� onal outcome. 
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Abstract

Background
Venous thromboembolism (VTE) is frequent in trauma pa� ents and o� en 
runs an asymptoma� c course. Prophylaxis in these pa� ents, who o� en have 
an increased risk of bleeding, deserves extra a� en� on.

Lower extremity injuries
A� er injuries to the lower extremi� es, low molecular weight heparin is 
advised during the period of immobiliza� on.

Hip fractures
Following hip-fracture surgery, fondaparinux is indicated for 4 weeks.

Polytrauma� zed a neurotrauma pa� ents
In polytrauma and neurotrauma pa� ents, low molecular weight heparin has 
shown the best results.

Burns
VTE prophylaxis also seems to be indicated in burn pa� ents. 

Conclusion
This ar� cle is an ‘Evidence based’ tool for VTE prophylaxis in each trauma 
pa� ent.  
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Introduc� on

The prevalence of Venous thromboembolisms (VTE) such as Deep Venous 
Thrombosis (DVT) and Pulmonary Embolism (PE) is high among trauma 
pa� ents and they o� en elapse asymptoma� c. The prevalence varies between 
6 and 60%.1-3 A Californian study of the American Na� onal Trauma Data Bank 
(n = 730,000) has iden� fi ed nine risk factors for VTE in trauma pa� ents (see 
Table1).4 

Both symptoma� c and asymptoma� c DVT can cause signifi cant morbidity and 
mortality such as the post-thrombo� c syndrome and PE. The post-thrombo� c 
syndrome is a collec� ve term for chronic complaints of edema, spider naevi, 
varicose veins, and venous ulcers in the lower extremi� es. It develops in the 
years a� er DVT.[5] Prophylaxis of thrombosis can be done with medica� on 
(an� coagulants), mechanically, or with a combina� on of the two. Intrinsic 
to giving an� coagulants is the increased risk of bleeding. However, the risk 
for bleeding seems to have decreased considerably in 24 hours a� er blunt 
trauma.1,2 Preven� on of VTE is an important component of the treatment of 
trauma pa� ents. A strategy for VTE prophylaxis must be considered in each 
immobilized pa� ent. This ar� cle is designed as an Evidence Based tool for 
developing a strategy for VTE prophylaxis in each individual trauma pa� ent. 

Medicinal prophylaxis and gradual compression stockings
Medicinal prophylaxis is the most eff ec� ve and will therefore be discussed 

Risk factor Odds Ratio 95% Confidence Interval

Age > 40 years 2,29 2,07 – 2,55 

Trauma capitis (AIS >2) 2,59 2,31 – 2,90

Pelvic fracture 2,93 2,01 – 4,27

Lower extremity fracture (AIS >2) 3,16 2,85 – 3,51

Spinal cord injury with paralysis 3,39 2,41 – 4,77

Shock at admission (systolic BP <90 mmHg) 1,95 1,62 – 2,34

Mechanical ventilation >3 days 10,62 9,32 – 12,11

Extensive Venous Injury 7,93 5,83 – 10,78

Large operation 4,32 3,91 – 4,77

Table legend: VTE = Venous  Trombo-embolism; AIS: Abbreviated Injury Scale; systoic BP: Systolic Blood Pressure 

Table 1. Risk factors for VTE.
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fi rst. The ‘Golden Standard’ is formed by the Low Molecular Weight Heparins 
(LMWH). The eff ect is based on the inac� va� on of the ac� vated factor Xa. A 
medicine on the rise is fondaparinux. This is a selec� ve and synthe� c inhibitor 
of the ac� vated factor Xa. LMWH and fondaparinux are administered 
subcutaneously and act quick. Coumarin derivates (e.g. acenocoumarol) are 
another method of VTE prophylaxis. They block the recycling system of vitamin 
K in the liver. This causes a decrease in vitamin K dependent coagula� on 
factors. The advantage is that the coumarin derivates can be administered 
orally. However, it o� en takes 8 to 10 days to reach an adequate and stable 
‘Interna� onal Normalized Ra� o (INR)’. Furthermore, in many pa� ents 
an adequate INR is not obtained.6 A simple and mechanical form of VTE 
prophylaxis is the gradual compression stocking. Other means are the foot 
pump and the leg pump (intermi�  ng or sequen� al pneuma� c compression). 
LMWH are signifi cantly more eff ec� ve than the foot pump.7 However, in daily 
prac� ce the compliance of the pump is low.8 Reasons for this are the level of 
discomfort for the pa� ent, strain in the nursing staff , and technical problems. 
All mechanical methods are more eff ec� ve in combina� on with medicinal 
VTE prophylaxis. The use of a foot pump in the early phase a� er trauma 
followed by LMWH in a later stage is also eff ec� ve.9 The eff ec� veness of 
Vena Cava fi lters has not been demonstrated unambiguously in studies.10,11 

Indica� ons
In the following text the diff erent categories of trauma pa� ents are described 
with the methods for VTE prophylaxis that have the highest ‘Level of Evidence’ 
(see Table 2).12 Based on the ‘Level of Evidence’, we give an advice for VTE 
prophylaxis in each category of trauma pa� ents. Children under 13 years 
have such a low prevalence of VTE that prophylaxis is not indicated. Children 
between 13 and 17 years require VTE prophylaxis if they have a signifi cantly 
increased risk (e.g. a high ‘injury severity score or neurotrauma).13,14 

Injuries to the lower extremi� es

Pa� ents with a lower extremity fracture or Achilles tendon rupture with 
subsequent immobiliza� on have a VTE risk of up to 40%.15 In a randomized 
controlled trial (RCT) with 253 pa� ents, the pa� ents who received prophylaxis 
with nadroparine had signifi cantly less DVT compared with the pa� ents that 
did not receive prophylaxis.16 In an RCT in 339 pa� ents with conserva� vely 
treated lower leg injuries the pa� ents that received no prophylaxis had 
signifi cantly more DVT than the pa� ents that received LMWH (4.3 vs. 0%).17 
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Pa� ents who receive opera� ve treatment followed by a cast or brace also 
have an increased risk. In an RCT the prevalence of DVT was signifi cantly 
– however in absolute terms moderately – lower a� er LMWH compared with 
no prophylaxis (9 vs. 10%).18 Based on this RCT the ‘Level of Evidence’ for 
VTE prophylaxis with LMWH in pa� ents with lower extremity immobiliza� on 
is two.18 

Advise: because of their rela� ve immobility, hospitalized pa� ents should 
receive VTE prophylaxis. In ambulant pa� ents VTE prophylaxis is indicated 
when one or more large joints are immobilized. The same counts for pa� ents 
with calcaneal fractures and stable pelvic ring fractures. In pa� ents with 
conserva� ve treatment with (plaster cast-) immobiliza� on we advise to start 
with the administra� on of LMWH immediately a� er trauma. In opera� vely 
treated pa� ents the LMWH can be administered un� l 10-24 hours before the 
opera� on. LMWH can be con� nued from 12-24 hours a� er the opera� on. 
Prophylaxis is con� nued during the period of immobiliza� on. The self-
administra� on of subcutaneous injec� ons should not be a problem in 
ambulatory pa� ents.3 

Hip fractures

Pa� ents with a fracture of the proximal femur have a rela� vely high risk of 
developing VTE. This is partly because these pa� ents generally have a higher 
age and consequently more co-morbidity than younger pa� ents. The medicine 
with the best results in Orthopedic joint replacement surgery is fondaparinux. 
In a study of 1250 pa� ents, the group that received fondaparinux had 
signifi cantly less VTE than the group that received enoxaparine (LMWH) (8.3 
vs. 19.1%).19 Another study with 656 pa� ents revealed that the prevalence 
of VTE can be decreased to 1.4% if fondaparinux in con� nued between 
25 to 31 days a� er the opera� on. The prevalence of VTE in the group of 
pa� ents that received placebo in this study was 35%.20 The Level of Evidence 
for fondaparinux in pa� ents with a hip fracture is 1.19,20 In a study where 
postopera� ve prophylaxis with vitamin K antagonists (n=65) was compared 
with placebo (n-63) were the vitamin K antagonists more eff ec� ve.21 
However, in a meta-analysis the vitamin K antagonists were less eff ec� ve 
than LMWH a� er large Orthopedic opera� ons.22 The Level of Evidence for 
vitamin K antagonists following hip fracture surgery is two.21,22 

Advise: fondaparinux is the medicine of choice for VTE prophylaxis in 
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pa� ents with a hip fracture. The administra� on is started between 6-8 
hours a� er the opera� on and con� nued for four weeks. If the opera� on is 
postponed LMWH can be given from admission un� l 10-24 hours before the 
opera� on.23 LMWH have a shorter half-life than fondaparinux. Therefore, 
they are more suitable for preopera� ve VTE prophylaxis.24 Pa� ents that were 
using vitamin K antagonists before the fracture should stop this at least three 
days before the opera� on. In case the pa� ent uses fenprocoumon (which 
has a longer half-life) this period is 5 to 7 days. Because these pa� ents use 
the vitamin K antagonists for a reason, a longer stopping period is generally 
not desired. Postopera� ve con� nua� on of the vitamin K antagonists (instead 
of fondaparinux) can be considered in these pa� ents.
 

Polytrauma� zed pa� ents 

In polytrauma� zed pa� ents the prevalence of VTE can be up to 60%.25 There 
have been few randomized studies of VTE prophylaxis in this group of trauma 
pa� ents. In a study in 265 pa� ents with an Injury Severity Score of 8 or more, 
LMWH were more eff ec� ve than unfrac� onated heparin (31 versus 44%).26 
In a study in 118 pa� ents with blunt force trauma, LMWH proved to be a 
safe method of VTE prophylaxis. The prevalence of VTE in this study was 2% 
(measured with Duplex).1 In a prospec� ve cohort study for LMWH in pelvic- 
and acetabulum fractures the prevalence of VTE was signifi cantly lower in 
pa� ents who started within 24 hours a� er trauma (or shortly a� er they 
were hemodynamically stable) compared with pa� ents who started later.27 
In a retrospec� ve study in 188 pa� ents, those pa� ents who got the LMWH 
within 48 hours a� er blunt splenic injury did not have more bleedings than 
pa� ents who started a� er 48 hours.28 The ‘Level of Evidence’ for LMWH is 
2.26-28 From a ‘Evidence’ point of view the gradual compression stockings 
are the best form of mechanical VTE prophylaxis.29 This is partly because 
the compliance of the pneuma� c compression devices is low.8 The ‘Level 
of Evidence’ for the stockings is 2.29 The main problem in Vena Cava fi lters 
concerns the long-term risks. In a follow-up study of 30 pa� ents with a Vena 
Cava fi lter, 47% of the pa� ents turns out to have DVT.30 In a study in 163 
pa� ents with removable fi lters, removal was a� empted in only 23% of the 
fi lters (which was successful in 84% of these pa� ents).11 

Advise: we advise to use mechanical VTE prophylaxis in trauma pa� ents with 
an absolute contra-indica� on for medicinal prophylaxis. Because the risk 
for bleeding is signifi cantly reduced at 24 hours a� er trauma, LMWH could 
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be started at that � me (a� er consul� ng a trauma surgeon). Prophylaxis is 
advised during the period of immobiliza� on (at least during the period of 
hospitaliza� on). In elec� ve opera� ons, LMWH can be administered un� l 19-
24 hours before the opera� on and from 12-24 hours a� er the opera� on. 

Neurotrauma
The prevalence of VTE in pa� ents with neurotrauma is high.30 Probably 
because people fear for (intracranial) bleeding few ar� cles describe the value 
of medicinal VTE prophylaxis in these pa� ents. The safety of LMWH following 
trauma� c intracranial bleeding has been assessed in a study in 150 pa� ents 
who were administered LMWH 24 hours a� er trauma or craniotomy. The 
bleeding increased (according to the CT images) in 34 pa� ents. In 28 of these 
pa� ents this happened before the administra� on and in 6 pa� ents a� er the 
administra� on of LMWH.2 Using Duplex, DVT was found in only 2% of these 
pa� ents. They concluded that LMWH are safe in pa� ents with neurotrauma.2  

In another study in 344 pa� ents with trauma capi� s, LMWH was administered 
25 hours a� er trauma (unless there were contra-indica� ons).31 None of the 
pa� ents was clinically suspected to have DVT. An increase of the intracranial 
bleeding was observed in 3%V of the pa� ents. In an RCT with 120 pa� ents 
with neurotrauma, the LMWH did not cause less DVT than pneuma� c 
compression (5 and 7% respec� vely).32 The American College of Chest 
Physicians concluded in their Consensus Conference on An� thrombo� c 
and Thromboly� c Therapy that the pooled rate of intra cranial bleeding is 
2.1% following LMWH and 1.1% following mechanical prophylaxis and no 
prophylaxis.33 In addi� on, the combina� on of gradual compression stockings 
and LMWH is more eff ec� ve than the applica� on of the stockings alone. The 
‘Level of Evidence’ for LMWH and mechanical prophylaxis is two.31-33

Advise: the pneuma� c compression can be used in pa� ents with neurotrauma 
during the opera� on. However, the exact value is unknown. LMWH can be of 
value and safe when started 24 hours a� er trauma or craniotomy. In case of 
contra indica� ons for medicinal prophylaxis mechanical prophylaxis can be 
used. The prophylaxis is con� nued during the period of immobiliza� on (at 
least during the period of hospitaliza� on). 
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Burns

The prevalence of VTE in pa� ents with burns can reach 23%.34 Factors that are 
related to an increased risk in these pa� ents are a high age, large burnt body 
surface area, and obesity.35 In addi� on, immobility, surgical interven� ons 
and systemic hypercoagulopathy play an important role.33,36 
A survey in 71 Burn Centers in the United States revealed that 76% rou� nely 
administered VTE prophylaxis.37 There are li� le studies with reliable screening 
methods or large numbers of pa� ents. We did not fi nd an RCT on the eff ect 
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of VTE prophylaxis in burn pa� ents. In a retrospec� ve analysis of 4102 burn 
pa� ents who were administered prophylac� c heparin, 0.25% had DVT and 
0.05 had PE. These were clinical diagnoses.36 The ‘Level of Evidence’ for VTE 
prophylaxis in burn pa� ents is three.36

Advise: there is no evidence for the eff ec� veness of VTE prophylaxis in burn 
pa� ents. Based on the evidence in other trauma pa� ents, VTE prophylaxis in 
these pa� ents should be considered.33 

Figure 1b. Evidence-based fl ow chart of the types of trauma pa� ents and the strategy for 
thrombosis prophylaxis.

Figure legend: LMWH: Low Molecular Weight Heparin; *Standard distribu� on LMWH on the 

ward.
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Discussion

The prevalence of VTE is a subject that has interna� onal interest. The 
morbidity and mortality that can be caused by (a)symptoma� c thrombosis 
are widely recognized. The same counts for the need for VTE prophylaxis. 
The categories of trauma pa� ents diff er markedly in the number of well 
designed studies that are available. The category of pa� ents with a hip 
fracture, where the prevalence of VTE is rela� vely high, has been studied 
most extensively. These are also the only pa� ents in which fondaparinux has 
been tested. The eff ect of medicinal prophylaxis and the danger of bleeding 
in polytrauma� zed and neurotrauma pa� ents has not been studied well. 
These are the pa� ents where the highest risk of bleeding goes hand in hand 
with the highest risk of VTE. However, the risk of bleeding complica� ons 
seems to be low. Li� le is known about the eff ec� veness and safety of VTE 
prophylaxis in burn pa� ents. The advises are largely conform the guideline 
‘Deep venous thrombosis and pulmonary embolism’ [1999] of the Dutch  
Ins� tute for Healthcare Improvement (CBO).38 The advises are summarized 
in Figure 1. 

Conclusion

VTE prophylaxis is indicated in most trauma pa� ents. There is a trend towards 
a broader use in polytrauma� zed and neurotrauma pa� ents. 
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Abstract 

Background
Falls from height are a major cause of morbidity and mortality. Injuries to 
the extremi� es and head are common. However, li� le has been reported on 
abdominal injuries or their treatment.

Objec� ve
This study aimed to assess the abdominal injuries, treatment and long-term 
outcome a� er falls from height.

Methods
The authors iden� fi ed all pa� ents with a fall of fi ve meters or more, extracted 
addi� onal informa� on from medical records, and used the EuroQol 6D (EQ-
6D) ques� onnaire to assess long-term outcome.

Results
One hundred and thirty-nine pa� ents (median age 31 years) were included. 
There were 106 men and 33 women. Forty-one had abdominal injuries. 
There were thirteen retroperitoneal hematomas, eleven liver lacera� ons, 
nine kidney lacera� ons, and eight spleen lacera� ons. Eleven pa� ents re-
quired emergency laparotomy or endovascular sten� ng/coiling to stop the 
bleeding. Abdominal injuries were associated with a higher Injury Severity 
Score, lower and longer hospital stay. Pa� ents with abdominal injuries had 
a tenfold higher mortality than those without abdominal injuries (19.5% 
versus 2.0%). In surviving pa� ents, abdominal injuries were not associated 
with lower EQ-6D domain scores.

Conclusion
Abdominal injuries were common and associated with a tenfold increase in 
mortality. In survivors, abdominal injuries were not associated with a worse 
long-term outcome. 
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Introduc� on

Falls from height are an infamous cause of blunt trauma and a major cause of 
morbidity and mortality. The literature reveals that up to 20%t of hospitalized 
trauma pa� ents have sustained a fall from height.1

Falls from height are predominantly an urban phenomenon and can be 
divided into inten� onal falls and uninten� onal falls.2,3 Common examples 
of inten� onal falls are suicide a� empts, while common examples of un-
inten� onal falls are industrial fall-accidents while working at height. 
The pa� ern of fall-related injuries tends to be diff erent from the pa� ern seen 
in other causes of polytrauma.4 Injuries to the upper and lower extremi� es 
are most commonly reported, and the majority of fractures occur in the 
distal parts of the extremi� es.5,6 The most common site of severe injuries 
is the head, with a prevalence of up to 20%, followed by the chest and 
abdomen.2,4,7 The further the fall, the more severe the associated injury.5,6 

The prevalence of injuries to extremi� es and head a� er falls is well 
known.1,4,5,8 However, much less has been reported on the abdominal injuries 
that result from the blunt trauma� zing forces a� er a fall. These forces result 
from decelera� on during landing. This releases a large amount of energy 
that is responsible for the abdominal injuries.8 The reported incidence of fall-
related abdominal injuries ranges from 3% to approximately 20%.1,8,9 Some 
studies report a high frequency of abdominal injuries in people who fall to 
their death.2,5 However, no rela� on has been reported between abdominal 
injuries and the height of the fall. To our knowledge, no study has reported 
on the treatment of blunt force abdominal injuries a� er falls from height. 
Several studies have shown that the height of the fall is a prognos� c parameter 
of mortality (i.e. higher falls carry a greater mortality risk).2,5,10 For surviving 
pa� ents, however, li� le is known about the long-term func� onal outcome 
a� er a fall from height. 
The aim of this study was to assess the abdominal injuries, as well as 
treatment and long-term outcome in pa� ents who have fallen from a great 
height. We hypothesize that abdominal injuries occur frequently in pa� ents 
who fall from height. We further hypothesize that the long-term outcome is 
strongly infl uenced by the injuries sustained in the fall. 
 

Materials and Methods

In this retrospec� ve study, the authors iden� fi ed all fall pa� ents by searching 
our hospital’s Trauma registry from January 2004 through December 2007. 
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This is a prospec� vely maintained database containing informa� on on all 
trauma pa� ents admi� ed to our hospital. Only those pa� ents in whom it 
was certain that they had sustained a free fall (i.e. no staircase falls) of at 
least fi ve meters, were included in this study. The authors used the most 
reliable source available to establish the height of the fall. If the height of 
the fall was reported by number of fl oors, the authors used a fl oor height of 
three meters to count the number of meters fallen. The fall was interpreted 
as a suicide a� empt if the fi rst responders reported that the pa� ent had 
jumped with the inten� on of commi�  ng suicide. 
The authors extracted most informa� on directly from the trauma registry, 
which provided informa� on on age, gender, number and severity of injuries, 
length of stay in an Intensive Care Unit (ICU), and on hospital stay, and 
mortality. In addi� on, trauma scores such as the Glasgow Coma Scale (GCS), 
Weighted Revised Trauma Score (RTS) at admission, Abbreviated Injury Score 
(AIS), and Injury Severity Score (ISS) were adopted from the trauma registry. 
The medical records provided addi� onal informa� on, including imaging and 
laboratory results, and treatment.
The EuroQol 6D (EQ-6D) ques� onnaire (including the Visual Analogue Scale 
(VAS)) was used to assess the long-term outcome. The EQ-6D was mailed to 
all surviving pa� ents with known addresses. The scores for the six domains 
were compared to the scores for the general Dutch popula� on.11 

Sta� s� cal analysis
Data were analysed using SPSS version 14.0.2. The main outcome measures 
were descrip� on of age, sex distribu� on and the injury pa� erns of those 
presen� ng to the Emergency Department (ED) with a staircase fall injury. The 
length of stay in the ED and in hospital and its correla� on with age, sex, and 
injury pa� ern was also reported. Our study data were compared with na� onal 
data to assess the diff erences in distribu� on. Sta� s� cal signifi cance was 
assessed using Chi2, Fisher’s exact, and Mann-Whitney U tests as appropriate. 
Correla� ons were assessed using the Pearson and Spearman correla� ons as 
appropriate. In order to compensate for mul� ple tes� ng, diff erences were 
considered to be signifi cantly diff erent if the p-value was less than 0.01.
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Results

General pa� ent characteris� cs
One hundred thirty-nine pa� ents fulfi lled the inclusion criteria. Table 1 lists 
the pa� ent characteris� cs. 

There were 106 men (76.3%) and 33 women (p<0.001) with a median age of 
31 years (range, 1 - 80). Seventeen pa� ents (12.2%) had a detectable blood 
alcohol level and 21 pa� ents (15.1%) were under the infl uence of drugs 
(most commonly cannabis and/or cocaine). In 37 pa� ents (26.6%), the fall 
was the result of a� empted suicide. Figure 1 lists the causes of falling in the 
study cohort. 

Male n (%) 106 76.3

Age (years) med (range) 31.0 1 – 80 

Height (meters) med (range) 8.0 5 – 36

Hospital stay (days) med (range) 9.0 0 – 84

ICU stay (days) n (%) 52 37.4

ISS med (range) 18.0 0 – 75

RTS med (range) 7.8 1.5 – 7.8

GCS med (range) 15.0 3 – 15

Abdominal injuries n (%) 41 29.5

Mortality n (%) 10 7.2

Table legend: ICU: Intensive Care Unit; ISS: Injury Severity Score, RTS: Weighted Revised 
Trauma Score; GCS: Glasgow Coma Scale.

Table 1. Pa� ent characteris� cs.
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Abdominal injuries
A total of 41 pa� ents (29.5%) sustained abdominal injuries. Table 2 lists 
the most prevalent combina� ons of injuries to the abdomen and bony 
structures that surround the abdomen. The most prevalent abdominal 
injuries were retroperitoneal hematomas (n= 13), liver lacera� ons (n=11), 
kidney lacera� ons (n=9), and spleen lacera� ons (n= 8). Twenty-nine of the 45 
pa� ents with pelvic fractures sustained abdominal injuries. Twenty of the 41 
pa� ents with rib fractures sustained abdominal injuries. Abdominal injuries 
were seen in 16 of the 22 pa� ents with rib fractures. The most prevalent 
combina� on of abdominal injury was retroperitoneal hematoma and liver 
lacera� on. 
Abdominal injuries were associated with signifi cantly higher falls, longer 
hospital stays, higher Injury Severity Scores, lower Revised Trauma Scores 
and lower Glasgow Coma Scale scores. In addi� on, mortality in pa� ents

Falls � 5 meters
n = 139

Suicide attempts
n = 37

Other causes
n = 102

Non-suicidal jumps
n = 13

Private setting falls
n = 50

Work-related falls
n = 35

Falls resulting from violence
n = 3

Unknown cause
n = 1

Figure legend: n: number of patients. 

Figure 1. Causes of falls and number of pa� ents per group.
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with abdominal injuries was ten � mes higher than in pa� ents without 
abdominal injuries (Table 3). The mortality increased in pa� ents with more 
severe abdominal injuries. Eight of the 40 pa� ents with an abdominal AIS of 
2 or more died. Seven of the 26 pa� ents with an abdominal AIS of 3 or more 
died. Finally, four of the seven pa� ents with an abdominal AIS of 4 died. 

N

Pelvic
fractures

Rib fractures

Retroperitonealhem
atom

a

Spinal fractures (Th
and/or L)

Liverlaceration

Kidney
laceration

Spleen laceration

M
esenteriallaceration

M
ajor artery

laceration

U
rethrallaceration

Pelvic fractures 45 -

Rib fractures 41 21 -

Retroperitoneal hematoma 13 13 7 -

Spinal fractures (T and/or L) 33 10 10 5 -

Liver laceration 11 10 7 4 1 -

Kidney laceration 9 6 7 2 2 2 -

Spleen laceration 8 4 5 1 0 3 3 -

Mesenterial laceration 4 4 2 2 0 4 0 2 -

Major artery laceration 5 3 3 0 1 0 2 2 0 -

Urethral laceration 4 4 2 2 1 0 1 1 0 0 -

Table legend: * T: Thoracic vertebra(e); L: Lumbar vertebra(e).

Table 2. The most prevalent combina� ons of injuries adjacent to or within the abdomen.

Abdominal injuries
N = 41

No abdominal injuries 
N = 98

P-value

Male n (%) 29 77 78.6 0.322

Age (years) med (range) 33.0 5 – 77 31.0 1 – 80 0.100

Height (meters) med (range) 9.0 5 – 36 7.0 5 – 24 0.001*

Hospital stay (days) med (range) 24.0 0 – 84 7.5 0 – 60 0.004*

ICU admission n (%) 2 26 26.5 <0.001*

ISS med (range) 33 4 – 75 13 0 – 66 <0.001*

RTS med (range) 6.9 1.5 – 7.8 7.8 3.4 – 7.8 <0.001*

GCS med (range) 11 3 – 15 15 3 – 15 <0.001*

Mortality n (%) 8 2 2.0 0.001*

Table legend: ICU: Intensive Care Unit; ISS: Injury Severity Score, RTS: Weighted Revised Trauma Score; GCS; Glasgow Coma Scale; 
GOS-E: Extended Glasgow Outcome Sale; * Significant at P<0.010.

Table 3. Characteris� cs of pa� ents with abdominal injuries compared with pa� ents
with no abdominal injuries.
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Eleven pa� ents with abdominal injuries required an interven� on to stop the 
bleeding. In seven pa� ents, arterial bleeding was controlled by endovascular 
interven� on (sten� ng and/or coiling). Six pa� ents required emergency 
laparotomy and one pa� ent underwent laparotomy one day a� er the 
accident. In two pa� ents, arterial bleeding was controlled with endovascular 
coiling prior to laparotomy. The most common indica� on for emergency 
laparotomy was liver lacera� on (n=5), o� en in combina� on with mesenterial 
lacera� on (n=4). Three of these pa� ents suff ered a spleen lacera� on and 
two of them underwent splenectomy. Of the four pa� ents who underwent 
emergency laparotomy and died during or directly a� er the opera� on, all 
suff ered uncontrollable hemorrhagic shock and three pa� ents suff ered 
severe trauma� c brain injury. 

Long-term outcome
One hundred twenty-one pa� ents (87.1%) were available for follow-up. The 
pa� ents who were not available for follow-up were either deceased (n=10), 
temporary visitors (e.g. tourists, n=6), or pa� ents without a permanent 
residence or whose address was unknown. The 121 pa� ents received the 
EQ-6D by mail. Fi� y-six pa� ents (46.3%) completed and returned the EQ-6D. 
The follow-up period ranged from 6 to 48 months (median, 20 months). The 
response rate was 43.3% (n=13) in the group of pa� ents with abdominal 
injuries, and 47.3% (n=42) in the group without abdominal injuries. Figure 2 
shows the scores per domain of the EQ-6D for the pa� ents with abdominal 
injuries, the pa� ents without abdominal injuries, the total study cohort, and 
the general Dutch popula� on. 

The domain ‘mobility’ was signifi cantly worse in the pa� ents with abdominal 
injuries. There was no diff erence in the prevalence of severe problems 
between the abdominally injured and the non-abdominally injured in any 
domain. The scores for all domains were signifi cantly lower in the total 
study cohort than in the general Dutch popula� on (i.e. the pa� ents in the 
total study cohort reported signifi cantly more problems in all domains). The 
median VAS score was 70 (range 10-80) in the abdominally injured compared 
with 75 (range 33-100) in the non-abdominally injured.
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Discussion

This study has shown that more men than women fall from height and that 
a� empted suicide is a common cause. The prevalence of abdominal injuries 
(29.5%) was high, and approximately one in four required an opera� ve or 
endovascular interven� on to stop the bleeding. Mortality in pa� ents with 
abdominal injuries was ten � mes higher than in pa� ents without abdominal 
injuries. Long-term outcome did not diff er substan� ally between the ab-
dominally injured pa� ents and the other pa� ents. 
Morbidity and mortality is known to occur at lower falls heights than fi ve 
meters.12,13 However, we choose a cut off  of fi ve meters or more because 
it excludes all pa� ents who fell from one fl oor. In this series we aimed to 
describe the higher falls. The gender distribu� on in this study was similar 
to that found by other authors.1,3,5,6 The median age in this study (31 years) 
was lower than other comparable studies.1,14-16 The median ISS in this cohort 
was similar to that found in other studies.15,16 Only one study reported a 
markedly higher ISS of 29.1 
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At 29.5%, this study showed a rela� vely high prevalence of abdominal 
injuries which was much higher than reported in other studies.1 This may 
be partly because of the me� culous trauma registry in our hospital where 
the AIS coding is done by the trauma surgeons. All trauma pa� ents who are 
presented to our hospital undergo a Focused Abdominal Sonography for 
Trauma (FAST) by a radiologist or radiology resident. Our hospital is equipped 
with a CAT scan in the resuscita� on room.17 Therefore, all hemodynamically 
instable pa� ents and pa� ents with suspected abdominal injury undergo an 
immediate CAT scan with intravascular contrast. The FAST and CAT scan, 
as well as the fi ndings during laparotomy enable very accurate scoring 
of abdominal injuries. The high prevalence of liver lacera� ons was in line 
with the literature.2 Retroperitoneal hemorrhage and internal iliac artery 
lacera� ons are counted as abdominal injuries because the exact loca� on of 
the injury is within the abdominal region. Furthermore, AIS coding guidelines 
classify these injuries as abdominal injuries.18 
In this cohort, the abdominal injuries were associated with greater fall 
heights. It seems probable that abdominal injuries are part of a more severe 
injury pa� ern and a poorer physiological condi� on (i.e. lower RTS). In pa� ents 
with abdominal injuries mortality was not only signifi cantly higher but it also 
increased markedly in accordance with the severity of the abdominal injuries. 
This fi nding is in concordance with the literature.5 This study is one of the 
fi rst to describe the treatment of abdominal injuries following this type of 
blunt force trauma. The number of pa� ents who required an interven� on 
is in line with other reports.19 Interven� onal radiological techniques such as 
endovascular sten� ng or coiling are readily available at our Trauma Center 
and were applied to control arterial hemorrhage in 17% of the pa� ents with 
abdominal injuries. In two pa� ents, the endovascular arterial hemorrhage 
control was combined with venous hemorrhage control at emergency 
laparotomy. 
The overall mortality in this study (7.2%) was lower than that found in other 
studies. Two studies reported mortality of 5.2% and 5.8%, however the 
median fall heights were 5.6 meters and 4.5 meters, compared with 8 meters 
in our study.6,7 Three other studies, in which the median fall height was 10.6 
meters, 10.9 meters, and 11.1 meters, reported mortality of 33.3%, 20.4%, 
and 35.5% respec� vely.1-3

Despite the fact that the abdominal injuries occurred in pa� ents who were 
generally more severely injured than those without abdominal injuries, no 
diff erence between the groups was seen in four of the fi ve EQ-6D domains. 
Furthermore, there was no diff erence in the prevalence of severe problems. 
This eff ect could be a� ributable to the op� mal care provided by a Level-1 
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trauma care facility. However, since the response rate in this study was rather 
low, the results of the EQ-6D should be seen in perspec� ve. Because long-
term outcome data in trauma are important but infrequently reported we felt 
obliged to report these data. In order to account for the low response rate, we 
choose to present the raw data rather than analyze it.11 Comparison of our 
study data with the data from the general Dutch popula� on revealed that all 
pa� ents who have fallen from height suff er from the long-term consequences 
of their injuries. 
This study has several limita� ons. Firstly, it was based on data collected in a 
single Level-1 Trauma Center. Secondly, the individuals who sustained a fall 
from height and died on the scene were not included in this study. In the 
Netherlands, the bodies are taken directly to the mortuary, and not to the 
hospital. Therefore, it is impossible to calculate the overall mortality falls 
from height or calculate its rela� on to the height of the fall. Thirdly, the study 
suff ers from the known disadvantages of retrospec� ve database analyses. 

Conclusion

Based on the results of this study, we conclude that the majority of pa� ents 
who fall from height are male and that inten� onal falls in suicidal people 
cons� tute a large percentage of the total group. Abdominal injuries were 
common (29.5%) and associated with a tenfold increase in mortality. 
Survivors suff ered from signifi cant long-term consequences of their injuries. 
However, there was no diff erence in long-term outcome between those with 
abdominal injuries and those without abdominal injuries.
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Abstract

Background
In some cases of abdominal trauma or infec� on, edema or packing precludes 
fascial closure a� er laparotomy. This ‘open abdomen’ must then be 
temporarily closed. However, the FC rate varies between techniques. 

Objec� ve
This study aimed to systema� cally review the literature to assess which 
temporary abdominal closure (TAC) technique is associated with the highest 
delayed primary fascial closure (FC) rate.

Methods
The Cochrane Register of Controlled Trials, MEDLINE and EMBASE databases 
were searched un� l December 2007. References were checked for addi� onal 
studies. Search criteria included (synonyms of): ‘open abdomen’, ‘fascial 
closure’, ‘vacuum’, ‘re-approxima� on’ and ‘ventral hernia’. ‘Open abdomen’ 
was defi ned as ‘the inability to close the abdominal fascia a� er laparotomy’. 
Two reviewers independently extracted data from original ar� cles using a 
predefi ned checklist.

Results
The search iden� fi ed 154 abstracts of which 96 were considered relevant. No 
compara� ve studies were iden� fi ed. A� er reading them, 51 ar� cles, including 
57 case series were included. The techniques described were VAC (8 series), 
vacuum pack (15 series), ar� fi cial burr (4 series), mesh/sheet (16 series), 
zipper (7 series), silo (3 series), skin closure (2 series), dynamic reten� on 
sutures and loose packing (1 series each). The highest FC rates were seen 
in the ar� fi cial burr (90%), DRS (85%), and VAC (60%). The lowest mortality 
rates were seen in the ar� fi cial burr (17%), VAC (18%), and DRS (23%).

Conclusion
These results may suggest that the ar� fi cial burr and the VAC are associated 
with the highest closure rates as well as the lowest mortality rates.
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Introduc� on

At the end of most laparotomies, the abdominal fascia can be closed 
primarily. However, some� mes full fascial closure is not possible and the 
opera� ng surgeon is forced to leave the abdomen open. The open abdomen 
is associated with mortality rates of over 30%.1-4

In general, three scenarios commonly result in the commencement of an open 
abdomen. In peritoni� s pa� ents, the infec� on causes bowel oedema. During 
laparotomy, the expansion of the bowel may force the surgeon to leave the 
abdomen open. The increased intra-abdominal pressure in pa� ents with an 
Abdominal Compartment Syndrome (ACS) o� en requires a ‘decompressive 
laparotomy’. In severe cases, however, the intra-abdominal pressure persists 
a� er the laparotomy and the surgeon must leave the abdomen open. Many 
trauma pa� ents with intra-abdominal bleeding require damage control 
surgery. This consists of rapid assessment of the injuries and control of 
bleeding by direct suture/liga� on or gauze packing. As part of the damage 
control surgery, the abdomen may be le�  open or the bowel oedema and/or 
the gauze packing may simply preclude full fascial closure in these pa� ents. 
The open abdomen requires temporary closure. Several techniques are 
available for this temporary abdominal closure (TAC) (Table 1).5-12

 

Technique Description Mechanism

Vacuum Assisted Closure 
(VACTM)

A perforated plastic sheet covers the viscera and a sponge is placed
between the facial edges. The wound is covered by an airtight seal, which
is pierced by a suction drain that is connected to a suction pump and fluid
collection system.

The (active and adjustable) negative pressure supplied by the
pump keeps constant tension on the fascial edges while it collects
excess abdominal fluid and helps to resolve oedema.

Vacuum pack A perforated plastic sheet covers the viscera, damp surgical towels are
placed in the wound, and a surgical drain is placed on the towels. An
airtight seal covers the wound and negative pressure is applied through
the drain.

The negative pressure keeps constant tension on the fascial edges
and excess fluid is collected.

Artificial burr 
(Wittmann patch)

Two opposite Velcro sheets (hooks and loops, one on each side) are
sutured to the fascial edges. The Velcro sheets connect in the middle.

This technique allows for easy access and stepwise re-
approximation of the fascial edges.

Dynamic Retention sutures The viscera are covered with a sheet (e.g. ISODrape™). Horizontal sutures
are placed through a large-diameter catheter and through entire
abdominal wall on both sides.

The sutures keep tension on the fascia and may be tightened to
allow staged re-approximation of the fascial edges.
May be combined with a Vacuum system.

Plastic silo (Bogotá bag) A sterile X-ray film cassette bag or sterile 3-Litre Urology irrigation bag is
sutured between the fascial edges or the skin and opened in the middle.

This is an easy technique allows for easy access. The bag may be
reduced in size to approximate the fascial edges.

Mesh/sheet An absorbable or non-absorbable mesh or sheet is sutured between the
fascial edges. Examples are the DexonTM mesh, MarlexTM mesh, and
VicrylTM mesh. Examples of Sheets are the SilasticTM or silicone sheets.

The mesh or sheet may be reduced in size to allow for re-
approximation. Non-resorbable meshes may be removed or left in
place at the end of the open abdominal period.

Loose packing The fascial defect is covered by standard wound dressing only. This technique is simple but does not prevent fascial retraction.

Skin approximation The skin is closed over the fascial defect with either towel clips or a
running suture.

The skin provides a ‘natural cover’ for the viscera but the towel
clips obstruct radiological imaging and does not prevent fascial
retraction.

Zipper A mesh or sheet with a sterilized zipper is sutured between the fascial
edges.

This technique is comparable to the mesh/sheet, and allows for
easy access.

Table 1. Characteris� cs of the Temporary Abdominal Closure (TAC) techniques.
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Following temporary abdominal closure, the abdominal fascia must be 
closed primarily. The fi rst goal is delayed primary fascial closure; however, 
many surgeons do not a� empt primary fascial closure at all. O� en, they use 
mesh and/or granula� on � ssue with split-thickness skin gra� ing to close 
the abdominal wound. In case of persistent visceral oedema, loss of domain 
or lateral retrac� on the only op� on is to close the wound with mesh or 
granula� on � ssue with split-thickness skin gra� ing. In doing so they create a 
‘planned ventral hernia’ which can be corrected at a later stage. 
All pa� ents that do not receive delayed primary fascial closure are at risk 
of developing a ventral hernia. These ventral hernias (whether planned or 
unplanned) may cause a considerable burden. Although surgical correc� on 
of a ventral hernia is possible, recovery frequently takes several months. 
Furthermore, reconstruc� ve surgery, like all abdominal surgery, carries a risk 
of mortality. The surgeon must take these burdens and risks into account 
when he decides on the strategy for TAC or permanent abdominal closure. 
However, there have been no (randomized) compara� ve trials on the eff ect of 
the TAC strategy on the delayed primary fascial closure rate. Furthermore, it is 
unknown what factors infl uence the delayed primary fascial closure rate. 
Therefore, the aim of the present study was to systema� cally review the 
literature on temporary closure of the open abdomen to assess which TAC 
technique is associated with the highest delayed primary fascial closure 
rates. 

Materials and Methods

Literature search
The authors searched the Cochrane Database of systema� c reviews, the 
Cochrane Central Register of controlled trials, and MEDLINE databases using 
keywords related to open abdominal treatment (Table 2).
In addi� on, they hand-searched electronic links to related ar� cles and 
references of selected ar� cles. The search period started in 1966 and 
extended un� l December 2007. They did not hand-search journals and 
conference proceedings. The search was not restricted to any language, 
however in the systema� c review only studies published in English, German 
or Dutch were taken into account. 

Study selec� on and data extrac� on
The authors included all original ar� cles on open abdominal treatment that 
men� oned a delayed primary fascial closure rate. The defi ni� on of open 
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abdominal treatment included ‘the inability to close the abdominal fascia 
a� er laparotomy’. Exclusion criteria were: reviews, series of less than fi ve 
pa� ents, non-consecu� ve inclusion period, series with subcostal incisions, 
and mul� ple TAC techniques in the same study popula� on. Two inves� gators 
(PBvH, JW) independently extracted data from the original studies using a 
preforma� ed sheet. These data included the inclusion period, number of 
pa� ents, underlying condi� on, age, gender, Injury Severity Score (ISS)13, 
APACHE (Acute Physical And Chronic Health Evalua� on) II.14 Other collected 
data included TAC technique, mortality, complica� ons (i.e. abscesses, 
fi stulae) and number of surgical interven� ons un� l fi nal closure, dura� on of 
TAC, Intensive Care Unit stay, length of hospital stay, percentage of delayed 
primary fascial closure, permanent abdominal closure, planned ventral 
hernias, and length of follow-up.
The two inves� gators cri� cally appraised each selected study using a 
modifi ed form as proposed by the Dutch Cochrane Collabora� on.15 In case 
of retrospec� ve analysis of data collected prospec� vely, a study was defi ned 
as prospec� ve. Final inclusion was done a� er consensus was reached. The 
inves� gators resolved the discrepancies in judgment by discussion. In case 
an ar� cle described separate series with specifi c pa� ent groups (underlying 
condi� ons or TAC techniques) each series was assessed separately. The 
authors contacted the corresponding authors of ar� cles in case some of the 
reported data was unclear. They did not contact all corresponding authors in 
order to retrieve all missing data. 

Search terms

MeSH: Not used

Free Text words: (open abdomen OR laparostomy OR open
peritoneal cavity OR celiotomy OR open
management abdomen OR abdominal wall
defect OR open abdominal wound) AND
(VAC OR V.A.C. OR vacuum OR closure
OR reapproximation OR re-approximation
OR fascial closure OR ventral hernia OR
temporary abdominal closure OR bogota
bag OR fascial dehiscence ) 

Field: All Fields

Limits: None

Table legend: MeSH: medical subject headings

Table 2. Search terms, as used in the systema� c review.
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Analysis and presenta� on of data
The authors analysed the data per technique. They calculated the delayed 
primary fascial closure rate by dividing the number of pa� ents with delayed 
fascial closure by the total number of included pa� ents. They pooled the 
percentages of delayed primary fascial closure, male pa� ents, fi stulae and 
abscesses as well as the median age per TAC technique. The concerning 
percentages were weighted for study size (1/variance). For calcula� ng the 
mortality rate, only the in-hospital mortality was taken into account. 
 

Findings and Review

Included studies
The searches iden� fi ed 1493 ar� cles. Based on the � tle, 154 ar� cles remained. 
A� er reading the abstracts, the authors excluded 58 ar� cles because they 
did not meet the inclusion criteria. Five of these abstracts were excluded 
because the ar� cles were wri� en in Chinese, Norwegian, French (all once), 
or Russian (2 ar� cles). The authors considered 96 abstracts relevant and 
obtained the complete ar� cles. Of these, another 45 ar� cles did not meet 
the inclusion criteria. The remaining 51 ar� cles were included in this review. 
1-9,11,12,16-55 These ar� cles were published between 1981 and 2007. There 
were no randomized controlled trials or other compara� ve studies. The 51 
included ar� cles described 57 case series with 3169 pa� ents. The inclusion 
periods ranged from 6 to 168 months (median, 48 months). 

Pa� ents
Nineteen series described trauma pa� ents only5,8,9,17,18,21-23,29,32,36-40,47,51,55 
and an addi� onal 16 series described trauma, vascular surgery and general 
surgical pa� ents.2,11,24-28,33,34,43,44,48-50 Eight series described peritoni� s pa� ents 
only6,7,12,19,20,35,45,54, and three described vascular pa� ents only.16,18,42 The 
remaining eleven series described general surgical, peritoni� s, pancrea� � s 
and vascular pa� ents.1,3,4,18,21,30,31,41,46,52,53

Forty series (70%) described the gender distribu� on. The percentage of male 
pa� ents ranged from 62 to 94%. Forty-four series (77%) reported the age. 
The median age over these series was 40.1 years (range: 29.5 to 75 years). 
The Injury Severity Score (ISS) was reported in 23 series (39.0%). Nineteen 
series reported the mean ISS (instead of the median ISS) despite the small 
numbers of pa� ents and the fact that the ISS is not a con� nuous variable. 
The reported mean ISS ranged from 20.3 to 30.5. Only two series reported 
the median ISS (41.0 and 30.5). The APACHE II score was reported in 13 series 
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only (22.0%). Eight of these series reported the mean APACHE II despite the 
small numbers of pa� ents and the fact that the APACHE II is not a con� nuous 
variable. The reported mean APACHE II ranged from 17.8 to 24.7. Five series 
reported the median APACHE II. The reported median APACHE II in these 
series ranged from 19.0 to 29.5. 

Temporary closure techniques described
The VAC technique was applied in eight series (Table 3a).3,24,25,34,37,41,47,48 The 
vacuum pack has been described in 15 series (Table 3a).5,18,20-22,28,38,40,44,46,51,53 
Four series described the ar� fi cial burr (Table 3a).1,12,17,29 

Technique Author Year Inclusion Group Patients (n) Mortality (%) Closure (%)

VAC Stonerock 2003 Retrospective Tr; Gs 15 7 67

Miller 2004 Prospective Tr 53 15 72

Stone 2004 - Tr 48 33 54

Labler 2005 - Tr; ACS; Pt 18 28 67

DeFranzo 2006 Retrospective Tr; Pt; CS; Gs; Om 30 10 33

Cothren 2006 Retrospective Tr; ACS 14 7 100

Oetting 2006 - Pt; ACS; NF 36 22 72

Perez 2007 Prospective Pt; ACS 37 38 35

Vacuum pack Brock 1995 Retrospective Mi; RAAA; Pc 11 36 18

Brock 1995 Retrospective Tr 17 35 71

Smith 1997 Retrospective Pc; Mi, CD 38 42 55

Sherck 1998 Retrospective Tr; Pt; Mi; Pc; Bl 50 36 68

Barker 2000 Retrospective Tr 112 26 55

Bosscha 2000 Retrospective Pt 67 42 28

Foy 2003 Retrospective Tr; Pt; AAA 134 38 47

Navsaria 2003 Retrospective Tr 55 45 29

Chavarria-Aguilar 2004 Retrospective Tr 29 10 76

Miller 2005 Retrospective Tr 344 20 52

Barker 2007 Retrospective GS 120 23 61

Barker 2007 Retrospective Va 22 41 64

Barker 2007 Retrospective Tr 116 26 58

van As 2007 - Tr 60 42 27

Wilde 2007 Prospective Pt; Mi; Bl 11 0 91

Artificial burr Aprahamian 1990 Prospective Tr 20 20 75

Wittmann 2000 - Pt 128 19 93

Hadeed 2007 Retrospective Tr 26 8 77

Keramati 2007 - ACS 6 67 33

Table legend: Group: (R)AAA = (Ruptured) Abdominal Aortic Aneurysm; ACS = Abdominal Compartment Syndrome; Bl = Bleeding; 
CD = Crohns Disease; GS = General Surgery; Gs = Gastroschisis; Mi = Mesenterial ischaemia; Om = Omphalocele; NF = Necrotizing 
Fasciitis; Pc = Pancreatitis; Pt = Peritonitis; Tr = Trauma; Va = Vascular. - = missing

Table 3a. The VAC, vacuum pack and ar� fi cial burr series.
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Sixteen series described meshes or sheets (Table 3b).8,9,11,16,23,27,32,35,36,39,42,

43,49,50,54,55 Zippers were used in seven series (Table 3b).4,6,19,30,31,45,52 The silo 
was used in three series2,7,11 and skin only in two series.9,11 Loose packing 
and dynamic reten� on sutures were each used in one series (Table 3b).26,33

Fascial closure 
As shown in Table 4, the ar� fi cial burr (90%), the dynamic reten� on sutures 
(85%) and the VAC (60%) showed the highest weighted pooled fascial closure 
rates. The weighted closure rates in the other techniques ranged from 11% 
in the one series with skin only closure to 52% in the vacuum pack series. 

Technique Author Year Inclusion Group Patients (n) Mortality (%) Closure (%)

Mesh/sheet Wouters 1983 Pt 20 20 75

Akers 1991 - Va 6 50 67

Smith 1992 - Tr 5 20 20

Cohn 1995 Retrospective Tr 14 29 64

Fansler 1995 Retrospective Tr; GS; Pc 26 12 15

Nagy 1996 Retrospective Tr 25 30 40

Yeh 1996 Retrospective Tr 36 28 22

Losanoff 1997 - Pt 19 21 79

Sugrue 1998 Prospective Tr; Pt; GS; Va 49 43 33

Töns 2000 - Tr; Pt, IL; Mi 377 21 18

Tremblay 2001 Retrospective Tr; Bl; Pc; Mi 12 33 8

Rasmussen 2002 Retrospective AAA 45 56 31

Schachtrupp 2002 - Tr; Pt; Mi; ACS 40 20 58

Jernigan 2003 - Tr 274 43 14

Howdieshell 2004 - Tr 88 19 27

Mayberry 2004 Retrospective Tr 140 17 31

Zipper Cuesta 1991 Retrospective Pt 7 29 0

Bose 1991 Retrospective Pt 5 60 20

Hannon 1992 - Pt; Mi 8 0 100

Singh 1993 - Pt 8 25 38

Hubens 1994 - Pt; NEC; Pc 23 39 35

Goor, van 1997 Retrospective Pt; Mi 24 29 54

Zingales 2001 Retrospective Pt; Pc; IC; Pi 60 38 20

Silo Doyon 2001 Retrospective Pt 17 18 82

Tremblay 2001 Retrospective Tr; Bl; Pc; Mi 75 53 17

Kushimoto 2007 Retrospective Tr; NT 17 31 29

Skin only Smith 1992 - Tr 8 25 75

Tremblay 2001 Retrospective Tr; Bl; Pc; Mi 93 40 40

Loose packing Duff 1981 Retrospective Tr; Pt 18 39 11

Dynamic Retention Sutures Koniaris 2001 Retrospective Tr; Pt; IL; AAA; ACS; Pc 13 23 85

Table legend: Group: AAA = (Ruptured) Abdominal Aortic Aneurysm; ACS = Abdominal Compartment Syndrome; GS = General Surgery; Mi = Mesenterial ischaemia; 
Pc = Pancreatitis; Pt = Peritonitis; Tr = Trauma; Va = Vascular. - = missing

Table 3b. The mesh/sheet, zipper, silo, skin only, loose packing and dynamic reten� on 
sutures series.
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When calculated per ae� ology, the closure rate was 65% in the nineteen 
trauma-only series, 50% in the seven peritoni� s-only series, 1% in the ACS-
only series, and 43% in the vascular-only series.

Fistulae and Abscesses
Forty-four series (77%) reported the occurrence of fi stulae as a complica� on 
of TAC. Twenty-nine series (51%) reported the number of abscesses. 
Table 4 lists the weighted rates of fi stulae and abscesses for the diff erent 
techniques. 

Mortality
The weighted mortality rate over all techniques was 26% (95% CI: 24 – 27). 
The silo (41%), skin only (39%), and loose packing (39%) showed the highest 
weighted mortality rates. The ar� fi cial burr series (17%) and the VAC (18%) 
showed the lowest overall mortality rates (Table 4). 

Discussion 

Scien� fi c ques� on
In this systema� c review on the treatment of the open abdomen, the highest 
weighted delayed primary fascial closure rates were seen in the series with 
the ar� fi cial burr or VAC. Dynamic reten� on sutures, although described in 
only one series, also showed a high rate of delayed primary fascial closure. 

Case 
series Patients Male patients Age (years) Fistulae Abscesses Mortality Closure

n n % (95% CI) med (range) % (95% CI) % (95% CI) n % (95% CI) n % (95% CI)

VAC 8 251 68 (60 – 77) 41 (35 - 65) 2,9 (0.7 – 5.1) 2.6 (0.2 – 5.0) 56 18 (13 – 22) 149 60 (54 – 66)

Vacuum pack 15 1186 70 (67 – 72) 42,5 (32 - 62) 5,7 (4.3 – 7.0) 4,1 (2.9 – 5.3) 340 27 (24 – 29) 611 52 (49 – 54)

Artificial burr 4 180 94 (87 – 100) 34 (30 - 43) 2,0 (-0.1 – 4.1) 3.0 (-1.9 – 7.9) 34 17 (12 – 23) 156 90 (86 – 95))

DRS 1 13 62 50 NR NR 3 23 11 85

Silo 3 109 74 (65 – 83) 43,9 (40 - 48) 0 6 48 41 (32 – 51) 32 29 (20 – 37)

Mesh/sheet 16 1176 80 (78 – 83) 37 (31 - 75) 5.5 (3.6 – 6.7) 2.1 (0.7 – 3.6) 334 26 (23 – 28) 293 23 (20 – 25)

Loose packing 1 18 NR NR 28 NR 7 39 2 11

Skin only 2 101 90 (84 – 96) 36,1 (32 - 40) NR NR 39 39 (29 – 48) 43 43 (34 – 53)

Zipper 7 135 72 (64 – 80) 46 (32 - 64) 13.8 (7.6 – 20.0) 5.8 (-2.7 – 14.3) 46 33 (25 – 41) 45 39 (31 – 47)

Table legend: 95% CI = 95% Confidence Interval; Med: median; NR: Not Reported. The series reported only the mean age. Therefore, this table lists the median values 
over the reported mean age in the series; All percentages are weighted for study size. 

Table 4. The weighted percentages of male pa� ents, abscesses. fi stulae, mortality, and 
primary delayed fascial closure as well as the median age per Temporary Abdominal Closure 
technique.
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Included series
The included studies were generally retrospec� ve chart reviews and not 
compara� ve trials. Furthermore, most ar� cles revealed li� le informa� on 
about their methodology. Many studies suff ered from considerable bias in 
both pa� ent and treatment selec� on. Instead of using predefi ned criteria, 
pa� ent and treatment selec� on were usually le�  to the discre� on of the 
opera� ng surgeon. Furthermore, the authors did not explain the ra� onale 
behind it. The ar� cles infrequently reported on scoring systems that refl ect 
the severity of the underlying condi� on (e.g. APACHE II and ISS). Therefore, 
the authors of this review were unable to assess the infl uence of the severity 
of the underlying condi� on.
Some techniques were used in only one series (dynamic reten� on sutures 
and loose packing) with less than 20 pa� ents per series. Since this was not 
one of the pre-defi ned exclusion criteria, the authors choose not to exclude 
them. Furthermore, the authors considered it important to describe all TAC 
techniques. However, the results of these single and small series should be 
put into perspec� ve.

Pa� ent characteris� cs
Over all, the majority of pa� ents were male. This could partly be explained by 
the high percentage of male pa� ents in the series with trauma pa� ents. 5,18,38 
However, even the series without trauma pa� ents showed high percentages 
of male pa� ents.4,18,52 The authors did not fi nd a reason for this diff erence in 
the current literature on peritoni� s or pancrea� � s. 

Temporary Abdominal Closure
Although the authors categorized the techniques in this review, the techniques 
were not standardized. Therefore, an unknown amount of prac� ce varia� on 
for each technique remains. Subdivision of the series per pa� ent group and 
technique, however, resulted in small numbers of pa� ents and heterogeneous 
results and was therefore omi� ed. 
The availability and preference for techniques seems to have evolved over the 
past 30 years. At present, vacuum based techniques seem to be popular since 
85% of the studies published since 1998 describe a vacuum technique. 

Fascial closure
For the purpose of this study, the authors pooled the results per technique. 
The ar� fi cial burr, VAC, and dynamic reten� on sutures seemed to produce 
the highest rates of delayed primary fascial closure. These techniques might 
simply have been superior to the other techniques. However, li� le informa� on 
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was available on the severity of the underlying condi� on. Therefore, the 
higher closure rates might have been due to less severe disease (inclusion 
bias). An indica� on for this could be the low mortality rates in these series. 
This, however, remains specula� on. 
As men� oned in the methods, the authors calculated the delayed primary 
fascial closure rate over all included pa� ents. This was done because the 
moment of death (pre- or post-closure) was o� en not recorded. However, 
it is likely that many pa� ents died before closure.32 Therefore, the delayed 
fascial closure rate of the survivors might have been higher than the rates 
reported above. This applies to all TAC techniques. 
Some techniques were used in hundreds of pa� ents whereas others were 
used in less than 20 pa� ents. Although the authors considered this by 
weighing the rates of delayed fascial closure rate and mortality, the reliability 
of the weighted es� mate of fascial closure per series diff ers.

Fistulae and Abscesses
Fistulae and abscesses were the most consistently reported complica� ons. 
However, the reported rates may be an underes� mate. This is because, in 
retrospec� ve chart reviews, complica� ons may be diffi  cult to iden� fy. Like 
the fascial closure, the fi stulae and abscesses could have been the result of 
ini� al peritoneal contamina� on rather than a func� on of the TAC technique. 
Furthermore, a higher likelihood of fi stulae or abscesses might have in-fl uenced 
the choice of technique (inclusion bias). Again, this remains specula� on.

Mortality
All series reported a mortality rate. Despite the high overall mortality, two 
series reported no mortality. This is most likely the result of inclusion bias and 
the small number of pa� ents in these series (eight and eleven pa� ents). The 
four techniques with the highest delayed fascial closure rates also showed 
the lowest mortality rates.

Limita� ons
This systema� c review suff ers from an unknown but presumably large 
amount of inclusion bias and lack of standardiza� on of techniques. Therefore, 
it cannot be determined whether the fascial closure rate and mortality 
shown in this review are the result of the TAC technique, the severity of 
the underlying condi� on, or other factors not included in the retrospec� ve 
studies. These issues stress that, although this is the strongest evidence in 
this fi eld of surgery, the conclusions that can be drawn from this systema� c 
review are limited.
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Conclusion

The results of this review may suggest that the ar� fi cial burr and the VAC are 
associated with the highest closure rates as well as the lowest mortality rates 
(level IV evidence).56 
The lack of high-quality compara� ve data underlines the need for randomized 
clinical trials in this fi eld. The authors do realize, however, that a randomized 
clinical trial in this rare condi� on may be diffi  cult to conduct. 



111

References

  1 Kerama�  M, Srivastava A, Sakabu S et al. The Wi� mann Patchtrade mark 
as a temporary abdominal closure device a� er decompressive celiotomy 
for abdominal compartment syndrome following burn. Burns. 2007.

  2 Kushimoto S, Yamamoto Y, Aiboshi J et al. Usefulness of the bilateral 
anterior rectus abdominis sheath turnover fl ap method for early fascial 
closure in pa� ents requiring open abdominal management. World J Surg. 
2007;31:2-8.

  3 Perez D, Wildi S, Demar� nes N, Bramkamp M, Koehler C, Clavien PA. 
Prospec� ve evalua� on of vacuum-assisted closure in abdominal 
compartment syndrome and severe abdominal sepsis. J Am Coll Surg. 
2007;205:586-592.

  4 Zingales F, Moschino P, Carniato S, Fabris G, Vi� adello F, Corsini A. 
Laparostomy in the treatment of severe peritoni� s: a review of 60 cases. 
Chir Ital. 2001;53:821-826.

  5 Barker DE, Kaufman HJ, Smith LA, Ciraulo DL, Richart CL, Burns RP. Vacuum 
pack technique of temporary abdominal closure: a 7-year experience 
with 112 pa� ents. J Trauma. 2000;48:201-206.

  6 Cuesta MA, Doblas M, Castaneda L, Bengoechea E. Sequen� al abdominal 
reexplora� on with the zipper technique. World J Surg. 1991;15:74-80.

  7 Doyon A, Devroede G, Viens D et al. A simple, inexpensive, life-saving way 
to perform itera� ve laparotomy in pa� ents with severe intra-abdominal 
sepsis. Colorectal Dis. 2001;3:115-121.

  8 Howdieshell TR, Proctor CD, Sternberg E, Cue JI, Mondy JS, Hawkins ML. 
Temporary abdominal closure followed by defi ni� ve abdominal wall 
reconstruc� on of the open abdomen. Am J Surg. 2004;188:301-306.

  9 Smith PC, Tweddell JS, Bessey PQ. Alterna� ve approaches to abdominal 
wound closure in severely injured pa� ents with massive visceral edema. 
J Trauma. 1992;32:16-20.

10 Suliburk JW, Ware DN, Balogh Z et al. Vacuum-assisted wound closure 
achieves early fascial closure of open abdomens a� er severe trauma. J 
Trauma. 2003;55:1155-1160.

11 Tremblay LN, Feliciano DV, Schmidt J et al. Skin only or silo closure in the 
cri� cally ill pa� ent with an open abdomen. Am J Surg. 2001;182:670-
675.

12 Wi� mann DH. Staged Abdominal Repair: Development and Current 
Prac� ce of an Advanced Opera� ve Technique for Diff use Suppura� ve 
Peritoni� s. Acta Chir Austriaca. 2000;32:171-178.

 



112

13 Baker SP, O’Neill B, Haddon W, Jr., Long WB. The injury severity score: 
a method for describing pa� ents with mul� ple injuries and evalua� ng 
emergency care. J Trauma. 1974;14:187-196.

14 Ohmann C, Wi� mann DH, Wacha H. Prospec� ve evalua� on of prognos� c 
scoring systems in peritoni� s. Peritoni� s Study Group. Eur J Surg. 
1993;159:267-274.

15 Therapy checklist (Dutch extended version) of the Dutch Cochrane 
centre. www.cochrane.nl. 2005. Ref Type: Internet Communica� on

16 Akers DL, Jr., Fowl RJ, Kempczinski RF, Davis K, Hurst JM, Uhl S. Temporary 
closure of the abdominal wall by use of silicone rubber sheets a� er 
opera� ve repair of ruptured abdominal aor� c aneurysms. J Vasc Surg. 
1991;14:48-52.

17 Aprahamian C, Wi� mann DH, Bergstein JM, Quebbeman EJ. Temporary 
abdominal closure (TAC) for planned relaparotomy (etappenlavage) in 
trauma. J Trauma. 1990;30:719-723.

18 Barker DE, Green JM, Maxwell RA et al. Experience with vacuum-pack 
temporary abdominal wound closure in 258 trauma and general and 
vascular surgical pa� ents. J Am Coll Surg. 2007;204:784-792.

19 Bose SM, Kalra M, Sandhu NP. Open management of sep� c abdomen by 
Marlex mesh zipper. Aust N Z J Surg. 1991;61:385-388.

20 Bosscha K, Hulstaert PF, Visser MR, van Vroonhoven TJ, van der Werken 
C. Open management of the abdomen and planned reopera� ons in 
severe bacterial peritoni� s. Eur J Surg. 2000;166:44-49.

21 Brock WB, Barker DE, Burns RP. Temporary closure of open abdominal 
wounds: the vacuum pack. Am Surg. 1995;61:30-35.

22 Chavarria-Aguilar M, Cockerham WT, Barker DE, Ciraulo DL, Richart 
CM, Maxwell RA. Management of destruc� ve bowel injury in the open 
abdomen. J Trauma. 2004;56:560-564.

23 Cohn SM, Burns GA, Sawyer MD, Tolomeo C, Milner KA, Spector S. 
Esmarch closure of laparotomy incisions in unstable trauma pa� ents. J 
Trauma. 1995;39:978-979.

24 Cothren CC, Moore EE, Johnson JL, Moore JB, Burch JM. One hundred 
percent fascial approxima� on with sequen� al abdominal closure of the 
open abdomen. Am J Surg. 2006;192:238-242.

25 DeFranzo AJ, Argenta L. Vacuum-assisted closure for the treatment of 
abdominal wounds. Clin Plast Surg. 2006;33:213-24, vi.

26 Duff  JH, Moff at J. Abdominal sepsis managed by leaving abdomen open. 
Surgery. 1981;90:774-778.



113

27 Fansler RF, Taheri P, Cullinane C, Sabates B, Flint LM. Polypropylene mesh 
closure of the complicated abdominal wound. Am J Surg. 1995;170:15-
18.

28 Foy HM, Nathens AB, Maser B, Mathur S, Jurkovich GJ. Reinforced silicone 
elastomer shee� ng, an improved method of temporary abdominal 
closure in damage control laparotomy. Am J Surg. 2003;185:498-501.

29 Hadeed JG, Staman GW, Sariol HS, Kumar S, Ross SE. Delayed primary 
closure in damage control laparotomy: the value of the Wi� mann patch. 
Am Surg. 2007;73:10-12.

30 Hannon RJ, Hood JM, Curry RC. Temporary abdominal closure: a new 
product. Br J Surg. 1992;79:820-821.

31 Hubens G, Lafaire C, De Praeter M et al. Staged peritoneal lavages with 
the aid of a Zipper system in the treatment of diff use peritoni� s. Acta 
Chir Belg. 1994;94:176-179.

32 Jernigan TW, Fabian TC, Croce MA et al. Staged management of giant 
abdominal wall defects: acute and long-term results. Ann Surg. 
2003;238:349-355.

33 Koniaris LG, Hendrickson RJ, Drugas G, Abt P, Schoeniger LO. Dynamic 
reten� on: a technique for closure of the complex abdomen in cri� cally 
ill pa� ents. Arch Surg. 2001;136:1359-1362.

34 Labler L, Keel M, Trentz O. New applica� on of VAC (Vacuum Assisted 
Closure) in the Abdominal Cavity in Case of Open Abdomen Therapy.  
Zentralbl Chir. 2004;129:S14-S19.

35 Losanoff  J, Kjossev K. Palisade dorsoventral lavage for neglected 
peritoni� s. Am J Surg. 1997;173:134-135.

36 Mayberry JC, Burgess EA, Goldman RK, Pearson TE, Brand D, Mullins 
RJ. Enterocutaneous fi stula and ventral hernia a� er absorbable mesh 
prosthesis closure for trauma: the plain truth. J Trauma. 2004;57:157-
162.

37 Miller PR, Meredith JW, Johnson JC, Chang MC. Prospec� ve evalua� on 
of vacuum-assisted fascial closure a� er open abdomen: planned ventral 
hernia rate is substan� ally reduced. Ann Surg. 2004;239:608-614.

38 Miller RS, Morris JA, Jr., Diaz JJ, Jr., Herring MB, May AK. Complica� ons 
a� er 344 damage-control open celiotomies. J Trauma. 2005;59:1365-
1371.

39 Nagy KK, Fildes JJ, Mahr C et al. Experience with three prosthe� c materials 
in temporary abdominal wall closure. Am Surg. 1996;62:331-335.



114

40 Navsaria PH, Bun� ng M, Omoshoro-Jones J, Nicol AJ, Kahn D. Temporary 
closure of open abdominal wounds by the modifi ed sandwich-vacuum 
pack technique. Br J Surg. 2003;90:718-722.

41 Oe�  ng P, Rau B, Schlag PM. Abdominal vacuum device with open 
abdomen. Chirurg. 2006;77:586, 588-586, 593.

42 Rasmussen TE, Halle�  JW, Jr., Noel AA et al. Early abdominal closure with 
mesh reduces mul� ple organ failure a� er ruptured abdominal aor� c 
aneurysm repair: guidelines from a 10-year case-control study. J Vasc 
Surg. 2002;35:246-253.

43 Schachtrupp A, Hoer J, Tons C, Klinge U, Reckord U, Schumpelick V. Intra-
abdominal pressure: a reliable criterion for laparostomy closure? Hernia. 
2002;6:102-107.

44 Sherck J, Seiver A, Shatney C, Oakes D, Cobb L. Covering the “open 
abdomen”: a be� er technique. Am Surg. 1998;64:854-857.

45 Singh K, Chhina RS. Role of zipper in the management of abdominal 
sepsis. Indian J Gastroenterol. 1993;12:1-4.

46 Smith LA, Barker DE, Chase CW, Somberg LB, Brock WB, Burns RP. Vacuum 
pack technique of temporary abdominal closure: a four-year experience. 
Am Surg. 1997;63:1102-1107.

47 Stone PA, Hass SM, Flaherty SK, DeLuca JA, Lucente FC, Kusminsky RE. 
Vacuum-assisted fascial closure for pa� ents with abdominal trauma. J 
Trauma. 2004;57:1082-1086.

48 Stonerock CE, Bynoe RP, Yost MJ, No�  ngham JM. Use of a vacuum-
assisted device to facilitate abdominal closure. Am Surg. 2003;69:1030-
1034.

49 Sugrue M, Jones F, Janjua KJ, Deane SA, Bristow P, Hillman K. Temporary 
abdominal closure: a prospec� ve evalua� on of its eff ects on renal and 
respiratory physiology. J Trauma. 1998;45:914-921.

50 Tons C, Schachtrupp A, Rau M, Mumme T, Schumpelick V. Abdominal 
compartment syndrome: preven� on and treatment. Chirurg. 
2000;71:918-926.

51 van As AB, Navsaria P, Numanoglu A, McCulloch M. Modifi ed sandwich 
vacuum pack technique for temporary closure of abdominal wounds: an 
African perspec� ve. Acta Clin Belg Suppl. 2007;215-219.

52 van Goor H, Hulsebos RG, Bleichrodt RP. Complica� ons of planned 
relaparotomy in pa� ents with severe general peritoni� s. Eur J Surg. 
1997;163:61-66.



115

53 Wilde JM, Loudon MA. Modifi ed Opsite sandwich for temporary 
abdominal closure: a non-trauma� c experience. Ann R Coll Surg Engl. 
2007;89:57-61.

54 Wouters DB, Krom RA, Slooff  MJ, Kootstra G, Kuijjer PJ. The use of Marlex 
mesh in pa� ents with generalized peritoni� s and mul� ple organ system 
failure. Surg Gynecol Obstet. 1983;156:609-614.

55 Yeh KA, Saltz R, Howdieshell TR. Abdominal wall reconstruc� on a� er 
temporary abdominal wall closure in trauma pa� ents. South Med J. 
1996;89:497-502.

56 Phillips, B, Ball, C, Sacke� , D, Badenoch, D, Straus, S, Haynes, B, Dawes, 
M. Levels of Evidence. Centre for Evidence-Based Medicine, Oxford, UK 
2008. 30-10-2008. Ref Type: Electronic Cita� on



116



117

PART III
THE CAREFALL TRIAGE
INSTRUMENT



118



119

Chapter 7

The CAREFALL Triage Instrument;
iden� fying risk factors for recurrent falls 
in elderly pa� ents

P. Boele van Hensbroek, N. van Dijk, G.F. van Breda, 
A.C. Scheff er, T.J. van der Cammen, P. Lips,
J.C. Goslings, S.E.J.A. de Rooij

Am J Emerg Med. 2009 Jan;27(1):23-36

 



120

Abstract 

Objec� ve
To validate the CAREFALL Triage Instrument (CTI), a self-administered 
ques� onnaire concerning modifi able risk factors for recurrent falls in older 
fall-pa� ents.

Methods
This study in fall-pa� ents aged 65 years or older was performed at the 
Emergency Department of a ter� ary university hospital in the Netherlands. 
The construct validity was determined in 200 pa� ents and 100 matched 
controls. The test-retest reliability was determined in 27 pa� ents who 
answered the CTI twice. The clinical validity was determined in 111 high risk 
pa� ents who visited the Fall-Preven� on Clinic (FPC). The risk factors were: 
medica� on, balance and mobility, fear of falling, orthosta� c hypotension, 
mood, high risk of osteoporosis, impaired vision and urinary incon� nence.

Results
Construct validity: recurrent falls correlated with more risk factors. Age, female 
gender, and six risk factors correlated with recurrent falls. Clinical validity: 
the agreement between the CTI and FPC was fair for ‘balance and mobility’, 
‘orthosta� c hypotension’, and ‘urinary incon� nence’, moderate for ‘mood’, 
‘fear of falling’, and ‘high risk of osteoporosis’, and substan� al for ‘medica� on’, 
and ‘impaired vision’. Test-retest reliability: the agreement between the two 
CTI’s was substan� al for ‘medica� on’, ‘high risk of osteoporosis’, moderate 
for ‘balance and mobility’, ‘mood’, fair for ‘orthosta� c hypotension’, ‘impaired 
vision’ and ‘urinary incon� nence’, and poor for ‘fear of falling’.

Conclusion
The CTI is reliable and valid in assessing risk factors for recurrent falls in older 
fall-pa� ents. 
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Introduc� on

Background
Every year in the Netherlands, approximately 70,000 older pa� ents, i.e. 
aged 65 years or older, present to Emergency Departments (ED) a� er they 
have fallen.1 Twenty-seven percent of these pa� ents (4,400 pa� ents) are 
hospitalized, commonly due to a fracture (79%).1 Falls are one of the most 
common and serious threats to older persons because they come with 
considerable morbidity, reduced func� oning, premature nursing home 
admissions or even death.2-4 
In the majority of older persons, the high incidence of falls is combined with a 
high suscep� bility to injury. The suscep� bility to injury originates from the high 
prevalence of co-morbid disease and age-related physiological deteriora� on 
and could cause a mild fall to have serious consequences.5,6 
A� er a fall with injury, many older pa� ents present to the ED. These ED’s tend 
to be busy, dynamic, and large volume services, in which � me for detailed 
history taking is scarce. ED personnel commonly focus on the fall-related 
injury, without systema� cally assessing the underlying cause and func� onal 
consequences or recognizing possibili� es for preven� ve interven� ons. 
Therefore, poten� al modifi able causes and risk factors for (recurrent) falls 
are o� en overlooked, resul� ng in a persistent risk of recurrent falls. 
Several randomized controlled trials have presented recommenda� ons 
for mul� factorial interven� ons, focusing on modifi able risk factors. These 
interven� ons, when off ered through a systema� cal and interdisciplinary 
approach, can signifi cantly decrease the risk of recurrent falls and limit the 
degree of func� onal impairment for high risk people.7-9 Older pa� ents who 
may benefi t from a mul� factor interven� on are diffi  cult to iden� fy, since 
many are unaware of their increased risk of falling and do not report those 
issues to their physicians.10 

Importance
Mul� ple evidence-based cost-eff ec� ve guidelines addressing preven� ve 
measures have been developed.11,12 Although these guidelines and fall-risk 
models took a great eff ort to develop, less eff ort was taken to bring these 
recommenda� ons into prac� ce at the sites where they are needed most. 
This is why it was decided to develop the CAREFALL Triage Instrument (CTI). 
The CTI was designed to iden� fy modifi able risk factors for recurrent falls in 
the elderly popula� on. Based on the results of the CTI triage for pa� ents at 
high risk of recurrent falls could be off ered including an advice or a visit to 
the Falls Preven� on Clinic (FPC) for further evalua� on and treatment. 
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Goal
Primary aim of this study was to determine the validity and test-retest 
reliability of the CTI. The hypothesis was that the CTI is a valid and reliable self-
assessment instrument for iden� fying modifi able risk factors for recurrent 
falls in older persons. 
 

Methods

The CAREFALL Triage Instrument 
The CTI was developed on behalf of the Dutch Falls Preven� on Collabora� on, in 
which more than seventeen university and large general hospitals collaborate. 
This consor� um cons� tutes the CAREFALL study group. Modifi able risk 
factors were defi ned as risk factors that can be improved or removed by 
an interven� on, however, interna� onal standard defi ni� ons are lacking. 
Therefore, based on the literature and the opinion of a mul� disciplinary 
expert panel, posi� ve scores for eight modifi able risk factors were defi ned. 
2,7,10,13-23 These modifi able risk factors were: ‘medica� on’, ‘balance and 
mobility’, ‘fear of falling’, ‘orthosta� c hypotension’, ‘mood’, ‘high risk of 
osteoporosis’ as a modifi able risk factor for bone fractures, ‘impaired vision’, 
and ‘urinary incon� nence’ (Table 1). A� er pre-tes� ng the fi rst version of the 
CTI in 181 fall-pa� ents, the number of response categories was diminished 
to facilitate the comple� on of the ques� onnaire. The resul� ng fi nal 44 
item CTI contained three ques� ons concerning the frequency of falling, 
three ques� ons about the circumstances of the current fall, fi ve ques� ons 
concerning the fall history, and 33 ques� ons regarding modifi able risk factors 
(Appendix I).

Study design
This is a single center, case-comparison study as part of an ongoing cohort 
study. 

Se�  ng
The Academic Medical Center (AMC) in Amsterdam is a ter� ary university 
teaching hospital with an area of care of 230.000 inhabitants. On average, 
98 pa� ents are evaluated at the AMC ED daily. Most pa� ents (78%) are self-
referred while other pa� ents are referred by their general prac� � oner or 
brought in by an ambulance. 
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Selec� on of par� cipants
As part of a standard procedure at the AMC, the ED charts of all pa� ents 
of 65 years and older were reviewed daily by a dedicated research nurse 
between July 1, 2004, and July 30, 2006. Only pa� ents with an accidental fall 
from standing posi� on were included in the CAREFALL database. Within one 
week a� er the ED visit, the included pa� ents received the CTI with a le� er 
explaining its purpose and a request to complete and return it in the included 
pre-stamped return-envelope. The CTI was self administrable; however, 
pa� ents were allowed to receive help from their spouse or rela� ves. Two 
weeks a� er the CTI was sent, non-responders were reminded by telephone. 
Final response rate was 59.3%.24 Pa� ents with an increased risk of recurrent 
falls, defi ned as three or more risk factors as iden� fi ed by the CTI, were 
contacted and invited to a� end the special Fall-Preven� on Clinic (FPC). 

Modifiable risk factor Definition

Medication •Using three or more medications, independent of its type, and/or
•Using sedative-, psychoactive, anti hypertensive, or diuretic medication. 

Balance and mobility •Difficulties in walking, and/or
•Use of an aid for walking, and/or
•A lack of balance, and/or
•Pain in feet or legs, and/or
•Reduced felling in feet or legs, and/or
•Reduced strength in one or both feet, and/or 
•Stiffness of the joints

Fear of falling A score of 5 or more on the scale from 1 (no fear of falling) to 10 (a very large fear of 
falling) on the question: “are you afraid to fall?” 

Orthostatic hypotension One or more of the nine concerning  CTI  questions  for orthostatic hypotension 
answered positive

Mood •Feeling down or depressed, and/or
•Loss of interest
Both within the last month

High risk of osteoporosis Patients with a fracture after the age of 50, and/or a fracture of a vertebra, and/or two 
of the three following factors positive: 
•Mother suffered hip fracture
•Low body weight (men < 67kg, women <60kg)
•Severe immobility

Impaired vision •Unable to read the newspaper, even with (magnifying) glasses or a loupe, and/or
•Substantial reduction in eyesight in de past 6 months

Urinary incontinence •Daily problems with urinary incontinence, and/or 
•Need to get out of bed twice or more per night to visit the toilet

Table 1. The defi ni� ons of the eight modifi able risk factors.
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Methods of measurement
For this valida� on study, three series of pa� ents were composed. Firstly, to 
determine the construct validity of the CTI, 100 volunteer Dutch speaking 
pa� ents were recruited from the AMC Department of Internal Medicine 
Outpa� ent Clinic. In order to reduce selec� on bias, each pa� ent in this 
group (comparison-group) was matched to two pa� ents from the CAREFALL 
database with the same age and gender, composing a group of 300 pa� ents 
(100 comparison-pa� ents and 200 fall-pa� ents (fall-group)). Secondly, data 
of a consecu� ve series of 111 pa� ents (October 2004 through July 2006) 
who a� ended the FPC a� er triage were used to calculate the clinical validity. 
Thirdly, a consecu� ve series of 27 pa� ents (June 2004 through August 2004) 
in whom the CTI was re-administered by telephone call two weeks a� er 
returning the fi rst CTI, was used to determine the test-retest reliability of 
the CTI. 

Outcome measures
The main outcome measures in this study are the construct validity, the 
content validity, the test-retest validity, and the clinical validity. 

Primary data analysis
Sociodemographic data were expressed as percentages for categorical data, 
as mean and standard devia� on (SD) for normally distributed numerical data, 
and as median, range, and - where appropriate - quar� les for non-normally 
distributed numerical data. Data were analyzed using the Sta� s� cal Package 
for the Social Sciences (SPSS) version 12.0.2 (UK; 2004). 

Construct validity
Construct validity refers to the extent to which an instrument captures the 
underlying concept that it purports to measure. Construct validity in this 
study was defi ned as both the ability of the CTI to iden� fy the correla� on 
between groups, age and gender, and the number of risk factors for falling, 
and the correla� on of age, gender, and risk factors with the presence of 
recurrent falls. The number of risk factors in the fall-group was expected to 
be higher than in the comparison-group. Furthermore, the number of risk 
factors was expected to be posi� vely related to age. The risk factor ‘high risk 
of osteoporosis’ was expected to be higher in women. 
For the assessment of the construct validity, the group of 300 pa� ents was 
divided into two groups (one fall or less versus recurrent falls in the past year, 
with both groups containing fall-pa� ents and comparison-pa� ents). Older 
age and female gender were expected posi� vely associated with recurrent 
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falls. Both the presence of individual risk factors and the total number of risk 
factors were expected to be posi� vely associated with recurrent falls. 
The diff erence in prevalence of individual risk factors between groups was 
tested using a Chi² test. The diff erence in number of risk factors between 
groups was compared using the Mann-Whitney U test. Diff erences were 
considered sta� s� cally signifi cant at p<0.05.
Univariate logis� c regression analysis was used to assess the rela� on between 
the presence of risk factors and the presence of recurrent falls. The infl uence 
of the individual risk factors was expressed as Odds Ra� o (OR) with a 95% 
Confi dence Interval (CI). Rela� ons were considered signifi cant at p<0.05. 

Clinical validity
Clinical validity refers to the extent to which the pa� ent evalua� on with the 
instrument agrees with the evalua� on by a trained physician. The clinical 
validity in this study was defi ned as the agreement between the CTI and the 
clinical assessment at the FPC on the presence or absence of the individual 
risk factors and the total number of risk factors per pa� ent. 
At their fi rst visit to the FPC, a standard but unblinded assessment was 
performed to determine the risk factors. In this assessment, the same criteria 
for the presence or absence of risk factors were used as the CTI (Table 1). If 
deemed necessary, further clinical tests and follow-up were arranged at the 
FPC. 
The agreement on the total number of risk factors was calculated using the 
Intraclass Correla� on Coeffi  cient (ICC). The agreement between the CTI and 
FPC on the presence individual risk factors was calculated with the Kappa 
value. The agreement was judged as poor when the Kappa or ICC was 0.20 or 
less, fair when 0.21 to 0.40, moderate when 0.41 to 0.60, substan� al when 
0.61 to 0.80 and good when 0.81 or more.25 The agreement between the CTI 
and the FPC was expected to be moderate to good for the number of risk 
factors as well as the individual risk factors. 

Test-retest reliability
The test-retest reliability refers to the extent to which the instrument 
measures the same when it is administered twice to the same pa� ent. The 
test-retest reliability in this study was defi ned as the agreement between 
the fi rst self-administered CTI and the second telephonically administered 
CTI within the group of 27 pa� ents who answered the CTI twice. Agreement 
was again calculated using the ICC for the number of risk factors and Kappa 
sta� s� c for the presence of individual risk factors. Both observa� ons were 
expected to have good agreement. 
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Results

Pa� ent characteris� cs
Demographical and clinical characteris� cs of the subjects are displayed in 
Table 2. 

Signifi cantly more pa� ents in the fall-group had a posi� ve history of falling 
(i.e. recurrent falls) than pa� ents in the comparison group (p<0.001). 
Furthermore, in the preceding year, pa� ents from the fall-group had 
sustained more falls than the comparison-group (p<0.001). Table 3 shows 
the prevalence of risk factors in the fall-group and the comparison group. 
The prevalence of the factor ‘high risk of osteoporosis’ was higher in women 
than in men (p<0.001). 

Content validity
The fi rst paragraph of the methods sec� on demonstrates that the CTI includes 
all relevant items and therefore establishes the content validity. 

Construct validity
Table 3 shows that there was a strong trend (p=0.053) towards more risk 
factors in the fall-group than in the comparison-group. Furthermore, 
‘impaired vision’ and ‘high risk of osteoporosis’ were more prevalent in the 
fall-group (p=0.002 and p<0.001 respec� vely). In contrast, the prevalence of 
‘urinary incon� nence’ was higher (p<0.001) in comparison-pa� ents. 
The prevalence of recurrent falls was signifi cantly higher in the fall-group 
than in the comparison group (p<0.001). 

Fall group
(n=200)

Comparison
group
(n=100)

P-value (fall
vs. 
Comparison)

Tets-retest
group (n=27)

FPC group
(n=111)

P-value
(fall vs. 
FPC)

Age (med; IQR) 73 (69-79) 73 (69-79) 1 77 (76-81) 78 (72-84) <0.001*

Age > 80 20% 20% 1 34% 43% <0.001*

Female 60% 60% 1 63% 83% <0.001*

History of falling 86% 50% <0.001* 74% 82% 0.33

Falls last year (med; IQR) 1 (1-20) 0 (0-10) <0.001* 2 (1-3) 2 (1-3) 0.012*

Figure legend: FPC: Fall prevention clinic; med: median; IQR: inter quartile range; significant at P < 0.05.

Table 2. Baseline characteris� cs of the study groups (and the sta� s� cal diff erence between 
the two groups).
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As expected, both older age and the female gender were associated with 
recurrent falls (both p=0.002). Six out of eight risk factors correlated with 
recurrent falls (Table 4). The number of risk factors in pa� ents with recurrent 
falls (median 4; IQR = 2 to 5), was higher than in the other pa� ents (median 
3; IQR = 1 to 4) (p<0.001). 
Pa� ents with the risk factor ‘medica� on’ had more other risk factors (p=0.006) 
and were older (p=0.026) than the other pa� ents. Women were older than 

Risk factors Fall group (n=200) Comparison
group (n=100)

P-value

Medication 54% 52% 0.74

Balance and mobility 59% 52% 0.28

Fear of falling 29% 22% 0.21

Orthostatic hypotension 31% 22% 0.27

Mood 25% 34% 0.08

High risk of osteoporosis 59% 27% <0.001*

Impaired vision 28% 12% 0.002*

Urinary incontinence 37% 61% <0.001*

Risk factors (med;IQR) 3 (2-4) 3 (1-4) 0.053

Figure legend: significant at P < 0.05; med: median; IQR: inter quartile range.

Table 3. Prevalence of individual risk factors in the fall-group and the comparison-group 
(and the sta� s� c diff erence between the groups).

P-value Odds ratio 95% Confidence Interval 

Gender 0.002* 2.316 1.349 - 3.975

Age 0.002 1.060 1.021 - 1.101

Medication 0.614 1.136 0.692 - 1.866

Balance and mobility <0.001* 3.336 1.921 - 5.792

Fear of fallingq <0.001* 4.646 2.679 - 8.058

Orthostatic hypotention 0.001* 2.574 1.460 - 4.540

Mood 0.047* 1.720 1.008 - 2.936

High risk of  osteoporosis 0.004* 2.095 1.265 - 3.469

Impaired vision 0.003 2.338 1.330 - 4.109

Urinary incontinence 0.478 1.1961 0.729 - 1.964

Table 4. Individual predictors for recurrent falls in the pooled fall- and comparison-groups.
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men (p<0.001). Furthermore, age was posi� vely correlated to the number of 
risk factors (p<0.001) (Figure 1). 

Clinical validity
The prevalence and agreement of the risk factors as iden� fi ed by the CTI 
and at the FPC are listed in Table 5. The agreement was fair for ‘balance and 
mobility’, ‘orthosta� c hypotension’, and ‘urinary incon� nence’. 
The agreement was moderate for ‘mood’, ‘fear of falling’, and ‘high risk of 
osteoporosis’, and substan� al for ‘impaired vision’ and the total number of 
risk factors. The agreement on the risk factor ‘medica� on’ was good. The 
median � me interval between the A&E visit and the visit to the FPC was 113 
days (range: 35-293).

Test-retest reliability
The prevalence of each individual risk factor as determined by the self 
administered and the CTI administered by telephone are shown in Table 6.
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Figure 1. The median number of risk factors in all age groups. Older pa� ents show 
signifi cantly more risk factors than young pa� ents.
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The agreement between the fi rst and the second CTI administra� on was 
poor for ‘fear of falling’, fair for ‘orthosta� c hypotension’, ‘impaired vision’ 
and ‘urinary incon� nence’ and moderate for ‘balance and mobility’, ‘mood’ 
and recurrent falls. The agreement was substan� al for ‘medica� on’, ‘high 
risk of osteoporosis’, and total number of risk factors. 

Risk factors CTI PFC Overlap Kappa ICC

Medication 82% 81% 99% 0.97 -

Balance and mobility 88% 64% 72% 0.29 -

Fear of falling 73% 60% 81% 0.59 -

Orthostatic hypotension 59% 29% 67% 0.38 -

Mood 50% 26% 73% 0.46 -

High risk of osteoporosis 78% 60% 77% 0.47 -

Impaired vision 25% 27% 91% 0.77 -

Urinary incontinence 74% 28% 54% 0.24 -

Risk factors (med; IQR) 5 (4-6) 4 (2-5) - - 0.80

Table 5. Clinical validity.

Risk factors First CTI Second CTI Overlap Kappa ICC

Medication 52% 63% 89% 0.78 -

Balance and mobility 52% 67% 74% 0.48 -

Fear of falling 22% 19% 74% 0.20 -

Orthostatic hypotension 44% 30% 70% 0.38 -

Mood 26% 22% 82% 0.49 -

High risk of osteoporosis 41% 44% 89% 0.77 -

Impaired vision 19% 26% 78% 0.36 -

Urinary incontinence 37% 74% 63% 0.34 -

Risk factors 2 (1-5) 3 (2-5) - - 0.79

Recurrent falls 52 37 80% 0.60 -

Figure legend: Kappa: the agreement of individual risk factors; ICC: Intraclass Correlation Coefficient: the agreement of 
the total number of risk factors; med: median; IQR: inter quartile range.

Table 6. Test-rest reliability.
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Discussion

This study shows that the CAREFALL Triage Instrument is an adequately 
valid and reliable self-assessment instrument for determining modifi able 
risk factors in older pa� ents a� er a fall. Till so far no valid and reliable 
self-assessment instruments are available for screening pa� ents with an 
increased risk of falling. To our knowledge, the CTI is the fi rst instrument 
to systema� cally list the pa� ents with an increased risk from the varied 
popula� on of older pa� ents who visit the ED a� er a fall. 

Composi� on of risk factors 
The informa� on gathered from exis� ng ques� onnaires, literature, mul� -
disciplinary expert opinion and interviews with fall-pa� ents, supports the 
idea that the contents of the CTI cover all relevant items. Furthermore, fi ve 
out of the eight risk factors signifi cantly correlated with the number of falls 
in the previous year, which indicates that the studied risk factors are indeed 
associated with an increased risk of falling. All eight risk factors had broad 
scoring criteria, causing the number of (true and false) posi� ves to be rela� vely 
high, resul� ng in a high sensi� vity of the instrument. This however also results 
in an overes� ma� on of the number of pa� ents requiring care at a FPC. 
The risk of falling is increased by medica� on, such as seda� ve-, and psycho-
ac� ve medica� on, but also an� hypertensive- and an� diure� c medica� on.27 
Furthermore, taking four or more types of medica� on (polypharmacy) also 
increases the risk.11 Therefore, the risk factor ‘medica� on’ is composed of the 
high-risk medicines as well as polypharmacy. This resulted in a high number 
of pa� ents with a posi� ve score on this risk factor allowing more pa� ents to 
have their medica� on use evaluated. 

Construct validity
The absence of a higher number of risk factors in the fall-group, probably results 
from the distribu� on of the risk factor ‘urinary incon� nence’. This risk factor 
was more prevalent in the comparison-group. If urinary incon� nence was 
excluded from the analysis, the fall-group had signifi cantly more risk factors 
than the comparison-group. In this study a higher prevalence of the risk factor 
‘urinary incon� nence’ was found in the comparison group. A recent study in 
more than 11.000 older pa� ents showed a prevalence of urinary incon� nence 
of 13%.26 This may indicate that the CTI diagnosis of urinary incon� nence 
is an overes� ma� on of the true prevalence of urinary incon� nence. This 
overes� ma� on, however, increases the possibility that pa� ents, who indeed 
suff er from urinary incon� nence, are invited to the FPC for further evalua� on. 
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The fi nding that older pa� ents showed signifi cantly more risk factors may 
be explained by the physical and func� onal decline that comes with age and 
increasing disease prevalence (e.g. impaired vision, impaired balance and 
mobility, urinary incon� nence). Another risk factor that was signifi cantly 
correlated with the number of risk factors was ‘medica� on’. Again, physical 
decline may play a role since taking more types of medica� on may be an 
indica� on of mul� morbidity. On the other hand, one should be aware of the 
risk of unnecessary medica� on use since withdrawal of medica� on has been 
to be successful in reducing fall risk. 

Clinical validity 
The overall agreement between the CTI and the employees of the FPC on 
individual risk factors was moderate. More importantly, the CTI detected 
more risk factors than the FPC, which means that more pa� ents than 
absolutely necessary, when looking at the number of risk factors, were seen 
at the FPC. It is unknown which number of risk factors would have been 
detected at the FPC in the pa� ents who were not invited on the basis of the 
CTI result. However, the overes� ma� on of the CTI in high risk pa� ents may 
imply that the pa� ents who were not invited to the FPC would not have had 
an even lower risk than expected based on the CTI–results, and would not 
have benefi ted from this clinic. On the other hand, diff erences in the number 
of risk factors could also be explained by the fact that discussing some issues, 
such as ‘urinary incon� nence’, ‘fear of falling’, and ‘balance and mobility’ 
are more embarrassing when discussed directly at the FPC compared to a 
ques� onnaire. Furthermore, ‘fear of falling’ and ‘balance ad mobility’ may 
also have been improved in the period of � me between comple� on of the 
CTI and assessment at the FPC. 

Test-retest reliability
The highest agreement was on ‘medica� on’ and ‘high risk of osteoporosis’ 
while the lowest agreement was on ‘fear of falling’. One of the explana� ons 
for these results is that the ques� ons on ‘medica� on’ and ‘high risk of 
osteoporosis’ can be answered quite objec� vely, whereas the percep� on of 
‘fear’ is rather subjec� ve and subject to change.
The low overall level of agreement may be the result of two diff erent factors. 
Firstly, it may be a property of the ques� onnaire and/or the popula� on 
of elderly. Although there are no sta� s� cs, the test-retest reliability of 
ques� onnaires might be generally low in this popula� on. The magnitude of 
this factor remains unclear because cogni� ve abili� es of the pa� ents were 
not measured in this study. Secondly, it may be due to the fact that the 
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ques� onnaire was administered by telephone allowing for more guidance 
in the answers. 

Overall
Although the majority of risk factors were signifi cant predictors for recurrent 
falls, and the prevalence of recurrent falls was signifi cantly higher in the fall 
group as compared to the comparison group, only two of these risk factors 
showed signifi cant diff erences between both groups. One explana� on for this 
is that, although there were signifi cantly less risk factors in the comparison 
group, this group s� ll showed 13% of recurrent falls (versus 34% recurrent 
falls in the fall group). 
The Kappa values of the risk factors in the test-retest reliability and the 
clinical validity were similar in the majority of cases. A striking fact of the 
three outsiders was that they either showed the best Kappa values in the 
test-retest reliability test or in the clinical validity (except for medica� on, 
which showed the best Kappa values in both analyses). 

Limita� ons
The number of pa� ents in which the test-retest reliability was assessed, 
was rela� vely low. It is possible that a larger group would have resulted in 
a more reliable calcula� on of agreement. Furthermore, the second CTI was 
administered by telephone. This allowed for a higher response rate but at 
the same � me for more guidance and bias in the answers. The cogni� on of 
the pa� ents could not be tested properly, which might have infl uenced the 
reliability of the ques� onnaire. This might have infl uenced these fi ndings as 
cogni� ve impairment has been associated with recurrent falls. However, as 
cogni� ve disorders are quite prevalent in this popula� on, these data need 
not be corrected for cogni� ve impairment. 
The assessment at the FPC was not blinded to the result of the CTI as it was 
part of standard care. Although care and risk es� ma� on at the FPC were 
performed in a standardized manner, this could have resulted in a higher 
agreement on the presence and number of risk factors.

Recommenda� ons
Although the CTI has now been tested and validated in a medical se�  ng, 
we recommend it to be tested in other popula� ons as well. It would be 
interes� ng to know the accuracy of the CTI in popula� ons with a diff erent 
prevalence of risk factors. Furthermore, we recommend tes� ng the sensi� vity 
and specifi city of the CTI by blindly assessing a large and random sample of 
older pa� ents at the FPC a� er fi lling in the CTI. 
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Finally, we recommend inves� ga� ng possible fl uctua� ons of individual risk 
factors during long term follow-up, and the eff ect of interven� ons provided 
by the FPC, by comparing the presence of risk factors before and a� er the 
FPC visit and reduc� on in the number of falls as a result of this change in risk 
factors.

 
Conclusion

The CAREFALL Triage Instrument is an adequately valid and reliable self-
assessment instrument for assessing the risk for recurrent falls. We 
recommend its applica� on to select high-risk pa� ents for a fall-preven� on 
outpa� ent clinic from older pa� ents who visited the ED a� er a fall.
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Abstract

Background
Slips, trips, and falls from standing posi� on are common and serious threats 
to older people (i.e. aged 65 years or older). The CAREFALL Triage Instrument 
(CTI) is an evidence-based and validated ques� onnaire to assess the risk 
of recurrent falling in these older people. Un� l recently, the CTI was only 
applied to older people who presented to the Emergency Department (ED) 
a� er a fall. Li� le is known, however, about recurrent falling and the value of 
the CTI in community-dwelling older people.

Objec� ve
The objec� ve was to establish the value of the CTI in assessing modifi able 
risk factors for recurrent falling in community-dwelling older people.

Methods
For this study, two cohorts were included. The fall-preven� on cohort 
included older people who a� ended the fall-preven� on and interven� on 
program. The ED cohort included pa� ents who presented to the ED of an 
urban academic teaching hospital a� er a fall. In total 245 older people in the 
fall-preven� on cohort were matched by age and gender to 245 pa� ents from 
the hospital ED cohort.

Results
There were 376 women (76,7%) ,the median age was 77.1 years. The number 
of individuals with recurrent falling was higher in the ED cohort (60.5%) 
compared with the fall-preven� on cohort (48.6%) (p=0.008). The median 
number of risk factors per individual was higher in the ED cohort (4; Inter 
Quar� le Range (IQR), 3-5) compared with the fall-preven� on cohort (3; IQR, 3-
4) (p<0.001). In both the fall-preven� on cohort and the ED cohort, the number 
of risk factors per individual correlated signifi cantly with recurrent falling. In 
the fall-preven� on cohort, each added risk factor accounted for a 36.5% higher 
chance of sustaining recurrent falls. In the ED cohort, each added risk factor 
accounted for a 37.5% higher chance of sustaining recurrent falls.

Conclusion
Based on the results of this study, the authors conclude that, although the 
prevalence of risk factors and recurrent falling is lower in the fall-preven� on 
cohort compared with the ED cohort, the CTI is a useful tool for assessing 
modifi able risk factors for recurrent falling in community-dwelling older people. 
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Introduc� on

Slips, trips, and falls from standing posi� on are one of the most common and 
serious threats to older people (i.e. aged 65 years or older). Every year in the 
Netherlands, over 70,000 older people present to Emergency 
Department (ED) a� er they have fallen.1 In older people, the high incidence 
of falls goes hand in hand with a high suscep� bility to injury. Twenty-seven 
percent (4,400 pa� ents) is hospitalized, commonly due to a fracture (79%).1 
In addi� on, falls in older people are associated with reduced func� oning, 
premature nursing home admissions and even death.2-4,5,6 This suscep� bility 
might be a� ributed to the high prevalence of co-morbid disease and related 
physiological deteriora� on.15 In addi� on, older people who have sustained 
one fall are at risk of falling again.7 
Over the years, mul� ple evidence-based guidelines for fall-preven� on have 
been formulated.8,9 These guidelines, however, were not incorporated in 
ques� onnaires for daily clinical prac� ce. The CAREFALL Triage Instrument (CTI) 
is an evidence-based self-administered ques� onnaire that was developed to fi ll 
in this niche.10 The purpose of the CTI is, besides a falls history ques� onnaire, 
to iden� fy modifi able risk factors for recurrent falling in older people who 
present to the ED a� er a fall. Based on the results of the CTI, pa� ents receive 
tailored advice to reduce their risk of falling. Furthermore, if indicated, 
pa� ents were invited to the Fall-Preven� on Clinic for further diagnos� c 
evalua� on and treatment.
Un� l recently, the CTI was only developed and validated for secondary 
preven� on in older people who presented to the ED a� er they had sustained 
a fall. These pa� ents can be considered as high-risk pa� ents since over 75% 
presented with recurrent falling.10 Over 30% of these pa� ents sustained 
serious consequences such as a fracture.11 In order to provide a wider 
preven� on of falls, a Dutch ini� a� ve was launched to contact older people 
in their home se�  ng. People were contacted by mail and invited to a special 
fall-preven� on and interven� on program as part of a preven� on program 
of their health insurance company. This program consisted of a specially 
equipped van that stopped at the clients homes. Within this program, the 
CTI was used to iden� fy modifi able risk factors for (recurrent) falls. Older 
people with modifi able risk factors were then presented an interven� on 
program based on their iden� fi ed modifi able risk factors for falling. 
Li� le is known, about the prevalence of modifi able risk factors and their 
associa� on with (recurrent) falls in this community-dwelling popula� on and 
possible diff erences compared with pa� ents visi� ng the ED a� er a fall, both 
measured with the CTI. 
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Objec� ve

The objec� ve of this study was to determine the value of the CTI in community- 
dwelling older people. Our hypothesis was that the CTI could also be applied 
to iden� fy modifi able risk factors for (recurrent) falls in community-dwelling 
older people with the same certainty as was shown in older people who 
visited the ED a� er a fall. 

Methods

Pa� ents 
For this study, two cohorts were included. The fall-preven� on cohort included 
people who par� cipated in the fall-preven� on and interven� on program. 
They entered the program between August 1, 2007 and June 1, 2008. The 
ED cohort included pa� ents who presented to the Academic Medical Center 
(AMC) ED, an urban academic teaching hospital, a� er a fall. These pa� ents 
visited the ED between November 1, 2004 and October 1, 2008. This study 
was approved by the Ins� tu� onal Review Board. 

Fall-preven� on cohort
Older people, all clients of a Dutch health insurance company, were contacted 
by mail and invited to par� cipate in the fall-preven� on and interven� on 
program. For this study, the clients with a history of falling were dis� nguished 
from clients that had never fallen before. Consequently, the clients with a 
history of falling were asked to complete the CAREFALL Triage Instrument 
(CTI). A total of 245 older people par� cipated in the fall-preven� on and 
interven� on program and completed the CTI. This cohort will further be 
referred to as the fall-preven� on cohort. 

ED cohort
As part of a standard procedure at the AMC, the ED charts of all pa� ents 
aged 65 years and older were reviewed daily by a dedicated research nurse. 
All pa� ents with an accidental fall from standing height were included in 
the CAREFALL study and database. Within one week a� er the ED visit, the 
included pa� ents received the CTI by mail. The pa� ents were asked to 
complete and return the CTI in the included pre-stamped return-envelope. 
The matched pa� ents that were selected from the CAREFALL database as 
part of this study will further be referred to as the ED cohort. 
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The CAREFALL Triage Instrument (CTI)
The Dutch Falls Preven� on Collabora� on developed and validated the CTI as a 
self-assessment ques� onnaire.10 It contains 44 items covering the frequency 
of falling, the circumstances of the fall, fall history and modifi able risk factors 
for falling. Based on these ques� ons, the CTI can iden� fy eight modifi able 
risk factors: ‘medica� on’, ‘balance and mobility’, ‘fear of falling’, ‘orthosta� c 
hypotension’, ‘mood’, ‘high-risk of osteoporosis’ as a modifi able risk factor 
for bone fractures, ‘impaired vision’, and ‘urinary incon� nence’. 

Matching the fall-preven� on and ED cohorts
In total, 245 consecu� ve older people from the fall-preven� on cohort were 
matched to 245 pa� ents in the CAREFALL database. In order to create two 
comparable cohorts, the fall-preven� on cohort and ED cohort were matched 
by gender and age. 

Sta� s� cal analysis
Sociodemographic data were expressed as percentages for categorical data, 
as mean and standard devia� on (SD) for normally distributed numerical 
data, and as median, range, and - where appropriate - inter-quar� le range 
(IQR=25 to 75%) for non-normally distributed numerical data. The Chi2 test 
was used to analyze the diff erences in dichotomous variables between 
groups. The Fisher’s exact test was used when small groups were involved. 
The Students T test was used to analyze diff erences in normally distributed 
con� nuous variables between groups. The Mann-Whitney U test was used 
for non-normally distributed variables. Correla� on between variables was 
assessed with the Pearson correla� on for normally distributed variables and 
the Spearman correla� on for non-normally distributed variables. 
In order to iden� fy risk factors for recurrent falling, all possible variables were 
tested in a univariate (binary) logis� c regression analysis. The risk factors 
that showed a signifi cant correla� on (i.e. p<0.05) with recurrent falling 
were entered in a mul� variate logis� c regression analysis using a backward 
stepwise approach. 
Outcome measures were number of risk factors associated with recurrent 
falling in the fall-preven� on cohort compared to the ED cohort. Furthermore, 
the number of community-dwelling older people with recurrent falling, their 
gender and age distribu� on, and the prevalence of modifi able risk factors in 
both cohorts were taken in to account. 
Data were analyzed using the Sta� s� cal Package for the Social Sciences 
(SPSS®) version 16.0.2 (SPSS Inc., Chicago, Illinois; USA). 
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Results

Pa� ent characteris� cs
Table 1 lists the characteris� cs of the two cohorts. The number of individuals 
with recurrent falling was higher in the ED cohort (60.5%) compared with the 
fall-preven� on cohort (48.6%) (p=0.008).

Risk factors in the fall-preven� on and ED cohort
Table 1 shows that three of the eight risk factors were more prevalent in 
the ED cohort. Risk factor ‘orthosta� c hypotension’ was more prevalent in 
the fall-preven� on cohort (p<0.001). The median number of risk factors per 
individual was higher in the ED cohort (4; IQR, 3-5) compared with the fall- 
preven� on cohort (3; IQR, 3-4) (p<0.001).

Risk factors and recurrent falling
Fall-preven� on cohort
Within the fall-preven� on cohort in the univariate regression analysis, one 
risk factor (‘impaired vision’) was associated with recurrent falling (Table 
2). Therefore, a mul� variate binary logis� c regression analysis was not 
a� empted. The number of risk factors per individual was associated with 
recurrent falling (p=0.002). Each added risk factor accounted for a 36.5% 
higher chance of sustaining recurrent falls. 

Fall-prevention cohort ED cohort p-value

Individuals n 245 245 ---

Female n  188 (76.7%) 188 (76.7%) ---

Age (years) med (IQR) 76.8 (72.1-82.1) 77.3 (72.2-81.8) ---

Recurrent falls n 119 (48.6%) 147 (60.5%) 0.008

Balance and mobility n 237 (96.7%) 226 (92.2%) 0.241

High risk of osteoporosis n 141 (57.6%) 161 (65.7%) 0.041

Impaired vision n 25 (10.2%) 39 (15.9%) 0.041

Urinary incontinence n 150 (61.2%) 157 (64.1%) 0.338

Mood n 67 (27.3%) 85 (34.7%) 0.079

Medication N 15 (6.1%) 142 (58.0%) <0.001

Orthostatic hypotension n 99 (40.4%)* 84 (34.3%)** <0.001***

Fear of falling n 44 (18.0%) 49 (20.0%) 0.491

Risk factors (number) med (IQR) 3 (3-4) 4 (3-5) <0.001

Table legend: n: Number; med: Median; IQR: Inter Quartile Range; * Assessable in  152 individuals (62.0%); ** Assessable in 210 
individuals (85.7%); *** Significantly more prevalent in the ED cohort. 

Table 1. Pa� ent characteris� cs and risk factors in the fall-preven� on cohort and ED cohort.
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Emergency Department cohort
Four of the eight risk factors were associated with recurrent falling in the ED 
cohort (Table 3). 

Mul� variate binary logis� c regression analysis revealed that ‘high risk of 
osteoporosis’ and ‘fear of falling’ were individually associated with re-
current falling. The number of risk factors per individual was associated with 
recurrent falling. Each added risk factor accounted for a 37.5% higher chance 
of sustaining recurrent falls. 
Figure 1 shows that the risk of recurrent falling within the ED cohort increases 
as the number of risk factors per individual is increased. This increasing risk 
was observed in both the fall-preven� on cohort and the ED cohort. 

Univariate regression analysis

Variable p-value OR 95% CI (for OR)

Impaired vision 0.045 2.458 1.019-5.933

Sum of risk factors per individual 0.002 1.365 1.118-1.662

Table legend: OR: Odds Ratio; 95% CI: 95% Confidence Interval

Table 2. Variables associated with recurrent falls in the fall-preven� on cohort.

Univariate regression analysis Multivariate regression a

Variable p-value OR 95% CI (for OR) p-value OR 95% C

High risk of osteoporosis 0.002 2.434 1.402-4.225 0.005 2.472 1.323-

Impaired vision 0.046 2.195 1.013-4.752

Urinary incontinence 0.035 1.793 1.043-3.080

Fear of falling <0.001 5.168 2.209-12.092 0.001 4.894 1.918-

Sum of risk factors per individual 0.001 1.375 1.148-1.646 - - -

Table legend: OR: Odds Ratio; 95% CI: 95% Confidence Interval

Table 3. Variables associated with recurrent falls in the ED cohort.
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Discussion

This ar� cle compares the prevalence of risk factors for falls and recurrent 
falling in a fall-preven� on cohort with an ED cohort. It showed that the 
CAREFALL Triage Instrument (CTI) is a useful tool for assessing risk factors in 
community-dwelling older people. The CTI, a 44 ques� on self-assessment 
ques� onnaire, was originally developed in pa� ents who visited the ED a� er 
a fall. This was the fi rst � me the CTI was used in a popula� on of community-
dwelling older people that did not necessarily visit the ED a� er a fall. 
These two cohorts were chosen because they were considered to represent 
the highest risk for (recurrent) falling (ED cohort) and the lowest risk of 
(recurrent) falling (fall-preven� on cohort) with the popula� on of older 
people. This considera� on proved to be correct. The number of individuals 
with recurrent falling was signifi cantly lower in the fall-preven� on cohort 
compared with the ED cohort. Also, the number of risk factors per individual 
was signifi cantly lower in the fall-preven� on cohort compared with the ED 
cohort. 
In the fall-preven� on cohort, the CTI proved to be a valuable tool for assessing 
risk factors for a fall and for (recurrent) falls in community-dwelling older 
people. Within the fall-preven� on cohort, the number of risk factors per 
individual correlated signifi cantly with recurrent falling. This is in line with 
literature.12 The risk of recurrent falling increased with the number of risk 
factors. This is mainly observed in the individuals with two to six risk factors. 
In both cohorts the number of individuals with two or less risk factors or with 
six or more risk factors was low. 
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Figure 1. The risk of recurrent falls as a func� on of the number of risk factors per pa� ent.
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A few limita� ons of this study need to be addressed. First, the CTI is a self-
assessment instrument which may have consequences for some of the 
answers as the cogni� on of the pa� ents could not be tested equally in both 
cohorts, which might have infl uenced the reliability of the ques� onnaire. 
This might have infl uenced these fi ndings because cogni� ve impairment has 
been associated with recurrent falling. De test-retest reliability of the CTI 
and other proper� es of the CTI have been published elsewhere.10 Second, 
the fall-preven� on cohort may consist of pa� ents with recurrent falling that 
dated from longer ago than the ED cohort because they did not present 
immediately a� er the fall. This � me frame may have infl uenced their answers 
as it may have infl uenced their recall. But, since the majority of ques� ons in 
both cohorts are related to recent experiences, the infl uence of the � me 
frame may be of minor relevance for the outcome of this study. However, for 
reasons of clarity we le�  this out of the analyses of this study. 

Mul� ple studies and guidelines have focussed on mul� factorial fall-risk 
assessment in order to provide single or mul� ple interven� ons aimed 
at reduc� on of the risk of recurrent falling.8,13,14 It was shown that the 
combina� on of risk factors, rather than individual risk factors, counts for the 
risk of recurrent falling. Although the ongoing discussion about the eff ect of 
mul� ple interven� ons to prevent new falls to occur is s� ll in the scope of an 
interna� onal discussion, broader preven� on in community-dwelling older 
people should delay the occurrence of injury and ED visits. 

Conclusion 

Based on the results of this study, we conclude that the prevalence of risk 
factors and recurrent falling is lower in the fall-preven� on cohort compared 
with the ED cohort. The CTI is a valuable and valid tool for assessing modifi able 
risk factors and recurrent falling in community-dwelling older people. A self-
assessment instrument like the CTI may increase the awareness in older 
people. It is a useful tool in preven� on of falls and case-management of 
older people with or without mul� ple risk factors. 
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Abstract

Background
Falls in older people are common and people who have fallen once are 
likely to fall again. Because of the frequent co-morbidity (e.g. osteoporosis) 
these people are suscep� ble to injury. The CAREFALL Triage Instrument 
(CTI) is an evidence based ques� onnaire that has been developed for 
secondary fall-preven� on in older people. It includes ques� ons to assess 
the risk of osteoporosis. The Dutch Ins� tute for Healthcare Improvement’s 
‘Osteoporosis’ guideline includes a formula that uses the same ques� ons 
to calculate the 10-year fracture risk. Osteoporosis can also be measured 
with the Dual energy X-ray and Laser absorp� ometry of the calcaneus (DXL 
Calscan). 

Objec� ve
This study aimed to assess a correla� on between the 10-year fracture risk as 
assessed by the CTI and the outcome of the DXL Calscan.

Methods
Older persons were contacted by mail and invited to a touring, mobile fall-
preven� on and interven� on program. All par� cipants in the study underwent 
a DXL Calscan and fi lled out the CTI. A DXL Calscan T-score of less than minus 
2.5 indicated osteoporosis. The 10-year fracture risk was calculated using 
the CTI-osteoporosis ques� ons and the formula from the ‘Osteoporosis’ 
guideline. 

Results
We included 177 older persons (par� cipants), of which 95 were female 
(53.7%), with a median age of 78.0 years (Table 2). Over 70% had a history of 
recurrent falls. Half of the par� cipants (88/177) reported one or more factors 
that contribute to the 10-year risk of sustaining a hip-, vertebral-, or wrist 
fracture. The median 10-year risk of a hip fracture was 5.3%. The median 
10-year risk of a vertebral fracture was 4.7%. The median 10-year risk of 
a wrist fracture was 2.2%. Females had a higher 10-year fracture risk than 
males. According to the DXL Calscan, 76 people had osteoporosis. There was 
a signifi cant correla� on between the DXL Calscan’s T score and the predicted 
10-year fracture risk. 
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Conclusion
There is a signifi cant correla� on between the 10-year fracture risk based on 
the CTI and the results of the DXL Calscan. The CTI and DXL Calscan combine 
secondary fall-preven� on and osteoporosis assessment and may be suitable 
for use in any Emergency Department. 
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Introduc� on

Slips, trips, and falls from standing posi� on are one of the most common and 
serious threats to older persons (i.e. aged 65 years or older). Every year many 
older persons present to Emergency departments (ED) a� er they have fallen.1 
Those whom have sustained one fall, are at risk of falling again.2 In these older 
persons, the high incidence of falls goes hand in hand with a high suscep� bility 
to injury. Twenty-seven percent are hospitalized, commonly due to a fracture 
(79%).1 In addi� on, falls in older persons are associated with reduced physical 
func� oning, premature nursing home admissions, and even death.3-5,6,7 The 
reasons for these adverse outcomes include the high prevalence of co-morbid 
disease and age-related physiological deteriora� on. 
Over the years, mul� ple evidence-based guidelines for fall-preven� on have 
been formulated.8,9 These guidelines, however, were not incorporated in 
ques� onnaires for daily clinical prac� ce, for instance at the ED. The CAREFALL 
Triage Instrument (CTI) is an evidence-based and validated self-assessment 
ques� onnaire that was developed to fi ll this niche.10 The purpose of the CTI is 
to iden� fy modifi able risk factors for recurrent falls by older persons. The risk 
factors are: ‘medica� on’, ‘balance and mobility’, ‘fear of falling’, ‘orthosta� c 
hypotension’, ‘mood’, ‘impaired vision’, ‘urinary incon� nence’, and ‘high-risk 
of osteoporosis’
Most fractures due to a fall occur in older people with osteoporosis. At 
the same � me, osteoporosis is in poten� on a modifi able risk factor, since 
preven� onal treatment is available. In order to calculate the risk of an 
osteoporo� c fracture, the Dutch Ins� tute for Healthcare Improvement 
(Dutch: CBO) included special tables in the na� onal guideline ‘Osteoporosis’. 
The ques� ons that contribute to the calcula� on of this fracture risk are 
incorporated in the ques� ons of the CTI concerning the modifi able risk factor 
‘high risk of osteoporosis’.
Although the risk of osteoporosis or a fracture is o� en based on predic� on 
rules derived from prospec� ve cohort studies among community-dwelling 
older persons or high risk groups, the preferred method for assessment of 
osteoporosis is direct measurement of the bone mineral density. The golden 
standard is the Dual Energy X-ray Absorp� ometry (DXA) bone mineral density 
scan.11,12 The DXA scan uses X-rays to assess the bone mineral density. 
However, DXA scanners are voluminous and not readily available. In addi� on, 
the results of the DXA may be infl uenced by so�  � ssue thickness.13,14 In recent 
years, the Dual energy X-ray and Laser absorp� ometry of the calcaneus (DXL 
Calscan) has been developed and tested.13-15 The DXL Calscan is smaller and 
more easy to handle than the DXA devices. Moreover, the DXL Calscan uses 
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laser beams to measure heel thickness. The reliability and validity compared 
with the DXA is high.16 

In a pa� ent with suspected osteoporosis, both risk assessment by a predic� on 
rule and by a bone mineral density scans are available to assess the risk of 
osteoporosis. However, it is unknown if there is a correla� on between the 
two assessment tools. 

Objec� ve
To study a correla� on between the 10-year fracture risk as assessed by the 
CTI and the outcome of the calcaneus bone density scan. 

Pa� ents and Methods

Pa� ents 
Older persons, all clients of a health insurance company, were contacted 
by mail and invited to a touring, mobile fall-preven� on and interven� on 
program. The par� cipants entered the program between October 1, 2007 
and December 31, 2008. Within the fall-preven� on and interven� on 
program, the CAREFALL Triage Instrument (CTI; see below) was used to assess 
modifi able risk factors for recurrent falls. The DXL Calscan was used to assess 
the bone mineral density and to objec� fy the presence of osteoporosis. All 
par� cipants in the study underwent a Calscan and fi lled out the CTI. This 
study was approved by the Ins� tu� onal Review Board of the Amsterdam 
Medical Center.

The CAREFALL Triage Instrument (CTI)
The Dutch Falls preven� on Collabora� on developed and validated the CTI.10 
It contains 44 items covering the frequency of falling, the circumstances of 
the fall, fall history and modifi able risk factors for falling. Based on these 
ques� ons, the CTI can iden� fy eight modifi able risk factors: ‘medica� on’, 
‘balance and mobility’, ‘fear of falling’, ‘orthosta� c hypotension’, ‘mood’, 
‘impaired vision’, ‘urinary incon� nence’, and ‘high-risk of osteoporosis’ as a 
modifi able risk factors for bone fractures. 
One of these modifi able risk factors is a ‘high risk of osteoporosis’. This risk 
factor was the product of fi ve items: ‘any fracture a� er the 50th birthday’, 
‘fractured (collapsed) vertebrae’, ‘mother with hip fracture’, ‘low body 
weight’, ‘severe immobility’ (i.e. ≥20/24 hours in bed), and ‘cor� costeroid 
use’. Five of these ques� ons were used to calculate an addi� onal risk score 
for sustaining fractures according to the Dutch Ins� tute for Healthcare 
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Improvement (Dutch: CBO) guideline ‘Osteoporosis’ (see Table 1).12 This risk 
score was used to calculate the 10-year risk of sustaining a hip fracture, a 
vertebral fracture and a wrist fracture in both men and women.

The Calscan
A� er comple� ng the CTI, all par� cipants underwent DXL Calscan. The DXL 
Calscan results are expressed a T-scores and Z-scores. The T-score is the 
standard devia� on of the bone density of the subject compared with someone 
of approximately 35 years old. The Z-score is the standard devia� on of the 
bone density of the subject compared with the average bone density at the 
subjects age. A T-score less than minus 2.5 indicates osteoporosis.16

Sta� s� cal analysis
Sociodemographic data were expressed as percentages for categorical data, 
as mean and standard devia� on (SD) for normally distributed numerical 
data, and as median, range, and - where appropriate - inter-quar� le range 
(IQR=25 to 75%) for non-normally distributed numerical data. The Chi2 test 
was used to analyze the diff erences in dichotomous variables between 
groups. The Fisher’s exact test was used when small groups were involved. 
The Students T test was used to analyze diff erences in normally distributed 
con� nuous variables between groups. The Mann-Whitney U test was used 
for not-normally distributed variables. Correla� on between variables was 
assessed with the Pearson correla� on for normally distributed variables and 
the Spearman correla� on for non-normally distributed variables. 
Outcome measures were the agreement between the 10-year fracture risk 
assessments and the results of the CTI. Secondary outcome measures were 
risk factors for recurrent falls as well as the 10-year risk of sustaining a hip 

Items Score 

Traumatic  fracture after 50th birthday 1

Collapsed vertebrae 2

Low bodyweight 1

Severe immobility 1

Corticosteroid use 1   +

Risk score total: 

Table 1. Risk score calcula� on.9
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fracture, a vertebral fracture and a wrist fracture in men, women, and the 
diff erence between them. 
Data were analyzed using the Sta� s� cal Package for the Social Sciences (SPSS®) 
version 15.0.2 (SPSS Inc., Chicago, Illinois; United States of America). 

Results

We included 177 older persons (par� cipants), of which 95 were female 
(53.7%), with a median age of 78.0 years (Table 2). Almost all par� cipants 
were Caucasian and the majority had their right foot scanned. 

Patiënt characteristics

Age med (IQR) 78.0 (73.0 - 83.0)

Female n (%) 95 (53.7)

Caucasian n (%) 171 (96.6)

Recurrect falls n (%) 126 (71.2)

Risk factors CTI

Balance and mobility n (%) 153 (86.4)

High risk of Osteoporosis n (%) 74 (41.8)

Impaired vision n (%) 22 (12.4)

Medication n (%) 70 (39.5)

Orthostatic hypotension n (%) 62 (64.4)*

Fear of falling n (%) 12 (7.3)

Urinary incontinence n (%) 86 (48.6)

Mood n (%) 29 (16.4)

Sum of risk factors per individual. med (IQR) 3 (2 - 5)

Calscan

Right foot n (%) 157 (88.7)

T-score mean (SD) -2.3 (0.9)

Z-score mean (SD) 0.8 (0.8)

Table legend: med: median; IQR: inter quartile range; n: number;SD: standard deviation; *41.8% miss
score: subjects bone density compared with someone of approx 35 years old; Z-score: subjects bone d
compared with average bone density at the subjects age.

Table 2. Pa� ent characteris� cs, risk factors, and calscan results.
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Almost three-quarters of the par� cipants (71.2%) had a history of recurrent 
falls. The most prevalent risk factors for recurrent falls were ‘balance and 
mobility’ (86.3%) and ‘urinary incon� nence’ (48.6%). Few par� cipants 
reported ‘fear of falling’ (7.3%). 
Half of the par� cipants (88/177; 49.7%) reported one or more factors that 
contribute to the 10-year risk of sustaining a hip-, vertebral-, or wrist fracture 
(Table 3). The most prevalent contribu� ng factor was a vertebral fracture 
(27.1%). None of the par� cipants reported being in bed for 20 hours or more 
per day. There were signifi cantly more female par� cipants that had sustained 
a fracture a� er their 50th birthday. Forty-fi ve of these 88 par� cipants (51.1%) 
were diagnosed with osteoporosis. 

The median 10-year risk of sustaining a hip fracture was 5.3%. The median 
10-year risk of sustaining a vertebral fracture was 4.7%. Finally, the median 
10-year risk of sustaining a wrist fracture was 2.2% (Table 4). The 10-year 
fracture risk was signifi cantly higher in female par� cipants than in male 
par� cipants. This accounted for the hip fractures, vertebral fractures, and 
wrist fractures. 

Total Female Male P-value

n (%) n (%) n (%) F vs. M

Traumatic fracture after 50th birthday 34 (19.8) 24 (25.3) 10 (12.2) 0.028

Collapsed vertebrae 48 (27.1) 31 (32.6) 17 (20.7) 0.061

Hip fracture mother 12 (6.8) 6 (6.3) 6 (7.3) 0.734

Low bodyweight 35 (19.8) 22 (23.2) 13 (15.9) 0.244

Severe immobility 0 - 0 0

Corticosteroid use 14 (7.9) 7 (7.3) 7 (8.5) 0.744

Table legend: n: number;%: percentage of total cohort (n=177); P-value: Males versus Females. 

Table 3. The prevalence of factors that contribute to the CTI-based 10-year fracture risk 
predic� on.

Total Female Male P-value

medi (IQR) med (IQR) med (IQR)

10-year risk of hip fracture 5.3 (3.9 – 14.3) 5.8 (5.3-19.1) 3.9 (2.1-7.8) <0.001

10-year risk of vertebral fracture 4.7 (2.1 – 11.6) 8.1 (4.7-15.4) 2.1 (1.9-4.9) <0.001

10-year risk of wrist fracture 2.2 (0.7 – 5.6) 4.0 (3.6-7.8) 0.7 (0.5-1.5) <0.001

Table legend: med: median; IQR: inter quartile range; n: number; P-value: Female vs. Male.  

Table 4. The CTI-based 10-year fracture risk predic� on in females and males.
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The results of the Calscan revealed that 76 par� cipants (42.9%) had 
osteoporosis. The CTI based 10-year predic� on of a hip fracture, vertebral 
fracture, or wrist fracture was signifi cantly higher in par� cipants with 
osteoporosis (i.e. a Calscan T-score <-2.5 SD) (Table 5). Furthermore, as 
indicated in Figure 1, the risk of hip, vertebrae and wrist fracture increased 
equally as bone mineral density decreased. The Calscan’s Z-score did not 
correlate with the fracture risk. 

 

Table legend: T-score: subjects bone density compared with someone of approx. 35 years old; SD: Standard deviation.  

No osteoporosis 
(T-score > -2.5SD)

Osteoporosis 
(T-score < -2.5 SD)

Odds ratio P-value

n = 101 n = 76

med (IQR) med (IQR)

10-year risk of hip fracture 5.3% (3.0 – 11.6) 7.6% (3.9 – 16.4) 1,47 0.021

10-year risk of vertebral fracture 4.2% (2.1 – 9.2) 6.1% (4.1 – 14.4) 1,62 0.021

10-year risk of wrist fracture 2.0% (0.7 – 4.0) 3.2% (1.1 – 7.8) 1,48 0.041

Table legend: n: number; med: median; IQR: inter quartile range. 

Table 5. The CTI-based 10-year fracture risk predic� on in pa� ents with and without 
osteoporosis.

40,030,020,010,00,0

2,0

0,0

-2,0

-4,0

Table legend: light gray triangles: 10-year hip fracture risk; medium gray crosses: 10-year risk of vertebral fracture; black circles: 
10-year risk of wrist fracture; Center lines: regression line. Top and bottom lines: 95% confidence interval. 
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Figure 1. Lower Calscan T-scores (i.e. less bone mineral density) correlated with higher CTI-
based 10-year fracture risk predic� on.
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Discussion

In this study we have shown that the 10-year fracture risk as assessed by 
the CTI is has a signifi cant correla� on with the result of the DXL Calscan. To 
our knowledge, this is the fi rst study that compares the risk assessment of a 
ques� onnaire with the objec� ve osteoporosis measurement of a Calscan. 
The older persons that par� cipated in this study did so on a voluntarily basis. 
The concept of the touring, mobile fall-preven� on and interven� on program 
enabled us to include older persons who would not have travelled a longer 
distance to par� cipate. Therefore, this cohort may be considered to represent 
a large por� on of an average elderly popula� on. None of the par� cipants 
reported being in bed for more than 20 hours per day. This may indicate that 
not all the people who were contacted responded to the invita� on. 
Even though for the purposes of this study, only the ‘osteoporosis ques� ons’ 
were used, all par� cipants completed the en� re CTI ques� onnaire. The 
CTI proved to be a valuable tool for assessing modifi able risk factors in this 
popula� on of community-dwelling older persons. Surprisingly, the number 
of par� cipants with the risk factors ‘high risk of osteoporosis’, ‘fear of falling’, 
and ‘mood’ was lower in this cohort compared with a previous report on this 
popula� on. The number of par� cipants with the risk factor ‘medica� on’ was 
much lower.17 This is surprising because no special selec� on criteria were 
used before par� cipants could undergo a DXL Calscan. 
In this study, the predic� ve value of the CTI was increased using the 
calcula� ons from the ‘Osteoporosis’ guideline. These calcula� ons use the 
same ques� ons as the CTI for the assessment of osteoporosis. However, 
the guideline calcula� ons also consider gender and age. This allowed us to 
iden� fy a signifi cantly higher 10-year fracture risk in women, even though 
there was no diff erence in ‘vertebral fracture’, ’hip fracture mother’, ‘low 
body weight’, or ‘cor� costeroid use’ between the sexes. 
As expected, osteoporosis was more common in female par� cipants than in 
male par� cipants. And because osteoporosis was associated with an increased 
fracture risk, the fracture risk in female par� cipants was signifi cantly higher 
than in male par� cipants. 
As opposed to the T-score, the Z-score did not correlate with an increased 
fracture risk. This is because the Z-score represents the bone mineral density 
compared with the mean of the same age group. The mean Z-score (0.8; SD 
0.8) means that the bone mineral density of the study cohort was the same 
as expected in this age group. 
The DXL Calscan proved to be very useful as a screening instrument in a 
se�  ng such as the mobile, touring fall-preven� on and interven� on program. 
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We would recommend the DXL Calscan for use in screening programs. 
Furthermore, we consider the DXL Calscan as a poten� al screening instrument 
in the ED for all older persons who present with a fracture. However, in order 
to assess other modifi able risk factors and the risk for recurrent falls it should 
always be combined with the CTI. Furthermore, as indicated in Figure 1, there 
is no cut-off  point for osteoporosis according to the CTI. The true value lies in 
the combina� on of the CTI and the DXL Calscan. 
This study has some limita� ons. The authors recorded enough data to use 
the ‘Osteoporosis’ guideline calcula� ons. However, these were not enough 
to also calculate the FRAX score. The FRAX score calcula� on is based on the 
Bone Marrow Density of the femoral neck rather than the calcaneus. 

 
Conclusion

Based on the results of this study, the authors conclude that there is a 
signifi cant correla� on between the 10-year fracture risk based on the CTI 
and the results of the DXL Calscan. The DXL Calscan is a useful tool for the 
assessment of osteoporosis and is best combined with the CTI to also assess 
other modifi able risk factors for falling in older persons. 
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Discussion

Chapter 1: staircase falls
 Staircase falls occurred in all age groups. A fi rst analysis of the results revealed 
that there are many children involved in staircase falls. However, only when 
the data were compared with the age distribu� on in the Netherlands did 
we learn that staircase falls are indeed a problem in older people. There 
was another marked characteris� c about the age distribu� on in this study. 
When the age and gender distribu� on were compared with other reports 
on falls in literature it seemed that this popula� on is a mixture of falls from 
height (predominantly young adults) and low falls (predominantly female). 
This is why the image of staircase falls was chosen as a cover of this thesis. 
The injuries involve mostly the extremi� es. This is not surprising because 
the extremi� es are likely to absorb most of the energy in a staircase fall. 
Young children, however, lack suffi  cient defense mechanisms of their arms 
and hands. Furthermore, their heads are rela� vely larger than that of adults. 
These two things may explain largely why head injuries are rela� vely more 
common in young children. This may be affi  rmed by the idea that parents 
are inclined to take their child to the Emergency Department more easily 
then a� er extremity injury. Despite the fact that this study was done in an 
Academic Hospital the data were in line with na� onal data on staircase 
falls. 
Although staircase falls in general may be diffi  cult to prevent, the very young 
and the very old may be the most easy groups to approach for preven� on of 
falls. Falls in the youngest age group are best prevented by stair gates at the 
top and the bo� om of the stairs. Falls in the older people may be prevented 
by s� mula� ng those with walking diffi  cul� es or recurrent falls to move to 
apartments without stairs. 

Chapter 2: u-shaped sacral fractures
These sacral fractures are rare and severe injuries. They result from a high-
energy impact. In our cohort this was a free fall from height. The pa� ents 
most likely landed on their feet, absorbing most of the energy with their 
spine. The high-energy impact meant that all pa� ents had severe associated 
injuries. These associated injuries caused considerable heterogeneity in this 
small cohort. For example, four types of fracture stabiliza� on were used in 
the eight pa� ents. Moreover, the associated injuries obscured the analysis of 
the postopera� ve mobiliza� on and quality of life. 
As might be expected in polytrauma� zed pa� ents, pain and mobility 
problems were frequent complaints in the follow-up. Despite this all pa� ents 
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were alive. Furthermore, the (severe) neurological status tended to improve 
over the years. Therefore, the authors believe that aggressive and op� mal 
care and support are important and rewarding in these pa� ents. Because the 
injury pa� ern is rare and highly complex, these pa� ents should be referred 
to (academic) medical centers who have a wide exper� se in both pelvic and 
spinal surgery. 

Chapter 3: calcaneal fractures
Calcaneal fractures are also rela� vely rare and severe injuries. Much like 
the sacral fractures they result from high-energy impact. The most common 
cause is a fall from height. Because the calcaneus has a complex structure 
and fractures are diffi  cult to assess, we classifi ed the fractures in consensus 
mee� ngs with an experienced trauma surgeon and trauma radiologist. An 
unexpected fi nding was the absence of a correla� on between the fracture 
characteris� cs and the quality of life. We believe that the eff ect of fracture 
characteris� cs is neutralized by the open reduc� on and internal fi xa� on. 
However, proper prospec� ve assessment is required to determine this. 
Despite the fact that these pa� ents par� cipate less in sports and ac� vi� es, 
their daily ac� vi� es seem li� le eff ected. Furthermore, the quality of life is only 
slightly less than the general Dutch popula� on. This is another expression of 
support for aggressive and op� mal care for these severely injures pa� ents. 
Because of the complexity of the calcaneus with its many ar� cular surfaces, 
the opera� ve treatment should preferably be performed in high volume 
expert centers. 

Chapter 4: preven� on of Venous Thrombo-Embolisms (VTE) in trauma 
pa� ents
There are mul� ple ways in which the prophylaxis of VTE can take place. 
However, it is beyond debate that medicinal prophylaxis is the most 
eff ec� ve. The Low Molecular Weight Heparins (LMWH) and fondaparinux 
are the most eff ec� ve medicines. There are largely four categories of trauma 
pa� ents from a VTE prophylaxis point of view. The fi rst category concerns 
the lower extremity injuries. LMWH signifi cantly reduce the asymptoma� c 
Deep Venous Thrombosis (DVT). However, the clinical signifi cance of this 
asymptoma� c VTE is subject of interna� onal debate. The second category 
concerns the pa� ents with a hip fracture. The eff ec� veness of LMWH and 
fondaparinux in these pa� ents is universally recognized. Category three 
concerns the polytrauma� zed and neurotrauma pa� ents. The prevalence 
of VTE in these pa� ents is high and they would certainly benefi t from VTE 
prophylaxis. However, the problem in these pa� ents is the equilibrium 
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between the increased risk of VTE from the systemic reac� on to the injuries, 
and the increased risk of bleeding from the injuries themselves. The fi nal 
category concerns the burn pa� ents. Although they are likely to benefi t 
from VTE prophylaxis the evidence is currently lacking. Based on the rules of 
‘Evidence Based Medicine’ (scien� fi c evidence with a twist of common sense) 
there seems to be a trend towards an expending use of VTE prophylaxis, 
even in the polytrauma� zed and neurotrauma pa� ents. A strategy for VTE 
prophylaxis must be made in every trauma pa� ent. New medicines are being 
developed and subjected to trials as this thesis is fi nished. In the future, the 
availability of reliable and eff ec� ve oral an� coagulants will likely cause a more 
liberal use in most (ambulant) pa� ent groups. Especially the prophylaxis in 
ambulant pa� ents with lower extremity immobiliza� on or a� er hip fractures 
will be implemented and carried out easier. 

Chapter 5: abdominal injuries in free falls from height
Serious injury or even death can happen a� er any fall, independent of the 
height. However, the higher the fall the smaller the chance of survival. In this 
study we arbitrarily set the threshold at fi ve meters or more. By elimina� ng 
the people who fell or leaped from one story high, we aimed at the pa� ents 
who sustained a free fall from great height. The assessment and resuscita� on 
of trauma pa� ents in our hospital is aided by the Focused Abdominal 
Sonography for Trauma (FAST). In addi� on we have a CT scanner available in 
the resuscita� on room. Therefore, early and complete imaging was done in 
all pa� ents. In addi� on, the injury scoring was done by the trauma surgeons 
that were responsible for the resuscita� on. In doing so we tried to make sure 
we missed as few injuries as possible. Another important diagnos� c as well 
as therapeu� c tool was the interven� on radiology (intravascular coiling). This 
was used to detect and stop arterial bleeding in 1/6th of the pa� ents with 
abdominal injuries. In most of these the intravascular coiling was enough 
to stop the bleeding. Only two pa� ents had to be transferred on to the 
opera� ng room. The mortality in this cohort was lower than in other reports. 
However, abdominal injuries were a signifi cant predictor for mortality. The 
falls described in this Chapter may be diffi  cult to prevent, especially because 
one in four falls is inten� onal. However, many work-related falls may be 
preventable by stricter safety rules for professionals working at height. 

Chapter 6: temporary closure of the open abdomen
The poor quality of the available studies for this systema� c review presented 
a challenge to the authors. The absence of compara� ve trials caused a 
overall lack of proper methodology. Few ar� cles described how they selected 
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pa� ents. In addi� on, the severity of the underlying condi� on was infrequently 
and heterogeneously reported. Another diffi  culty was that not all techniques 
were used in all pa� ent groups. Furthermore, the choice of technique was 
o� en le�  to the discre� on of the opera� ng surgeon and techniques were not 
standardized. Despite the heterogeneity a good eff ort was made to collect all 
the data. Thanks to a good calcula� on method by one of the authors (MGWD) 
we were able to analyze the data and draw some very careful conclusions. The 
main conclusion is that the techniques with the highest fascial closure rate 
also have the lowest mortality rate. However, the severity of the underlying 
condi� on may be a major confounder. More, and preferably prospec� ve, 
research is needed to determine the best technique for temporary closure 
of the abdomen. However, the authors have experienced fi rsthand that the 
methodology and feasibility of such trials are diffi  cult. 

Chapter 7: the construc� on and valida� on of the CAREFALL Triage Instrument 
(CTI)
A� er construc� ng the CTI, the construct validity, clinical validity, and test-
retest reliability were tested. First the construct validity: would the CTI be 
able to iden� fy more risk factors in pa� ents with a higher risk of recurrent 
falls? The CTI did indeed iden� fy these diff erences. Furthermore, it was able 
to correlate age, gender, risk factors and recurrent falls. Secondly, we tested 
the clinical validity. How would the CTI correlate with the clinical assessment 
at the Fall-Preven� on Clinic? This correla� on turned out to be fair to good 
depending for the diff erent risk factors. Given the diff erence in assessment, 
this result was considered good. Thirdly, we tested the test-retest reliability. 
Depending on the risk factors, this reliability was poor to substan� al. In this 
popula� on of older pa� ents, this was an acceptable result. Strikingly, the 
behavior of most of the risk factors was the same in the clinical validity and 
in the test-retest reliability. The CTI is a valuable tool for assessing risk factors 
for recurrent falls. It is an evidence base self assessment ques� onnaire to aid 
secondary falls preven� on. The authors recommend the use of the CTI for all 
older pa� ents who visit the ED a� er a fall from standing height. 

Chapter 8: the extended use of the CTI
The CTI was developed for secondary fall-preven� on in older people who 
came to the ED a� er a fall. However, there are also community-dwelling 
older people who fell before. They might benefi t from secondary fall-
preven� on too. Therefore we extended the use of the CTI. The objec� ve 
was to establish the value of the CTI in community-dwelling older people. 
A cohort of community-dwelling older people were matched and compared 
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with a cohort of older pa� ents who came to the ED a� er a fall. Although the 
prevalence of risk factors was higher in the ED cohort, there was a signifi cant 
associa� on between the number of risk factors and recurrent falls in the 
cohort of community-dwelling older people. The more risk factors, the higher 
the risk of recurrent falls. This is in line with literature. Mul� ple studies have 
shown that it is the number of risk factors rather than the individual risk factors 
that increase the risk of falling. Therefore, community-dwelling older people 
may benefi t from the CTI to reduce the risk of recurrent falling. Secondary 
fall-preven� on in community-dwelling older people is important in reducing 
the number of people with fall related injury. The CTI is recommended for 
secondary fall-preven� on in community-dwelling older people.

Chapter 9: the osteoporosis and fracture risk
This Chapter is the link between fall-preven� on, osteoporosis and fracture 
risk. Thanks to the set up of the mobile, touring fall-preven� on program, we 
were able to contact many older people close to their home. Thereby, we 
allowed more people to join the program. However, the results may indicate 
that the people with severe immobility were s� ll missed by the program. The 
distribu� on of risk factors in this cohort diff ers from our previous reports 
on this popula� on. This may indicate that, although these were rela� vely 
large samples, it is diffi  cult to get a representa� ve picture of this popula� on. 
In this cohort, the DXL Calscan proved to be a valuable tool for assessing 
osteoporosis. It is o� en stated that we should screen all older people who 
present with a fracture (regardless of the cause) for osteoporosis. The 
rela� vely small dimensions of the devise allow it to be used in the ED or 
at any Osteoporosis outpa� ent clinic. In addi� on, more hospitals should 
start Fall-Preven� on Clinics or cooperate with nearby hospitals that already 
have Fall-Preven� on Clinics. The CTI is recommended as a tool for selec� ng 
pa� ents that may benefi t from these Fall-Preven� on Clinics. That is the way 
forward in secondary fall and fracture preven� on. 
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APPENDIX I

The CAREFALL Triage Instrument, version 007, October 2004

Fall-ques� onnaire
[to be completed by the person who fell, if necessary with a close rela� ve or friend]

Name: _______________________   Date: _______________________
Date of birth: __________________   O male   O female

Did your General Prac� � oner refer you to the Emergency Department? O yes O no
Do you live alone?       O yes  O no
Before the fall, did you receive help from your partner,
neighbor or homecare/district nursing?     O yes  O no
Since the fall, do you receive help from your partner,
neighbor or homecare/district nursing?     O yes  O no

How o� en do you fall?
1. Was this fall your fi rst fall?      O yes  O no
If yes, please proceed to ques� on 4.
2. How o� en did you fall in the last 12 months? _________
3. On average, how o� en do you fall? 
 O daily
 O at least once per week
 O at least once per month
  O at least once per year

Circumstances of the fall.
4. Do you usually fall…..  O at home  O elsewhere  O both
5. According to you, what was the cause of your (last) fall?
 O accident/trip/slip 
 O faint
 O other, namely: ________________
6. Is there anyone who witnessed the fall?  O no O yes, namely: _______________

The following ques� ons concern all falls that you have sustained, even if this was
your fi rst fall.
7. Do you remember how you fall?   O yes O no  O I do not know
8. When you fall, or when you have the feeling that you almost fall, does this happen?:
(mul� ple answers possible)

Appendix
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a. while ge�  ng up (from a bed or a chair)   O yes  O no  O I do not know
b. when turning your head or shaving   O yes  O no  O I do not know
c. at night while ge�  ng out of bed   O yes  O no  O I do not know
d. within 2 hours a� er a meal    O yes  O no  O I do not know
e. while coughing of laughing    O yes  O no  O I do not know
f. on the toilet while urina� ng or defeca� ng  O yes  O no  O I do not know
g. in warm weather or a warm environment  O yes  O no  O I do not know
h. a� er prolonged standing    O yes  O no  O I do not know
i. with emo� onal stress or pain    O yes  O no  O I do not know
j. caused by an accident (e.g. slip or trip)   O yes  O no  O I do not know
k. while exercising     O yes  O no  O I do not know

9. Do you feel the fall coming up?    O yes  O no  O I do not know
If yes, what are your complaints before you fall? (mul� ple answers possible)
a. dizziness      O yes  O no  O I do not know
b. black before eyes or light feeling in head   O yes  O no  O I do not know
c. heart palpita� ons     O yes  O no  O I do not know
d. chest pain      O yes  O no  O I do not know
e. � ngling in the hands or around the mouth  O yes  O no  O I do not know
f. shortness of breath     O yes  O no  O I do not know
g. warm sensa� on in the belly    O yes  O no  O I do not know
h. blurred vision / double-sight    O yes  O no  O I do not know
i. headache      O yes  O no  O I do not know
j. transpire      O yes  O no  O I do not know
k. nausea / vomi� ng     O yes  O no  O I do not know

10. What is your complexion before you fall?  
 O normal complexion
 O pale
 O red
 O unknown

11. During, or just a� er the fall, do you experience any of the following complaints?
(mul� ple answers possible)
a. loss of consciousness     O yes  O no  O I do not know
If yes, how long does this last? 
 O less than 1 minute
  O 1-5 minutes
  O more than 5 minutes
b. convulsions      O yes  O no  O I do not know
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c. s� ff ening/cramping of the body    O yes  O no O I do not know
d. urinary incon� nence     O yes  O no  O I do not know
e. fecal incon� nence     O yes  O no  O I do not know
b. bi� ng of the tongue     O yes  O no  O I do not know
g. inability to stand up a� er a fall    O yes  O no  O I do not know
h. loss of strength or sensibility in the limbs  O yes  O no  O I do not know
i. diffi  culty speaking     O yes  O no  O I do not know
j. confusion      O yes  O no  O I do not know
If yes, how long does this last? 
 O less than 1 minute
  O 1-5 minutes
  O more than 5 minutes

Mobility before the (last) fall.
12. Did you experience diffi  culty walking?     O yes  O no
13. Did you use a walking aid?      O yes  O no
If yes, what kind of aid(s)?  
 O walking cane
 O wheelchair
 O tripod
 O scootmobil
 O rollator
 O Other: __________
14. Did you have a good balance?      O yes  O no
15. Did you experience pain in your legs or feet?    O yes  O no
16. Did you experience a decreased sensibility in your legs or feet?  O yes  O no
17. Did you have decreased strength in one or both legs?   O yes  O no
18. Did you experience joint s� ff ness?     O yes  O no
19. Before the fall, were you afraid to fall? (please � ck the appropriate box below)
[Not afraid]  1 --- 2 --- 3 --- 4 --- 5 --- 6 --- 7 --- 8 --- 9 --- 10  [Very much afraid]
20. Are you afraid to fall? (please � ck the appropriate box below)
[Not afraid] 1 --- 2 --- 3 --- 4 --- 5 --- 6 --- 7 --- 8 --- 9 --- 10  [Very much afraid]

Osteoporosis.
21. Did you sustain a fracture since your 50th birthday? O yes, namely: ___________ O no
22. Do you have one or more collapsed vertebrae?       O yes    O no  O I do not know
23. Did your mother ever break her hip?        O yes    O no  O I do not know
24. Do you weigh less than 60 kilograms (women) or less than 67 kilograms (men)?
                                                              O yes  O no
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25. Do you spend more than 20 hours a day in bed or lying on the couch?
                                                            O yes  O no
26. How o� en do you get outside? 
 O daily
 O weekly
 O monthly 
 O (almost) never
27. Do you use dairy products? (such as milk, cheese, or yoghurt) O yes  O no
If yes, how many glasses of milk/bu� ermilk per day?   _______ glasses 
per day
How many slices of bread with cheese per day?   _______slices per day
How many bowls of yoghurt/custard per day?   _______ bowls per day
28. How o� en do you have physical exercise? (for example half an hour walking, cycling, 
or swimming) 
 O daily
 O 3 � mes per week
 O weekly
 O monthly
 O (almost) never

Eyesight / vision.
29. Can you read the newspaper well?     O yes  O no
30. Did you experience a marked decrease in eyesight over the past 6 months?
                                                       O yes  O no
31. Do you use an aid to increase your eyesight?    O yes  O no
If yes, what type of aid? ____________________________________________

Urinary passages.
32. Do you have diffi  culty holding your water?    O yes  O no
33. At night, how many � mes do you have to get up to urinate? _____________________

Social situa� on.
34. Civil status
 O married
 O widow / widower
 O divorced
 O single
 O living together with: ________________________
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35. How do you live?
 O independently without help
             O independently with help (e.g. partner / homecare)
               O home for the elderly
               O nursing home
36. Since the fall, did you visit a physiotherapist?    O yes  O no
Is yes, how o� en do you visit the physiotherapist?   ______ � mes per week 
                                                      ______ � mes in total
37. Did you visit your family doctor a� er you fell?    O yes  O no
If yes, how many � mes did you visit your family doctor? ______ � mes
38. Did your family doctor visit you at home a� er you fell?   O yes  O no
If yes, how many � mes did your family doctor visit you at home?____ � mes
39. Do you smoke?   O no O yes, namely:  ______ cigare� es per day
40. Do you drink alcohol?  O no  O yes, namely:  ______ glasses per day
41. During the past month, did you ever feel dejected, depressed, or desperate?
        O yes  O no
42. During the past month, did experience a loss in interest in things?
        O yes  O no
43. Please � ck which of the following diseases you have been /are treated for:
 O diabetes mellitus
 O high blood pressure
 O stroke / cerebral infarc� on
 O heart a� ack
 O eye disorder
 O thyroid disease
 O cancer
 O other: ________________________
44. Which medicines do you use at the moment?
Name medicine          Dose            How o� en do you use this medicine?
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________ 
_____________________________________________________________________
_____________________________________________________________________
(please con� nue on the back if necessary)

Thank you very much for answering this ques� onnaire!
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Summary

This thesis describes free falls, staircase falls, falls in older people, fall related 
injury and its complica� ons. The nine chapters are divided in three parts. 

Part I. On Fall-related Skeletal injury  and Thrombo-embolic Complica� ons

Chapter 1 describes a study of 464 pa� ents who sustained a staircase fall. 
Injury characteris� cs and high risk groups are described. The majority of 
pa� ents was female and the mean age of the popula� on was 35 years. The 
incidence of head injury was signifi cantly higher in children under fi ve years. 
Thoracic injuries were signifi cantly more common in men than in women. 
Spinal injuries were seen exclusively in pa� ents under 25 years. Older 
pa� ents sustained more rib fractures and were signifi cantly more o� en 
admi� ed than younger pa� ents. The characteris� cs of this cohort were 
comparable with the na� onal popula� on data on staircase falls. However, 
in comparison to the na� onal popula� on data, older pa� ents in this study 
had an incidence that was markedly higher than in younger pa� ents. Fall 
preven� on programs should aim at the children under fi ve years and people 
over 65 years of age. 
Chapter 2 concerns pa� ents with a extreme rare, unstable fracture of the pelvic 
ring: the U-shaped sacrum fracture. The injury characteris� cs, treatment, 
and follow-up are described in detail. In a six year period, eight pa� ents with 
a U-shaped sacrum fracture were admi� ed in our hospital, fi ve females and 
three men with a median age of 29 years. All pa� ents had severe associated 
injuries and their Injury Severity Score varied between 17 and 45 (median, 
23). Defi ni� ve opera� ve fi xa� on was achieved using percutaneous iliosacral 
screws, transsacral plate osteosynthesis, or triangular osteosynthesis with 
or without transsacral plate. The choice of fi xa� on depended on the type of 
fracture, the associated spinal fractures, and the preference of the opera� ng 
surgeon. Pain, mood disorders, and mobility problems dominated their 
health related quality of life. The low incidence of this injury and the severe 
associated injuries make individual injuries diffi  cult to analyze. 
Chapter 3 describes a study of the health related quality of life and func� onal 
outcome of pa� ents who received opera� ve treatment for their dislocated 
calcaneal fracture. One hundred and ten pa� ents (66 % men) with a dislocated 
fracture of the calcaneus were included between 1999 and 2007. The median 
age was 41 years and 42% was mul� trauma pa� ent. Fractures were classifi ed 
according tot the Essex-Lopres�  and Sanders classifi ca� on. The number of 
Essex-Lopres�  Joint Depression fractures and Essex-Lopres�  Tongue Type 
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fractures were equal. Sanders type II fracture was the most common (46%). 
In total 65% of the pa� ents was available for follow-up. At follow up the 
median EuroQol-5D score (health related quality of life) was 0.69 for the 
en� re cohort and 0.71 for pa� ents with an isolated calcaneal fracture. The 
median Foot an Ankle Outcome Survey (func� onal outcome) (100=highest 
score) were: pain (78), symptoms (57), daily ac� vi� es (85), sports (55), and 
quality of life (63). The EuroQol-5D and Foot and Ankle Outcome Survey 
score were signifi cantly worse in the pa� ents with mul� trauma and pa� ents 
with an arthrodesis. There was no rela� onship between the type of fracture 
(according to Essex-Lopres�  of Sanders) and the EuroQol-5D and Foot and 
Ankle Outcome Survey score. 
Venous thrombo-embolisms (VTE) are frequently found in trauma pa� ents 
but are o� en asymptoma� c. Prophylaxis in these pa� ents, who o� en have 
an increased risk of bleeding, deserves extra a� en� on. Chapter 4 describes 
an overview ar� cle and an ‘Evidence based’ tool for VTE prophylaxis for the 
individual trauma pa� ent. A� er an injury to the lower extremity, low molecular 
weight heparin prophylaxis is advised during the period of immobiliza� on. 
A� er opera� ve treatment of hip fractures, Fondaparinux is advised during 
the fi rst four weeks. In poly- and neurotrauma pa� ents, low molecular weight 
heparin has shown the best results. It is found that VTE prophylaxis is also 
indicated in burn pa� ents. Based on these results we concluded that VTE 
prophylaxis is indicated in most trauma pa� ents. There is a trend towards a 
broader use in polytrauma� zed and neurotrauma pa� ents. 

Part II. On Fall-related Abdominal Injury and Abdominal Complica� ons

Chapter 5 concerns abdominal injuries following free falls from height. One 
hundred and thirty-nine pa� ents  (76% man and a median age of 31 years) 
met the main inclusion criterion of this study, namely a fall from fi ve meters 
or more. Forty-one pa� ents (29%) sustained abdominal injury following the 
fall. In total 9% sustained a retroperitoneal bleeding, 5% a liver lacera� on, 
6% a kidney lacera� on, and 6% a lacera� on of the spleen. Eleven pa� ents 
(8%) underwent emergency laparotomy and/or endovascular sten� ng to 
stop the bleeding. Abdominal injury was associated with a tenfold increase 
in mortality (20% versus 2%). In surviving pa� ents abdominal injuries were 
not associated with a worse long-term outcome. Based on these results we 
conclude that abdominal injuries occur frequently a� er a fall from height 
and that they are associated with a tenfold increase in mortality. 
Chapter 6 describes a systema� c review to assess which temporary ab-
dominal closure technique is associated with the highest delayed primary 
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fascial closure rate. In a search of the literature search, we iden� fi ed 154 
abstracts of which 96 were considered relevant. A� er reading them, 51 
ar� cles were included, describing 57 case series. The temporary closure 
techniques described were VAC , Vacuum pack , Ar� fi cial burr, Mesh/sheet,  
Zipper , Silo , Skin closure , Dynamic Reten� on Sutures and Loose packing. 
The highest delayed fascial closure rates were seen in the Ar� fi cial burr 
(90%), DRS (85%), and VAC (60%). The lowest mortality rates were seen in 
the Ar� fi cial burr (17%), VAC (18%), and DRS (23%). The results of this review 
may suggest that the Ar� fi cial burr and the Vacuum Assisted Closure are 
associated with the highest delayed primary fascial closure rates as well as 
the lowest mortality rates. 
 
Part III. The CAREFALL Triage Instrument

The valida� on of the CAREFALL Triage Instrument (CTI) is described in chapter 
7. The CTI was developed as a self-administered ques� onnaire for assessing 
modifi able risk factors for recurrent falls in older pa� ents (65 years or older). 
The risk factors were ‘medica� on’, ‘balance and mobility’, ‘fear of falling’, 
‘orthosta� c hypotension’, ‘mood disorders’, ‘high risk of osteoporosis’, 
‘impaired vision’, and ‘urinary incon� nence’. The construct validity, clinical 
validity, and test-retest reliability were tested. Construct validity: Recurrent 
falls correlated with more risk factors. Age, female gender, and six risk factors 
correlated with recurrent falls. Clinical validity: the agreement between the 
CTI and FPC (classifi ed as almost perfect, substan� al, moderate, fair and 
slight) was fair for ‘balance and mobility’, ‘orthosta� c hypotension’, and 
‘urinary incon� nence’, moderate for ‘mood’, ‘fear of falling’, and ‘high risk 
of osteoporosis’, and substan� al for ‘medica� on’, and ‘impaired vision’. Test-
retest reliability: the agreement between the two CTI’s was substan� al for 
‘medica� on’, ‘high risk of osteoporosis’, moderate for ‘balance and mobility’, 
‘mood’, fair for ‘orthosta� c hypotension’, ‘impaired vision’ and ‘urinary 
incon� nence’, and poor for ‘fear of falling’. Based on these results we 
conclude that the CTI is a reliable and valid instrument for the assessment of 
modifi able risk factors for recurrent falls in older pa� ents. 
The use of the CTI for secondary fall preven� on in older pa� ents outside 
the hospital is assessed in chapter 8. In order to compare the older pa� ents 
outside the hospital to the older pa� ents at the Emergency Department (ED), 
two cohorts were included. The Two hundred and forty-fi ve older pa� ents 
who visited the ED were matched by age and gender to 245 older pa� ents 
who a� ended a fall preven� on and interven� on program. The two cohorts 
contained 490 individuals (77% female and the median age was 77 years). The 
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number of individuals with recurrent falls was greater in the ED cohort (61%; 
p=0.008). The median number of risk factors was higher in the ED cohort (4; 
Inter Quar� le Range (IQR) 3-5) compared with the fall preven� on cohort (3; 
IQR 3-4). In both cohorts a signifi cant associa� on between the number of 
risk factors per individual and the risk of recurrent falls was found. In the fall 
preven� on cohort, each added risk factor per individual increased the risk 
of recurrent falls by 37% for that individual. This increased risk per added 
risk factor was slightly higher in the ED cohort (38%). Based on these results 
we concluded that the CTI is also a useful instrument for the assessment of 
modifi able risk factors in older pa� ents who stayed outside the ED. 
Chapter 9 describes a study of the correla� on between the es� mated fracture 
risk and the measured bone mineral density (osteoporosis). The fracture risk 
is es� mated using the informa� on from the CTI and calcula� ons from the 
Dutch Ins� tute for Healthcare Improvement (Dutch: CBO) na� onal guideline 
‘Osteoporosis’. The level of osteoporosis is measured with the Dual-energy 
X-Ray and Laser Absorp� ometry (DXL) calcaneus scan. The 10-year risk of 
sustaining a wrist fracture, vertebral fracture, or hip fracture was es� mated 
for all individuals. They also underwent a DXL calcaneus bone mineral density 
scan. A total of 177 individuals were included. Their median age was 78 
years and 54 % was female. Over 70% of the individuals had a recent history 
of recurrent falls. Approximately half of the individuals had one or more 
factors that contributed to an increased fracture risk. The median 10-year 
risk of this community dwelling popula� on sustaining a wrist fracture was 
2%. The median risk of sustaining a vertebral fracture was 5%. The median 
risk of sustaining a hip fracture was also 5%. Women had a higher 10-year 
fracture risk than men. According to the DXL calcaneus scan, 43% individuals 
suff ered from (severe) osteoporosis. There was a signifi cant correla� on 
between the es� mated 10-year fracture risk and the diagnosis osteoporosis 
according to the DXL calcaneus scan. Based on these results we conclude 
that the es� mated fracture risk and the measured osteoporosis correspond. 
However, in daily prac� ce the CTI and DXL calcaneus scan complement each 
other. Therefore, they are best applied as a combined assessment for the 
(secondary) preven� on of falls and associated fractures in older pa� ents. 
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Samenva�  ng 

Dit proefschri�  beschrij�  de gevolgen van vallen van hoogte, vallen van de 
trap, vallen bij ouderen, valgerelateerd letsel en complica� es daarvan. De 
negen hoofdstukken zijn naar onderwerp ondergebracht in drie delen.

Deel I: valgerelateerd letsel van het steun en bewegingsapparaat en 
trombo-embolische complica� es

In hoofdstuk 1 wordt een cohort beschreven van 464 pa� ënten die van 
de trap gevallen zijn. Letselkarakteris� eken en hoog risicogroepen worden 
beschreven. De meerderheid van de pa� ënten was vrouwelijk met een 
gemiddelde lee� ijd van 35 jaar. De inciden� e van hoofdletsel was signifi cant 
hoger bij kinderen tussen de nul en vijf jaar. Thoraxletsel werd signifi cant 
vaker gevonden bij mannen. Wervelkolom letsel werd uitsluitend gezien 
bij pa� ënten jonger dan 25 jaar. Het aantal ribfracturen, fracturen van de 
onderste extremiteit en het aantal ziekenhuisopnamen was hoger onder 
oudere pa� ënten. De karakteris� eken van dit cohort kwamen sterk overeen 
met de na� onale gegevens over vallen van de trap. Vergelijking van dit cohort 
met de Nederlandse popula� e leerde dat de inciden� e van een dergelijke val 
onder ouderen veel hoger is dan onder jongeren. Valpreven� eprogramma’s 
kunnen zich het best richten op de kinderen onder de vijf jaar en ouderen 
boven de 65 jaar. 
Hoofdstuk 2 gaat over pa� ënten met een zeldzame, instabiele fractuur 
van de bekkenring: de U-vormig sacrumfractuur. De letselkarakteris� eken, 
behandeling en follow-up van deze pa� ëntencategorie wordt beschreven. 
In zes jaar � jd werden acht pa� ënten met een U-shaped sacrum fractuur 
opgevangen en opgenomen in onze kliniek. Het betrof vijf vrouwen en drie 
mannen met een gemiddelde lee� ijd van 29 jaar. Alle pa� ënten hadden 
erns� g geassocieerd letsel. De Injury Severity Score varieerde van 17 tot 45 
(mediaan: 23). Voor defi ni� eve opera� eve behandeling werd gebruik gemaakt 
van percutane iliosacrale schroeven, transsacrale plaatosteosynthese of 
triangulaire osteosynthese met of zonder transsacrale plaat. De keuze 
van het soort fi xa� e was a	 ankelijk van het type fractuur, geassocieerde 
fracturen van de wervelkolom en de voorkeur van de operateur. Pijn, 
stemmingsstoornissen en mobiliteitproblemen hadden een sterke invloed 
op de gezondheidsbeleving van de pa� ënten. Door de lage inciden� e van 
dit letsel en het erns� ge geassocieerde letsel zijn de afzonderlijke letsels 
moeilijk te analyseren. 
In hoofdstuk 3 worden de kwaliteit van leven en func� onele uitkomsten 
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geëvalueerd van pa� ënten die opera� ef zijn behandeld aan een gedisloceerde 
fractuur van de calcaneus. Gedurende een periode van acht jaar werden 110 
pa� ënten geïncludeerd (66% mannen). De mediane lee� ijd was 41 jaar en 
42% hiervan was een mul� trauma pa� ënt. Fracturen werden geclassifi ceerd 
volgens Essex-Lopres�  en Sanders. Het aantal Essex-Lopres�  Joint Depression 
fracturen was gelijk aan het aantal Essex-Lopres�  Tongue Type fracturen. 
De Sanders type II fractuur werd het meest gezien (46%). Eenenzeven� g 
pa� ënten (65%) waren beschikbaar voor follow-up. De mediane EuroQol-5D 
score was 0,69 voor het gehele cohort en 0,71 voor de pa� ënten met een 
geïsoleerde calcaneusfractuur. De mediane Foot and Ankle Outcome Survey 
sub-scores (100=hoogste score) waren: pijn (78), symptomen (57), dagelijkse 
ac� viteiten (85), sport (55) en kwaliteit van leven (63). De EuroQol-5D en Foot 
and Ankle Outcome Survey scores waren signifi cant slechter bij mul� trauma 
pa� ënten en bij pa� ënten met een arthodese. Er was geen rela� e tussen 
het type fractuur (volgens de Essex-Lopres�  of Sanders classifi ca� e) en de  
EuroQol-5D of Foot and Ankle Outcome Survey score. Op basis van deze 
resultaten concluderen we dat het geassocieerde letsel en een arthrodese 
en niet het type fractuur de lange termijn uitkomst bepalen. 
Veneuze trombo-embolieën (VTE) komen frequent voor bij traumapa� ënten 
en verlopen vaak asymptoma� sch. De indica� e en de overweging tot 
het geven van profylaxe bij deze pa� ënten, die vaak ten gevolge van het 
ondergane trauma een verhoogd risico hebben op bloedingen, verdient 
extra aandacht. Hoofdstuk 4 betre�  een overzichtsar� kel dat als hulpmiddel 
kan dienen bij het maken van een ‘evidence based’ (wetenschappelijk 
onderbouwde) keuze voor VTE profylaxe bij de individuele traumapa� ënt. 
Bij een letsel van de onderste extremiteit wordt laagmoleculaire heparine 
toediening geadviseerd gedurende de periode van de (gips)immobilisa� e. 
Na behandeling van heupfracturen is vier weken fondaparinux geïndiceerd. 
Voor poly- en neurotraumapa� ënten hee�  laagmoleculaire heparine de beste 
resultaten laten zien. Bij pa� ënten met brandwonden lijkt tromboseprofylaxe 
geïndiceerd. Op basis van de resultaten concluderen we dat VTE profylaxe 
geïndiceerd is bij de meeste traumapa� ënten. Er is een trend zichtbaar voor 
een breder gebruik van VTE profylaxe bij poly- en neurotraumapa� ënten. 

Deel II: valgerelateerd abdominaal letsel en abdominale complica� es 

Hoofdstuk 5 betre�  een studie naar abdominaal letsel ten gevolge van 
vallen van hoogte. Honderd negenender� g pa� ënten (76% mannen en een 
mediane lee� ijd van 31 jaar) voldeden aan het inclusiecriterium van een val 
van vijf meter of hoger. Eenenveer� g pa� ënten (29%) hadden abdominaal 
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letsel. In totaal betrof dit bij 9% een retroperitoneale bloeding, bij 8% 
een leverlacera� e, bij 6% een nierlacera� e en bij 6% een miltlacera� e. Elf 
pa� ënten (8%) ondergingen een spoedlaparotomie en/of een endovasculaire 
behandeling (sten� ng/coiling) om het bloeden te stoppen. Abdominaal 
letsel was geassocieerd met een � enmaal hogere mortaliteit (20% versus 
2%). Bij de overlevende pa� ënten werd geen verband gevonden tussen het 
abdominale letsel en de gezondheidsbeleving op lange termijn. Op basis van 
deze resultaten concluderen we dat abdominaal letsel frequent voorkomt 
na een val van hoogte en dat dit geassocieerd is met een � enmaal hogere 
mortaliteit. 
Hoofdstuk 6 is een systema� sch literatuurstudie naar de op� male techniek 
voor de � jdelijke slui� ng van het open abdomen. Eindpunt was het percentage 
succesvolle fascieslui� ngen bij de defi ni� eve slui� ng van het open abdomen. 
Na het doorzoeken van de literatuur werden 154 samenva�  ngen gevonden 
waarvan 96 als relevant beoordeeld werden. Er werden geen vergelijkende 
onderzoeken gevonden. Na het lezen en beoordelen van de samenva�  ngen 
hebben we 51 ar� kelen waarin 57 pa� ëntenseries beschreven werden 
geïncludeerd. De beschreven technieken betroff en de vacuüm geassisteerde 
slui� ng, vacuüm-pack, kli� enband, gaas/folie, ritsslui� ng, silo, huidslui� ng 
alleen, dynamische reten� e hech� ngen en losse gazen. Het hoogste 
percentage fascieslui� ngen werd gezien bij de kli� enbandslui� ng (90%), de 
dynamische reten� e hech� ngen (85%) en de vacuüm geassisteerde slui� ng 
(60%). De laagste mortaliteit werd gevonden bij de kli� enbandslui� ng (17%), 
de vacuüm geassisteerde slui� ng (18%) en de dynamische reten� e hech� ngen 
(23%). Deze resultaten zijn een aanwijzing dat de kli� enbandslui� ng en de 
vacuüm geassisteerde slui� ng geassocieerd zijn met het hoogste percentage 
fascieslui� ng en de laagste mortaliteit. 

Deel III: het CAREFALL Triage Instrument

In hoofdstuk 7 wordt de valida� e van het CAREFAL Triage Instrument (CTI) 
beschreven. Het CTI is ontwikkeld als een zelf in te vullen vragenlijst over 
de modifi ceerbare risicofactoren voor het herhaald vallen bij ouderen (65-
plus). De risicofactoren waren: ‘medica� e’, ‘balans en mobiliteit’, ‘angst 
om te vallen’, ‘orthosta� sche hypotensie’, ’stemmingsstoornis’, ‘hoog risico 
op osteoporose’, ‘verminderd gezichtsvermogen en urine-incon� nen� e. 
De begripsvaliditeit (constructvaliditeit), klinische validiteit en de test-
hertest betrouwbaarheid, werden getest. Begripsvaliditeit: het hebben 
van de meerdere risicofactoren was geassocieerd met het herhaald vallen. 
Toegenomen lee� ijd, vrouwelijk geslacht en zes individuele risicofactoren 
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waren geassocieerd met het herhaald vallen. Klinische validiteit (de over-
eenstemming tussen het CTI en het oordeel op de valpreven� e polikliniek, 
onderverdeeld in bijna perfect, substan� eel, middelma� g, redelijk en gering) 
was redelijk voor balans en mobiliteit, orthosta� sche hypotensie en urine 
incon� nen� e; middelma� g voor stemmingsstoornis, angst om te vallen en 
een hoog risico op osteoporose; substan� eel voor medica� e en verminderd 
gezichtsvermogen. De test-hertest betrouwbaarheid was substan� eel voor 
medica� e, hoog risico op osteoporose; middelma� g voor balans en mobiliteit 
en stemmingsstoornis; redelijk voor orthosta� sche hypotensie, verminderd 
gezichtsvermogen en urine incon� nen� e. Op basis hiervan concluderen we 
dat het CTI een betrouwbaar en valide instrument is voor het uitvragen van 
de modifi ceerbare risicofactoren voor het herhaald vallen bij ouderen. 
In hoofdstuk 8 wordt de toepassing van het CTI bij secundaire valpreven� e 
onder ouderen buiten het ziekenhuis onderzocht. Voor de vergelijking werden 
245 ouderen (valpreven� e cohort) op lee� ijd en geslacht gematched met 245 
pa� ënten uit de Spoedeisende Hulp (SEH) valdatabase (totaal 490 ouderen). 
Er waren 376 vrouwen (77%) en de mediane lee� ijd was 77 jaar. Het aantal 
pa� ënten met herhaalde vallen was groter in het SEH cohort (61%; p=0,008). 
Het mediane aantal risicofactoren was ook hoger in het SEH cohort (4; Inter 
Quar� le Range (IQR) 3-5) vergeleken met het valpreven� e cohort (3; IQR 3-
4; p<0,001). In beide cohorten bestond er een signifi cante associa� e tussen 
het aantal risicofactoren per individu en het risico op herhaald vallen. In het 
valpreven� e cohort was elke extra risicofactor verantwoordelijk voor een 
toegenomen risico van 37% op herhaald vallen. Dit getal was iets hoger in het 
SEH cohort (38%). Op basis van deze resultaten concluderen we dat het CTI 
ook een bruikbaar instrument is voor het onderzoeken van modifi ceerbare 
risicofactoren voor herhaald vallen bij ouderen buiten de SEH. 
Hoofdstuk 9 is een studie naar de correla� e tussen het gescha� e fractuur-
risico volgens het CTI en de CBO (Kwaliteitsins� tuut voor de gezondheidszorg) 
richtlijn ‘Osteoporose’ en de gemeten osteoporose met de Dual-energy X-Ray 
and Laser Absorp� ometry (DXL) calcaneusscan. Van alle individuen werd het 
10-jaars fractuurrisico (pols, wervel en heup) berekend door een aantal items 
van het CTI in te voeren in de formule van de CBO richtlijn. Alle pa� ënten 
ondergingen tevens een DXL calcaneus botdichtheidscan. Er werden 177 
ouderen geïncludeerd met een mediane lee� ijd van 78 jaar. Hiervan was 54% 
vrouw. Meer dan 70% van de ouderen had een geschiedenis van herhaald 
vallen. Ongeveer de hel�  van hen had een of meer factoren die bijdroegen aan 
een verhoogd fractuurrisico. Het mediane 10-jaars risico op een polsfractuur 
was 2%. Het mediane 10-jaars risico op een wervelfractuur was 5%. Het 
mediane 10-jaars risico op een heupfractuur was 5%. Vrouwen hadden een 
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hoger 10-jaars fractuurrisico dan mannen. Volgens de DXL calcaneusscan 
hadden 76 ouderen (43%) osteoporose. Er was een signifi cante correla� e 
tussen het voorspelde 10-jaars fractuurrisico en de diagnose osteoporose 
volgens de DXL calcaneusscan. Op basis van deze resultaten kunnen we 
concluderen dat het gescha� e fractuurrisico en de gemeten osteoporose 
overeenkomen. Echter, in de prak� jk vullen het CTI en de DXL calcaneusscan 
elkaar goed aan. Ze kunnen het beste als combina� e worden ingezet bij de 
(secundaire) preven� e van vallen en valgerelateerde fracturen bij ouderen. 
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