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General introduction and outline of the thesis 

Foot and ankle injuries are often a result of high energy accidents or sports related and 
occur for this reason frequently in young, active patients.1,2 As these form a major part 
of the working population the socio-economic burden of these injuries is substantial. In 
1908 already, Cotton and Wilson noted that ‘The man who breaks his heelbone is done so 
far as his industrial future is concerned’.3 Additionally, in foot and ankle surgery infectious 
complications are observed more often compared to other parts of the body. The foot and 
ankle differ in many ways from other parts of the body and form an environment ideal 
for bacteria.4,5 Preventing infectious complications is of importance because they may 
negatively influence functional outcome6 and because of the extra costs associated with 
the treatment of surgical site infections. A superficial surgical site infection may cost up to 
€1500 per patient whilst deep surgical site infections may cost up to €20000 per patient.7 
Thus, for the sake of better functional outcome and lower costs, prevention of infections is 
of paramount importance. 
Over the course of time various strategies for preventing surgical site infections have been 
developed. In 1847, Semmelweis proposed routine hand disinfection in order to prevent 
surgical site infections after he noticed higher infection rates in patients who were treated 
by physicians who had worked in the mortuary prior to contact with patients.8 Since then, 
the development of methods for prevention of surgical site infections following lower 
extremity fracture surgery has been continuous. Examples of preventative measures are; 
antibiotic prophylaxis9, redosing of antibiotic prophylaxis10, postoperative casting11, less 
invasive approaches (minimal invasive surgery)12 and use of prophylactic negative pressure 
wound therapy.13 Despite these efforts, high rates of surgical site infections are still observed 
following lower extremity fracture surgery underlining the need for continuous research on 
this subject.
Apart from the ‘early’ infectious complications following lower extremity fracture surgery, 
late complications may occur as well. Examples are implant related complaints14 (e.g. pain of 
restricted range of motion) and posttraumatic osteoarthritis. Posttraumatic osteoarthritis is 
a result of damage to the cartilage after a trauma.15 In patients with a calcaneal fracture this is 
mostly observed in the subtalar joint. The incidence of posttraumatic subtalar osteoarthritis 
following a calcaneal fracture is dependent on the severity of the fracture and varies 
between 5% and 72%.16,17 Besides the incidence, the severity of the osteoarthritis differs 
which has consequences for treatment. Mild symptoms may be managed with adjustments 
in footwear whilst more severe cases demand a subtalar arthrodesis.15 By performing such 
arthrodesis the subtalar joint is fused and the source of the pain is eliminated at the expense 
of the of the subtalar joint. Fusion of the subtalar joint is however not the holy grail and 
varying outcomes following subtalar arthrodesis have been reported.18–21 
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Ankle fractures are one of the most commonly encountered fractures and occur most 
often in young active males and elderly females.1,22 The ankle syndesmosis consists of four 
ligaments: the anterior and posterior inferior tibiofibular ligament, transverse tibiofibular 
ligament and the membrana interossea.23 Sometimes the energy of an accident can be of 
such magnitude that (some of) the ligaments are injured and instability of the syndesmosis 
joint occurs. Such a situation demands surgical fixation of the syndesmosis to allow it to 
heal. Traditionally the syndesmosis is fixated with a metal syndesmosis. During ambulation 
the syndesmosis widens due to the cone shape of the talus. As metal syndesmosis screws 
form a rigid fixation of the syndesmosis they are thought to hamper this normal widening 
and therefore may cause complaints whilst in situ. For this reason syndesmotic screws are 
regularly routinely removed following healing of the syndesmosis. 

Outline of the thesis

Complications in lower extremity surgery
In Part I of this thesis various strategies for preventing surgical site infections are 
evaluated. In the WIFI-trial, a multicenter double-blind placebo-controlled randomized trial 
investigating the effect of a single dose of Cephalosporins on the incidence of surgical site 
infections following implant removal24, the Lower Extremity Functional Scale25 was used as 
a secondary outcome measure to evaluate functional outcome following implant removal. 
We study the normative values of the LEFS in a normal Dutch population in order to aid 
in the interpretation of the functional outcome of the WIFI-trial (chapter 1). In the mid-
nineties it was learned from the Dutch Trauma Trial by Boxma et al. that a single dose of 
Cephalosporins administered directly pre-operatively statistically significantly lowered the 
incidence of surgical site infections from 8.3% to 3.6% following surgical fixation of a closed 
fracture.9 Since this publication the use of antibiotic prophylaxis is undisputed in closed 
fracture surgery.10 Following surgical fixation of a fracture, implant removal is sometimes 
necessary due to various indications such as; infection, implant related complaints, pain 
or simply due the patients’ preference.26 Following the criteria of the Centers for Disease 
Control and Prevention (CDC), all of these indications, except infection, are ‘clean surgery’ 
and subsequently antibiotic prophylaxis is not indicated27 and infection rates not exceeding 
5% may be expected.28 Interestingly in a retrospective study up to 11.5% surgical site 
infections following implant removal were observed.29 We therefore hypothesized that a 
single dose of antibiotic prophylaxis may be beneficial prior to implant removal. For this 
reason the WIFI-trial was developed, in chapter 2 the results of the WIFI-trial are discussed. 
Apart from antibiotic prophylaxis, other methods are available for preventing wound 
healing complications. A promising technique for preventing wound healing complications 
is negative pressure wound therapy (NPWT). This technique is traditionally used for the 
treatment of complications following surgery or in open fractures.30 However recent reports 
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have shown promising results when using NPWT on closed incisions.30 NPWT is believed 
to be beneficial for wound healing due to several processes; 1) increased blood flow in the 
capillaries due the negative pressure, 2) cell proliferation due to the mechanical stretching 
of cells, 3) immediate drainage of hematoma and edema and 4) improved protection from 
micro-organisms from the outside environment.13,30 In chapter 3 we investigate the use of 
prophylactic NPWT in patients undergoing major foot or ankle surgery. 

Current practice in calcaneal surgery
In Part II we investigate several aspects of calcaneal (fracture) surgery. Patients are most 
often operated under regional anesthesia using spinal anesthesia or regional nerve blocks. 
Regional nerve blocks for calcaneal surgery can be placed on various locations however 
popliteal and ankle blocks are used most frequently. Due to the location of the popliteal 
nerve, a popliteal block needs to be placed under ultrasound guidance by a specialized 
physician (most often anesthesiologist). The sural, tibial, saphenous, superficial peroneal 
and deep peroneal nerve, anesthetized by the ankle block, lie superficial and are therefore 
easily accessible. This allows placement of the block without the use of ultrasound (and 
a specialized physician). It is conceivable that popliteal blocks demand the use of more 
resources and are therefore more expensive. If ankle blocks provide equal anesthetic effects 
cost could be saved. We therefore investigate the effect of the two different blocks on 
postoperative pain scores and morphine use, the results of this study are depicted in chapter 
4. One of the main goals of osteosynthesis of a calcaneal fracture is restoration of the articular 
surface in order to prevent posttraumatic osteoarthritis (OA). However, despite all efforts, 
a substantial proportion of the patients with a calcaneal fracture develop posttraumatic 
OA (the incidence varies depending on severity of the fracture). In some cases patients are 
substantially limited and an arthrodesis may be required to allow pain-free mobilization. 
Although performed regularly, the subtalar arthrodesis is a technically demanding procedure 
and high complications rates have been observed following this procedure.19 It is therefore 
critical to adequately identify patients at risk for developing complications. In chapter 5 we 
perform a retrospective study on all patients undergoing subtalar arthrodesis for a calcaneal 
fracture (both primary as secondary arthrodesis) in a single center, in order to identify patient 
characteristics predictive of postoperative complications. Besides identifying patients at risk 
for postoperative complications it is of importance to be aware of the outcome of surgery. 
In chapter 6 we evaluate the outcome following calcaneal fracture surgery, including the 
largest cohort of primary subtalar arthrodeses published to date.

Controversies in syndesmotic screw removal
The most effective method of preventing surgical complications is not performing surgery 
at all. In Part III the controversy concerning the removal of syndesmotic screws is evaluated. 
Approximately half of the patients with an ankle fracture require surgical fixation.31 After 
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fixation of the fracture the distal tibiofibular joint is tested under fluoroscopy to check for 
a possible syndesmotic injury. In case of syndesmotic instability one or more syndesmotic 
screw(s) are placed in order to fixate the syndesmosis. Adequate reduction of the syndesmosis 
is essential as incorrect fixation may lead to functional impairment.32,33 There is however no 
universal method for the assessment of (adequate) syndesmotic reduction. In chapter 7 we 
therefore systematically review the literature for methods to assess syndesmotic reduction 
in order to propose a (new) gold standard for the assessment of syndesmotic reduction. After 
healing of the syndesmosis, which takes approximately eight weeks, it is unclear whether 
this syndesmotic screws subsequently needs to be removed. Traditionally, routine removal 
is advocated because of suspected impaired range of motion of the ankle due to the fixation 
of the syndesmosis. Furthermore physicians are afraid of breakage of the screws as this 
may hamper removal. However, there are some reports suggesting that routine removal 
may be overtreatment and removal of the syndesmotic screw is only indicated when it 
causes complaints. We therefore systematically review the literature on syndesmotic screw 
removal in chapter 8. The results of this systematic review encouraged us to set up a clinical 
trial to investigate whether routine removal of the syndesmotic screw is indicated or it may 
be retained and only removed in case of screw related complaints. Chapter 9 is the protocol 
for this multicenter randomized controlled trial comparing routine removal and removal on 
demand of the syndesmotic screw. 
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Abstract

Background and purpose — The lower extremity functional scale (LEFS) is a well-known and 
validated instrument for measurement of lower extremity function. The LEFS was developed 
in a group of patients with various musculoskeletal disorders, and no reference data for the 
healthy population are available. Here we provide normative data for the LEFS.

Methods — Healthy visitors and staff at 4 hospitals were requested to participate. A minimum 
of 250 volunteers had to be included at each hospital. Participants were excluded if they had 
undergone lower extremity surgery within 1 year of filling out the questionnaire, or were 
scheduled for lower extremity surgery. Normative values for the LEFS for the population 
as a whole were calculated. Furthermore, the influence of sex, age, type of employment, 
socioeconomic status, and history of lower extremity surgery on the LEFS were investigated.

Results — 1,014 individuals fulfilled the inclusion criteria and were included in the study. The 
median score for the LEFS for the whole population was 77 (out of a maximum of 80). Men 
and women had similar median scores (78 and 76, respectively), and younger individuals 
had better scores. Participants who were unfit for work had worse scores. There were no 
statistically significant correlations between socioeconomic status and type of employment 
on the one hand and LEFS score on the other. A history of lower extremity surgery was 
associated with a lower LEFS score. 

Interpretation — High scores were observed for the LEFS throughout the whole population, 
although they did decrease with age. Men had a slightly higher score than women. There 
was no statistically significant correlation between socioeconomic status and LEFS score, but 
people who were unfit for work had a significantly worse LEFS score.
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1
Introduction

The lower extremity functional scale (LEFS) is a well-known and validated patient-rated 
outcome measure (PROM) that can be used to measure lower extremity function. It was 
developed in 1999 by Binkley et al. in a group of patients with various musculoskeletal 
conditions.1 The score consists of 20 questions, which are subdivided into 4 groups. These 
groups consist of activities with increasing physical demands. Questions on activity vary 
from walking between rooms to running on uneven ground. The LEFS is used for measuring 
lower extremity function in a wide variety of disorders and treatments.2–5 In orthopedic 
(trauma) surgery, patients present with an existing disorder. This makes it impossible to 
assess pre-disease physical function, as questionnaires regarding pre-disorder physical 
functioning are affected by recall bias.6 For this reason, it is challenging for physicians to 
reliably measure the effect of their treatment regarding return to pre-disorder physical 
functioning. Normative data for PROMs can aid in this problem by acting as reference data 
for a healthy population. Normative data are available for a few PROMs.7,8 For the LEFS, 
however, no such data are available.
Therefore, we provide normative data for the lower extremity functional scale. In addition, 
we wanted to investigate the influence of sex, age, type of employment, socioeconomic 
status, and history of lower extremity surgery on the LEFS score.
 
Methods

Adult visitors to the outpatient clinic of the Department of Surgery and also staff at 4 different 
Dutch hospitals were asked to participate in this study. The 4 hospitals were located in 
different regions (both rural and urban) and consisted of 1 university hospital and 3 teaching 
hospitals. Since it was not possible to perform a prospective sample size calculation, we 
chose to include a minimum of 250 individuals at each hospital. We considered this to be 
a large enough population to be representative of the whole population. We constantly 
monitored the age and sex of the respondents in order to obtain comparable group sizes. As 
data collection took several days at each hospital, after each day we checked the numbers 
of men and women and the distribution across different age categories. When differences 
arose, specific sex and/or age groups were approached to participate in the day(s) that 
followed.
The study consisted of a short questionnaire in which the postal code, age (as a continuous 
variable and subdivided into 3 categories (18–39, 40–64, and over 64 years)), sex, and work 
status (student, working, retired, unemployed, unfit for work, or other) of the subjects 
were recorded. When participants were actively employed at the time of filling out the 
questionnaire, they were requested to report whether they considered their employment 
to be blue-, pink-, or white-collar (i.e. very physically demanding, moderately physically 
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demanding or not physically demanding). After this, they were asked whether they had 
a history of lower extremity surgery and—if this was the case—how long ago. In addition, 
they were asked whether they were currently scheduled for lower extremity surgery. Next,  
hey were presented with the Dutch version of the lower extremity functional scale (LEFS).9  
The LEFS has 20 items in 4 categories. For each question, 0 to 4 points can be earned, so 
80 points can be earned in total—indicating maximal lower extremity function.1 The Dutch 
version of the LEFS has been validated using the SF-36 as a reference and proved to have 
good internal consistency, good reliability, and good construct and discriminant validity, 
while showing no floor or ceiling effects.
Individuals were excluded if they had had lower extremity surgery within 1 year of filling 
out the questionnaire. Participants who were scheduled for lower extremity surgery 
were also excluded. Missing data in the LEFS were treated according to the instructions 
of the developers of the questionnaire.10 When questionnaires contained more than 4 
missing answers, or 3 missing within 1 domain, they were excluded.10 We obtained data 
on socioeconomic status (SES) from the Netherlands Institute for Social Research (Sociaal 
Cultureel Planbureau). For all postal codes, a number is available that reflects the SES of that 
particular area. This figure ranges from −6.7 to +3.1, where 0 represents the average SES for 
the Netherlands.

Statistics
Normal distribution was assessed using histograms and plots. Continuous variables are 
presented as mean with standard deviation (SD) or median with interquartile range (IQR), 
as appropriate. Categorical variables are given as frequencies and percentages. Due to the 
non-parametric distribution, LEFS score is presented as median and IQR. The mean and SD 
are also provided, to show the variability of the whole population and to allow comparison 
with other studies. The Mann-Whitney U-test and Kruskal-Wallis test were used to check for 
differences in non-parametric outcome variables. Spearman’s rho was used to investigate 
correlations between the LEFS score and age, and LEFS score and SES. All analyses were 
performed using SPSS version 23). For this study, the need to obtain informed consent was 
waived by the local Medical Ethics Committee.

Results

Demographics
The questionnaire was filled out by 1,155 individuals. Of these, 141 participants had to 
be excluded because they had a history of lower extremity surgery or because they were 
scheduled for lower extremity surgery (n = 62), or because there was too much missing 
data that could not be imputed (n = 79). For 9 questionnaires, there were no more than 4 
questions missing (or 3 within one domain). These missing values were imputed according 
to the method of the developers of the questionnaire.10  (Table 1)
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Table 1. Demographics

LEFS (n = 1014)

Age, median [IQR] (range) 51 [37–64] (18–90)
 Age 18–39 years 291 (29)
 Age 40–64 years 471 (46)
 Age >65 years 252 (25)

Sex
 Female 571 (56)
 Male 443 (44)

Hospital
 University hospital 250 (25)
 Teaching hospital 1 264 (26)
 Teaching hospital 2 248 (25)
 Teaching hospital 3 252 (25)

Daily activities
 Working 580 (57)
 Student 53 (5)
 Homemaker 67 (7)
 Unemployed 23 (2)
 Unfit for work 45 (5)
 Retired 234 (23)
 Other 10 (1)

Type of employment
 Blue collar 128 (22)
 Pink collar 194 (34)
 White collar 257 (44)

Medical history
 Fracture or surgery more than one year ago 131 (13)

 No history 883 (87)

Figure 1. Sex-specific median LEFS-score
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LEFS scores
Median LEFS score for the population was 77 (IQR: 63–80, range: 4.5–80) (Table 2). None of 
the participants scored zero points, and 383 individuals (38%) achieved the maximum score 
of 80 points. The LEFS score showed a statistically significant correlation with age (correlation 
coefficient: −0.357; p < 0.001) (Figure 1), but not with SES (correlation coefficient: 0.017; p 
= 0.6). Men had a statistically significant better score than women. Volunteers who were 
unfit for work had worse LEFS scores than participants with other daily activities (p< 0.001).

Table 2. LEFS scores related to percentiles

5th 10th 25th
Percentile 50th 

(median) 75th 90th 95th Mean (SD)

32 43 63 77 80 80 80 69 (16)

SD: standard deviation

The level of physical demand of employment was not statistically significantly related to 
LEFS score. Individuals with a history of lower extremity surgery generally had a worse LEFS 
score than individuals with no history of lower extremity surgery (p < 0.001) (Table 3).

Table 3. Subgroups

LEFS scores p-value

Sex 76 [62–80] (5–80) 0.03a

 Female 78 [64–80] (11–80)
 Male

Age < 0.001b

 Age 18–39 years 80 [75–80] (19–80)
 Age 40–64 years 77 [64–80] (6–80)
 Age >65 years 66 [52.5–78] 

(4.5–80)
Daily activities < 0.001b

 Working 79 [72–80] (19–80)
 Student 79 [73–80] (37–80)

 Homemaker 63 [46–80] (19–80)
 Unemployed 80 [69–80] (44–80)
 Unfit for work 40 [24–73] (6–80)
 Retired 67 [53–78] (5–80)
 Other 71.5 [49–80] (14–80)

Type of employment 0.8b

 Blue collar 79 [67.5–80] (21–80)
 Pink collar 79 [72.5–80] (20–80)
 White collar 79 [72–80] (19–80)

History < 0.001b

 Lower extremity fracture or surgery more than one year ago 64 [44.5–64] (11–80)
 No history 78 [66–78] (5–80)

LEFS score values are median [IQR] (range), a Mann-Whitney U-test; b Kruskal-Wallis test
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Discussion

In healthcare studies, outcomes are often measured through patient rated outcome 
measures (PROMs). These outcome measures are, however, often determined in patients 
rather than in healthy volunteers.1,11,12  This means that it is unknown what normal scores for 
a healthy individual should be. Earlier research has shown that a healthy population does 
not necessarily score a maximum amount of points on a PROM.8  The latter study showed 
that mean score for the foot function index (FFI) was 10 (out of 100 points, where 0 points 
means no foot disability), and only one-third of the respondents achieved the maximum 
score of 0 points. These figures indicate that it is of importance to be aware of the normative 
data of a PROM. Presenting the results of a study in the light of normative values is far more 
informative than presenting outcome scores alone. Several studies have used the LEFS to 
evaluate treatment effect. For example, a study by Pinsker et al. used the LEFS to compare 
the effecZ This difference is easily explained by the fact that we only included “healthy” 
volunteers while Hoogeboom et al. included patients with hip and/or knee osteoarthritis. In 
addition, since the LEFS was designed for use in individuals with lower extremity conditions, 
the fact that a ceiling effect was found for healthy individuals is notable, but it should not 
limit the validity of the test in the population that it was designed for. As expected, the LEFS 
score showed a negative correlation with age; i.e. lower extremity function decreases with 
increasing age. We observed a gradual decrease in function from the age of 50. This finding 
is of importance for future studies, as the results for a population as a whole should be 
interpreted with care. It would be more appropriate to do a separate analysis of the results 
for different age categories, particularly young patients and elderly patients.
Men had a statistically significantly better LEFS score than women; however, the difference 
was only 2 points. This is not clinically relevant, as the minimum clinically important difference 
in the LEFS ranges between 9 and 12 points.1,17 Furthermore, we found that participants who 
were unfit for work had significantly worse scores. Compared to the working population, 
this difference was of clinical importance (29 points). Lower socioeconomic status has 
repeatedly been correlated to poorer health and lower quality of life.18–20 However, we failed 
to detect any such significant correlation between SES and LEFS score—indicating that the 
influence of SES on the LEFS score in a normal population is very small. This contrasts with 
the results of various other studies in which it was found that lower SES had a negative 
influence on outcome following treatment for proximal and distal radius fractures, humeral 
fractures, and hip fractures.21–25 This suggests that function may be independent of SES in a 
normal population, but in posttraumatic patients SES may negatively influence (treatment) 
outcome. We know no other study relating socioeconomic status to the results of lower 
extremity or foot/ankle questionnaires.
A possible weakness of our study was that our sample was not representative of the 
population as a whole. However, we tried to balance the numbers of females and males. 
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Furthermore, we constantly monitored the distribution of the responses in the different 
age categories. When necessary, we requested that more males than females (or vice versa) 
should fill out the questionnaire, and we did the same for the 3 age categories used. For other 
subpopulations (e.g. SES and heaviness of employment), this was unfortunately not possible 
and may have biased our results. We do feel, however, that with our study population of 
over 1,000 individuals, we were able to make an accurate estimate of normative values 
for the LEFS—especially as we had individuals from different regions and different types of 
hospitals. Using the results of the present study will help researchers to interpret their data 
and physicians to set goals for treatment results.

Conclusion

High scores were observed for the LEFS throughout the whole population, although it did 
decrease with age. Men had a slightly higher score than women. There was no statistically 
correlation between socioeconomic status and LEFS score, but people who were unfit for 
work had significantly poorer LEFS score.
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Abstract

Importance – Following clean (class I, not contaminated) surgical procedures, the rate of 
surgical site infection (SSI) should be less than approximately 2%. However, an infection rate 
of 12.2% has been reported following removal of orthopedic implants used for treatment of 
fractures below the knee.

Objective – To evaluate the effect of a single dose of preoperative antibiotic prophylaxis 
on the incidence of SSIs following removal of orthopedic implants used for treatment of 
fractures below the knee.

Design, setting and participants – Multicenter, double-blind, randomized clinical trial 
including 500 patients aged 18 to 75 years with previous surgical treatment for fractures 
below the knee who were undergoing removal of orthopedic implants from 19 hospitals 
(17 teaching and 2 academic) in the Netherlands (November 2014-September 2016), with 
a follow-up of 6 months (final follow-up, March 28, 2017). Exclusion criteria were an active 
infection or fistula, antibiotic treatment, reimplantation of osteosynthesis material in the 
same session, allergy for cephalosporins, known kidney disease, immunosuppressant use, 
or pregnancy.

Interventions – A single preoperative intravenous dose of 1000 mg of cefazolin (cefazolin 
group, n = 228) or sodium chloride (0.9%; saline group, n = 242).

Main Outcomes and Measures – Primary outcome was SSI within 30 days as measured by 
the criteria from the US Centers for Disease Control and Prevention. Secondary outcome 
measures were functional outcome, health-related quality of life, and patient satisfaction.

Results – Among 477 randomized patients (mean age, 44 years [SD, 15]; women, 274 [57%]; 
median time from orthopedic implant placement, 11 months [interquartile range, 7-16]), 
470 patients completed the study. Sixty-six patients developed an SSI (14.0%): 30 patients 
(13.2%) in the cefazolin group vs 36 in the saline group (14.9%) (absolute risk difference, 
−1.7 [95% CI, −8.0 to 4.6], P = .60).

Conclusions – Among patients undergoing surgery for removal of orthopedic implants 
used for treatment of fractures below the knee, a single preoperative dose of intravenous 
cefazolin compared with saline did not reduce the risk of surgical site infection within 30 
days following implant removal.
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Introduction

Metal implants are often used in open reduction and internal fixation of fractures. With 
the use of antibiotic prophylaxis, the surgical site infection (SSI) rate following fracture 
fixation was reduced from 8.3% to 3.6%, and therefore, antibiotic prophylaxis is routinely 
administered prior to fracture surgery.1 In most patients, removal of implants is not routinely 
indicated following fracture healing. Still, removal of orthopedic implants is one of the 
most frequently performed orthopedic procedures worldwide. For example, 28% to 79% 
of implants are removed following lower leg, ankle, or foot fracture surgery.2–8 SSI rates of 
0% to 20% following removal of orthopedic implants have been reported, but in only 1 of 
these studies SSI was the primary outcome measure.2–7,9,10 In that study, the overall SSI rate 
following removal of orthopedic implants was 11.6%, with the highest incidence in the foot, 
ankle, or lower leg region (12.2%).3 
Because removal of orthopedic implants is considered a clean (without skin contamination 
or local infection) surgical procedure with an expected SSI rate of 2% to 3.3%, preoperative 
administration of antibiotic prophylaxis is not indicated according to the latest guidelines of 
the US Centers for Disease Control and Prevention (CDC).11–14 However, higher SSI rates than 
anticipated (compared with rates following fracture fixation) are reported following removal 
of orthopedic implants.2–7,9,10,15 Due to these high SSI rates, some advocate that antibiotic 
prophylaxis should be administered prior to removal of orthopedic implants.15 Despite the 
large number of implant removal procedures performed worldwide, there is in- sufficient 
evidence on this subject and the potential beneficial effect of antibiotic prophylaxis on SSI 
rates following removal of orthopedic implants.
The aim of this study was to evaluate the effect of a single dose of antibiotic prophylaxis 
on the incidence of SSIs following removal of orthopedic implants used for treatment of 
fractures below the knee, the area with highest rate of infection. The study tested the 
hypothesis that a single dose of prophylactic antibiotics would lower the SSI rate following 
orthopedic implant removal in the lower leg.

Methods

Trial oversight and design
The Wound Infections Following Implant Removal (WIFI) trial was a multicenter, double-
blind, randomized clinical trial in which patients undergoing removal of orthopedic implants 
to treat fractures below the knee were recruited. The trial protocol and statistical analysis 
plan are available in the Appendix in Supplement 1. The study protocol was approved by the 
medical ethics committee at the Academic Medical Center of the University of Amsterdam 
and published.16 After publication of the study protocol, type 1 and 2 diabetes was added 
as a second stratification factor and approved by the medical ethics committee. The study 
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was conducted according to the principles of the Declaration of Helsinki17 and in accordance 
with the Medical Research Involving Human Subjects Act. Independent monitors assessed 
the overall performance of study conduct and other issues. The trial was performed in 17 
teaching hospitals and 2 academic hospitals in the Netherlands.

Patient population
Patients aged 18 to 75 years who were undergoing removal of orthopedic implants following 
treatment of fractures of the foot, ankle, and lower leg were eligible for inclusion. Exclusion 
criteria were an active SSI or fistula, antibiotic treatment at the time of implant removal 
for a concomitant disease or infection, reimplantation of material in the same session, an 
allergy for cephalosporins, a known kidney disease, immunosuppressant use, or pregnancy. 
Patients were screened for eligibility at the outpatient clinic. Inclusion ran from November 
2014 through September 2016, follow-up ran from November 2014 through March 2017, 
and the study was ended after inclusion of 500 patients. Date of final follow-up was March 
28, 2017.

Intervention, randomization and blinding
After obtaining written informed consent, eligible patients were randomly assigned to receive 
either 1000 mg of cefazolin in a bolus of sodium chloride (0.9%) intravenously (cefazolin 
group) or a bolus of sodium chloride (0.9%) intravenously (saline group) preoperatively. 
This bolus, which was identical in appearance, was prepared and administered 15 to 60 
minutes prior to incision in the holding or operation theater by the anesthesiologist or 
nurse anesthetist in the absence of the surgeon. The dose of 1000 mg of cefazolin was in 
accordance with guidelines on antibiotic prophylaxis in orthopedic trauma surgery.13,18

Participants were assigned to the cefazolin group or the saline group in a 1:1 ratio. 
Randomization was performed within each site and randomization sequence was generated 
by a dedicated computer randomization software program (Alea Software, Netherlands 
Cancer Institute), version 2.2. Randomization was stratified by center and presence of 
diabetes mellitus and performed preoperatively by a theater assistant or the anesthesiologist 
using a dedicated, password-protected, Secure Sockets Layer–encrypted website, ensuring 
allocation concealment for the patient and the surgeon. 

Outcomes
Primary outcome was an SSI within 30 days after removal of orthopedic implants as defined 
by the criteria applied by the CDC.12,13 Each SSI was characterized as superficial or deep. A 
superficial SSI involves only skin or subcutaneous tissue of the incision and at least 1 of the 
following: (1) purulent drainage from the incision with or without laboratory confirmation; (2) 
organisms isolated from an aseptically obtained culture of fluid or tissue from the superficial 
incision; (3) at least 1 of the following signs or symptoms of infection: pain or tenderness, 
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localized swelling, redness, or heat; and deliberate opening of superficial incision by surgeon 
unless incision is culture negative; (4) diagnosis with subsequent treatment for superficial 
SSI by a (orthopedic) trauma surgeon.
A deep SSI involves deep tissues and at least 1 of the following: (1) purulent drainage from 
the incision; (2) the incision spontaneously dehisces or is deliberately opened by a surgeon 
when the patient has at least 1 of the following signs or symptoms: temperature higher 
than 38°C or localized pain or tenderness, unless site is culture-negative; (3) an abscess or 
other evidence of infection involving the incision is found on direct examination, during 
reoperation, or by histopathologic or radiologic examination; (4) diagnosis with subsequent 
treatment for deep SSI by a (orthopedic) trauma surgeon.13 
Secondary outcomes were health-related quality of life (measured by the EuroQol 
5-Dimension 3-Level [EQ-5D-3L] questionnaire [index range, 0-1; 1 indicates maximal 
health- related quality of life]),19 functional outcome (assessed with the Lower Extremity 
Functional Scale [LEFS]),20 and patient satisfaction with treatment (measured using a visual 
analog scale [VAS], ranging from 0 [completely not satisfied] to 10 [completely satisfied]). 
Questionnaires were sent electronically preoperatively (EQ-5D-3L and LEFS) and 6 months 
following the procedure (EQ-5D-3L, LEFS, and VAS). If a participant did not have access to 
the internet, questionnaires were sent by regular mail. All participants received at least 1 
re- minder in case a questionnaire was not completed.
Patients were seen routinely by a physician (a nonmember of the surgical team) who was 
blinded to patient treatment group assignment at the outpatient clinic within 4 weeks after the 
surgical procedure. Patients also reported on wound problems in their online questionnaires 
and were contacted by telephone if a problem was reported on the questionnaire by a 
physician. Signs of SSI (warmth, redness, pain, swelling, wound dehiscence, purulent 
drainage, or temperature >38°C) were documented on a case report form. Patients were 
instructed to visit the emergency department or outpatient clinic sooner in case of any signs 
of SSI. In case of SSI, appropriate treatment was started according to local policy.

Data collection
Patient and surgical characteristics were collected. Patient characteristics were sex, age at 
the time of removal of orthopedic implants, location of index fracture, SSI following the 
index fracture, reason of implant removal, body mass index (BMI; calculated as weight in 
kilograms divided by height in meters squared), diabetes, and use of alcohol (heavy alcohol 
use: ≥ units/day21) or drugs or nicotine. Treatment regimens in case of SSI were documented; 
subdivided into 4 categories: local wound care without antibiotics, with oral antibiotics, with 
intravenous antibiotics, or with surgical debridement. The following surgical characteristics 
were documented: time from initial fracture treatment with orthopedic implant placement 
to implant removal, location of removal, complete or partial removal of implants, duration 
of surgery, tourniquet use, and resident or consultant performing surgery. If a wound or 
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perioperative culture was collected, the cultured microorganisms were documented.
Missing data for the LEFS questionnaire was handled according to the instructions of the 
developers of the questionnaire; up to 4 items (≤2 within 1 domain) within 1 questionnaire 
can be imputed by using predefined rules.22 In case of more missing values or nonresponse, 
multiple imputation (10 data sets) using predictive mean matching was used, data were 
subsequently pooled using the Rubin rule.23

Sample Size Calculation and Statistical Analysis
An incidence of 3. 3% of SSI was expected in clean-contaminated, elective orthopedic 
procedures for the cefazolin group.12,14 In recent Dutch retrospective studies at the time 
of study design, the incidence of SSI following removal of orthopedic implants from the foot, 
ankle, or lower leg was 9.2% to 19%.3,9,10 An SSI rate of 10% at the lower end of this range 
was chosen for the saline group to have at least 80% power to detect a clinically relevant 
decrease in SSI rate by two-thirds, from 10% to 3.3%.16

It was calculated that a sample size of 216 patients per study group would provide 80% 
power to detect a 6.7% difference with a 2-group χ2 test at a 2-sided α level of .05. To allow 
for an anticipated dropout of 10% to 15%, a total of 250 patients were included per study 
group.
An interim analysis was performed midway through the study (after inclusion of 216 patients) 
by an independent statistician to estimate the SSI rate in the saline group to reevaluate the 
sample size calculation. Because only an estimation of the SSI rate in the saline group was 
performed and no treatment effect was tested, the overall type I error rate was maintained.
An intention-to-treat analysis was performed according to plan described in the published 
protocol.16 Continuous data are presented as means and standard deviations or medians 
and interquartile ranges (IQRs) where appropriate; categorical data are presented as 
counts and percentages. For continuous data, t tests or Mann-Whitney U tests were used 
and, for categorical data24, χ2 tests or Fisher exact tests were used, where appropriate. A 
95% CI was calculated for the absolute risk differences by using the Wilson score method, 
continuity- corrected in case of low cell counts. In a sensitivity analysis, generalized linear 
mixed modeling was applied to assess the effect of cefazolin on the SSI rate while correcting 
for the stratification factors of diabetes and treatment center. Diabetes was modeled as a 
fixed variable and treatment center as a random variable. SSI rate was assumed to have 
a binomial distribution (logit link). In all analyses, statistical uncertainties were quantified 
using corresponding 2-sided 95% CIs, and a P value of .05 was used as the threshold for 
statistical significance. Patients who underwent randomization in error were excluded from 
analysis (i.e., they did not meet the inclusion criteria or did meet an exclusion criterion). 
Post hoc, exploratory, unadjusted subgroup analyses comparing patients with and with- out 
antibiotics by weight (<60 kg and ≥60 kg13) and by type of removal of orthopedic implants 
(Kirschner wire, screw, syndesmotic screw, plate and screws, and intramedullary nail) were 
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500 pa�ents undergoing removal of 
orthopedic implants below the knee 

provided informed consent 

23 excluded 
 9 did not meet inclusion criteria 
   1 ac�ve infec�on or fistula at surgical site 
   5 an�bio�c treatment for a concomitant 
    disease or infec�on 

  1 removal of orthopedic implants from a  
  different loca�on 

     1 ages <18 or > 75y 
     1 declined surgery 
 6 withdrew informed consent 
 8 not randomized 
   6 failure of randomiza�on by opera�on  theatre 

assistant or anesthesiologist  
   2 malfunc�oning of the randomiza�on  program 
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4 Lost to follow-up 

232 Randomized to receive cefazolin (1000 mg) in a 
bolus of saline (0.9%) 
230 Received interven�on as randomized 
2 Did not receive interven�on as randomized (penicillin 
allergy) 

3 Lost to follow-up 

 

245 Randomized to receive a bolus of saline (0.9%) 
243 Received interven�on as randomized 
2 Did not receive interven�on as randomized 
(erroneously administered cefazolin) 

477 randomized 

242 Included in primary analysis 

     

performed with logistic regression by testing for inter- actions with type of treatment. 
Furthermore, univariable analyses to identify factors associated with SSIs were performed. 
Analyses were performed using WINPEPI, version 3.2,25 and the SPSS (IBM), version 24.0.

Results

Patients
In total, 500 patients were included in 19 Dutch hospitals, of which 2 were university 
hospitals. Two hundred thirty-two patients received antibiotic prophylaxis intravenously 
(cefazolin group) and 245 patients received sodium chloride only (saline group) (Figure 1).26

Eighty-eight patients were treated in an academic center. After randomization 7 patients 
were lost to follow-up. A total of 470 patients were available for analysis (228 in the cefazolin 
group and 242 in the saline group). Baseline characteristics are displayed in Table 1.

Figure 1. Flow of patients through the WIFI Trial
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Table 1. Baseline characteristics of the patients in the WIFI trial

Characteristics Cefazolin group
(n = 228)

Saline group
(n = 242)

Male sex – no/total no. (%) 93/228 (40.8) 109/242 (45.0)
Body-mass index (SD) † 26.5(5.4) 26.8±5.5
Diabetes mellitus – no/total no. (%) 5/228 (2.2) 7/242 (1.7)
Smoking – no/total no. (%) 56/218 (24.6) 62/231 (26.8)
Alcohol use – no/total no. (%) 57/211 (27.0) 65/224 (29.0)
Drug use – no/total no. (%) 6/228 (2.6) 10/242 (4.1)
SSI following ORIF – no/total no. (%) 15/222 (6.8) 12/238 (5.0)
Reason implant removal§ – no/total no. (%)

 Pain
 Implant failure
 Functional problem
 Patients request
 Planned procedure

163/228 (71.5)
7/228 (3.1)

15/228 (6.6)
111/228 (48.9)
30/228 (13.2)

182/242 (75.2)
8/242 (3.3)

12/242 (5.0)
113/242 (46.7)
30/242 (12.4)

Median time to implant removal – months (IQR) 11 (7-16) 11 (7-17)
Location implant removal – no/total no. (%)

 Fore and/or midfoot
 Tarsus
 Ankle
 Lower leg

15/228 (6.6)
30/228 (13.2)

124/228 (54.4)
59/228 (25.9)

12/242 (5.0)
29/242 (12.0)

149/242 (61.6)
52/242 (21.5)

Type of implant removal § – no./total no. (%)
 Intramedullary nail 
 Syndesmotic screw
 Screw only
 Plate and screws 
 Kirschner wireΔ 

28/228 (12.3)
24/228 (10.5)
52/228 (22.8)

132/228 (57.9)
11/228 (4.8)

11/242 (4.4)
29/242 (12.0)
49/242 (20.2)

163/242 (67.4)
13/242 (5.4)

Duration of surgery – min (SD) ∞ 35.2 (18.5) 34.8 (20.2)
Resident performing surgery – no./total no. (%) 167/227 (74.6) 173/242 (71.5)
Tourniquet use – no./total no. (%) 28/225 (12.4) 31/237 (13.1)
Incomplete implant removal – no./total no. (%) 170/228 (74.6) 172/242 (71.1)

† The body-mass index is the weight in kilograms divided by the square of the height in meters. A body-mass index 
of 30 or higher indicates obesity. Data are missing for 20 patients in the cefazolin group and 25 patients in the 
saline group. § more than one option possible ∞The duration of the surgery was from the time of incision to the 
time of wound closure. Data are missing for 7 patients in the cefazolin group and 44 patients in the saline group. 
Δ A Kirschner wire or a K-wire is a thin sharp, stainless steel or titanium pin that is used to hold bone fragments 
together (pin fixation) IQR; interquartile range, N; Number, SD; standard deviation SSI; surgical site infection, ORIF; 
open reduction and internal fixation

Primary outcome
Sixty-six patients (14.0%) developed an SSI (SSI classification: superficial, 58; deep, 8). In the 
cefazolin group, 30 patients (13.2%) developed an SSI vs 36 patients (14.9%) in the saline 
group (P = .60; absolute risk difference, −1.7 [95% CI,−8.0 to 4.6]) (Table 2). Adjustment 
for center and diabetes did not affect the odds ratios (ORs) for the association between 
cefazolin and risk of SSI (unadjusted OR: 0.867 [95% CI, 0.514 to 1.462] for center to 0.854 
[95% CI, 0.505 to 1.445] for diabetes mellitus).
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In 6 of 8 patients (75%) with a deep SSI, surgical debridement was performed; all 8 patients 
were admitted and treated with intravenous antibiotics. Seven of 8 patients with a deep 
SSI were in the saline group (Table 2). In 49 of 58 patients (84.5%) with a superficial SSI, 
oral antibiotics were prescribed at the outpatient clinic or emergency department and 9 
patients (15.5%) were treated conservatively without anti- biotics. Two patients (3.4%) had 
the incision opened locally.

Table 2. Unadjusted results of the primary outcome measurement; a surgical site infection within 28 days 
following implant removal*

Cefazolin group (n=228) Saline group (n=242) Absolute Risk Difference 
(%) (95% CI)

No. of patients with SSI (%) No. of patients with SSI (%)

Surgical Site Infection (%) 30 (13.2) 36 (14.9) -1.7 (-8.0 to 4.6)
Superficial (%) 29 (12.7) 29 (12.0) 0.7 (-5.3 to 6.8)
Deep (%) 1 (0.4) 7 (2.9) -2.5 (-5.7 to 0.4)

* Intention-to-treat analysis, n; Number, CI; confidence interval, SSI; surgical site infection # Primary outcome 
measure

Secondary outcomes
Patients reported a mean health-related quality of life score measured with the EQ-5D-3L of 
0.72 preoperatively and 0.78 postoperatively. The mean health-related quality-of-life score 
did not statistically significantly differ between the 2 study groups postoperatively (0.78 in 
the cefazolin group vs 0.79 in the saline group; absolute difference, −0.02 [95% CI, −0.07 to
0.04]). The mean self-reported quality-of-life score on the VAS of the EQ-5D-3L was 76.2 
preoperatively and 77.9 post- operatively. The mean self-reported quality-of-life score on 
the VAS did not statistically significantly differ between the 2 study groups postoperatively 
(78.5 in the cefazolin group vs 77.4 in the saline group; absolute difference, 1.16 [95% CI,
−3.14 to 5.45]). Patients had a mean LEFS score of 54.2 preoperatively and 62.7 
postoperatively. The mean LEFS did not statistically significantly differ between the 2 study 
groups postoperatively (62.3 in the cefazolin group vs 62.2 in the saline group; absolute 
difference, 0.1 [95% CI, −3.6 to 3.8]). The mean patient satisfaction score with treatment 
on the VAS was 7.7. This did not statistically significantly differ between the 2 study groups 
postoperatively (7.5 in the cefazolin group vs 7.8 in the saline group; absolute difference, 
−0.22 [95% CI, −0.77 to 0.33]).

Post Hoc analyses
A variety of microorganisms were cultured in patients with an SSI. Thirty of 232 patients 
(12.9%) in the cefazolin group were diagnosed with an SSI. In this group, 19 causative 
organisms were found in 19 cultures. Fourteen microorganisms (74%) were sensitive for 
cefazolin and 5 (26%) were not sensitive for cefazolin. Among 2.7% of patients from whom a 
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culture swab was obtained, no growth was detected, and, in 45.5% of patients diagnosed with 
an SSI, no culture swab was collected. In 87.2% of the cases, the identified microorganisms 
( both groups) were sensitive to cefazolin. The tests for interaction for exploratory subgroup 
analyses revealed that neither weight (i.e., <60 kg or ≥60 kg) (P = .14)
nor the type of removal of orthopedic implants (P = .63) moderated the effect of treatment 
with cefazolin or saline on the incidence of SSIs. The absolute risk difference in SSI rate 
between alcohol users and non–alcohol users equaled 7.5% (95% CI, 0.2% to 16.1%)
in favor of the latter.

Discussion

In this multicenter, double-blind, randomized clinical trial involving patients who were 
undergoing surgery for removal of orthopedic implants used for treatment of fractures 
below the knee, a single preoperative dose of intravenous cefazolin compared with no 
administration of antibiotic prophylaxis did not reduce the risk of a SSI within 30 days after 
the surgical procedure.
A high rate of SSI was observed; higher than in most available retrospective series.2-7,9,10,15 
SSI rates are often higher in prospective studies, because adequate reporting of SSIs after 
hospital discharge has proven to be difficult and underreporting is common.27 However, the 
incidence of 14.0% was still higher than expected. In contrast to the hypothesis, antibiotic 
prophylaxis did not lower the SSI rate and it exceeds rates reported following open reduction 
and internal fixation.1

The high rate of SSIs following removal of orthopedic implants could be a result of a low 
threshold for start of antibiotic treatment upon the slightest suspicion of a SSI (eg, wound 
dehiscence without infection), which might have caused overtreatment. We used the 
CDC criteria as the primary end point criterion; these state that a wound is classified as 
infected whenever antibiotic treatment has been started. As a result, patients with a wound 
dehiscence or wound edge necrosis who started antibiotic treatment were registered as 
patients with an SSI. The relatively high number of patients with an SSI without collection of 
a wound culture swab supports this hypothesis. 
Cefazolin was used in this study—a first-generation cephalosporin, which is a broad 
spectrum antibiotic with good and rapid bone, soft tissue, and muscle concentrations.28 
Cephalosporins have proven to be effective as antibiotic prophylaxis in orthopedic trauma 
surgery.1 It is widely used, as confirmed by a recent survey among US orthopedic surgeons 
in which 96% of the respondents reported to use cefazolin as the standard antibiotic 
prophylaxis.29,30 Several microorganisms, which were cultured in patients with SSI, were 
not sensitive for cefazolin (12.8%). However, the majority was sensitive (87.2%); therefore, 
cefazolin appears to be an adequate option for antibiotic prophylaxis. 
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Timing of administration of antibiotic prophylaxis has shown to be of importance. Antibiotics 
should be administered within 1 hour prior to incision.31,32 The allocated intervention was 
administered within this timespan as randomization was performed in the operating room 
holding or in the operation theater. Additionally, some advocate repeated doses of antibiotic 
prophylaxis.29 A Cochrane review30 has shown that a single dose of antibiotic prophylaxis is 
sufficient and multiple doses do not lower the SSI rate in surgical
fixation of long bone fractures. The guideline of the American Academy of Orthopaedic 
Surgeons therefore only advises redosing if procedure time exceeds 1 to 2 times the half-life 
of the antibiotic (1.5 to 2.0 hours for cefazolin).28 Removal of orthopedic implants lasted a 
mean 36 minutes (maximum, 109 minutes). As a result, not repeating prophylaxis would
not have influenced the results. Even though the correct type of antibiotic was administered 
in the correct dose at the right time without need for redosing, a high SSI rate was still
observed following removal of orthopedic implants.
There were numerically more deep SSIs in the saline group than in the cefazolin group (1 
patient [0.9%] in the cefazolin group vs 7 patients [2.9%] in the saline group), although this
difference was not statistically different. These results, however, need to be interpreted with 
care. First, it was a data-driven analysis on a secondary outcome measure. Second, the
study was not powered for detecting a difference in deep SSIs mandating careful 
interpretation.
Several causes for the failure of the primary outcome in the design of a randomized clinical 
trial are identified: underpowering, inadequate primary outcome, inappropriate population, 
inappropriate treatment regimen, and deficiencies in trial conduct.33 An adequate sample 
size calculation was performed based on extensive evaluation of available literature with 
conservative estimation of treatment effect, with an appropriate and unambiguous primary 
outcome measure and including the appropriate population and trial regimen.
Postoperative health-related quality of life measured through the EQ-5D-3L questionnaire 
did not statistically significantly differ between the 2 study groups. It was, however, lower 
compared with reference data.34 This was also the case for the self-rated health status 
incorporated in the EQ-5D-3L questionnaire.34 Functional outcome did not differ statistically 
significantly between the 2 study groups. Functional outcome was considerably lower 
compared with normative data provided for the LEFS questionnaire. However, when 
comparing functional outcome in this cohort with patients with a history of a lower extremity 
fracture in this study, functionality was comparable.35 Overall, patients were satisfied with 
treatment, as reflected by the mean score of 7.7 on the treatment satisfaction (VAS) scale. 
This did not statistically significantly differ between the 2 study groups.
In addition to the negative effects of an SSI for the patient, SSIs incur a financial penalty to 
the health care system. In the current era of increasing burden of health care–related costs 
on governmental spending, prevention of SSI is of importance as a superficial SSI may cost 
up to $1700 per case and a deep SSI may cost up to $21 200 per case.36
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Awareness that removal of orthopedic implants is not a straightforward procedure is 
needed. The procedure is accompanied by a high rate of SSIs. Patients should be adequately 
counseled on the risks of SSI following removal of orthopedic implants.

Limitations
This study has several limitations. First, a dose of 1000 mg of cefazolin was administered, 
which was standard dosage at the time of development of the trial (and is still the standard 
dosage for surgery lasting <60 minutes).18 In recently published studies, some advocate 
administration of 2000 mg cefazolin if a patient weighs more than 60 kg13 or 85 kg.28

However, this practice is solely based on expert opinion and pharmacokinetic data and there 
is no high-quality evidence for this practice.13 A post hoc, exploratory, subgroup analysis 
including patients weighing less than 60 kg and 60 kg or more was performed. In these 
subgroup analyses, no statistical differences between the 2 subgroups in the rate of SSI were 
found, although a potential benefit associated with antibiotic prophylaxis was observed in 
patients with a body weight less than 60 kg. This analysis was, however, a data- driven, post 
hoc, underpowered analysis. Research on whether the biological availability of antibiotics (in 
this con- centration) in the lower extremity is adequate enough to pre- vent development of 
an SSI is therefore warranted. In addition, antibiotic susceptibility may be reduced thousand-
fold when a biofilm is present.31 This is especially important in case of incomplete removal 
of orthopedic implants. Second, a potential beneficial effect on preventing deep SSIs was 
observed. However, the study was not powered for analysis on this secondary outcome 
measure, hampering the interpretation of this finding. Third, the number of eligible patients 
in the participating centers is not available; as a result, selection bias might be present. 
Nevertheless a randomized clinical trial using blinded outcome assessment analyzed with 
appropriate statistical methods was performed ensuring the quality of the presented data.

Conclusions

Among patients undergoing surgery for removal of orthopedic implants used for treatment 
of fractures below the knee, a single preoperative dose of intravenous cefazolin compared 
with saline did not reduce the risk of surgical site infection within 30 days following implant 
removal.
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Abstract

Purpose – Infectious complications following lower extremity fracture surgery are a major 
concern and account for a substantial socio-economic burden to society. The aim of this 
study was to investigate the effect of prophylactic negative pressure wound therapy (NPWT) 
on the incidence of surgical site infections.

Methods – Patients undergoing major foot ankle fracture surgery at a single level 1 trauma 
center were eligible for this prospective case series. Patients characteristics were collected, 
as were fracture and surgical characteristics. Primary outcome was surgical site infection 
within 30 days as classified by the criteria from the Centers for Disease Control and 
Prevention. Patients in the prospective cohort were case-matched with a historical cohort 
from the same institution.

Results – Sixty patients were included. In seven patients, the NPWT failed and treatment 
was ceased. Mean age was 44 years and 85% was ASA 1, 43% of the patients were actively 
smoking. Indications for surgery were midfoot, calcaneal, talar and ankle fractures. In 
53 patients, four (7.5%) surgical site infections occurred, two superficial (3.3%) and two 
(3.3%) deep infections. For 47 patients, a match was available. The incidence of surgical 
site infection did not statistically significantly differ between the prospective cohort and 
retrospective matched cohort (4.3% versus 14.9% p= 0.29 respectively). This was also the 
case when looking at superficial and deep surgical site infections separately (0% versus 8.5% 
p= 0.08 & 4.3% versus 6.4% respectively). 

Conclusion  – We have observed surgical site infections in 7.5% of the patients with the use 
of prophylactic negative pressure wound therapy. The incidence of surgical site infections 
was not statistically significantly lower compared to a matched historical cohort.
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Introduction

Infectious complications following orthopedic (trauma) lower extremity surgery are a major 
concern. In a prospective study, an incidence of almost 19% surgical site infections (SSI) 
following high risk lower extremity fracture surgery was observed.1 These SSI’s are a major 
burden to the patient and are responsible for a significant increase in (hospital related) 
costs. Patients who sustain a SSI have prolonged recovery times and are likely to have poorer 
outcome compared to patients with an uncomplicated recovery 2, which has been noted 
in patients following calcaneal and ankle fractures.3,4 In addition, reducing SSI’s is not only 
important because of the negative effect on outcome, but also because of economic costs.5 
A superficial surgical site infection costs an additional $1,000 extra per patient and a deep 
infection may cost up to $20,000 per case.6–8 These costs are purely hospital related, the 
financial burden to society is likely to be even higher, for example due to loss of productivity.
The first report of the use of negative pressure wound therapy (NPWT) in orthopedic 
surgery dates back to 2006.9 The rationale is not yet fully understood but it is believed that 
negative pressure wound therapy works by: (1) increased blood flow through the capillary 
vessels due to the negative pressure, (2) mechanical stretching of cells leading to cell 
growth and expansion, 3) compression and reduction of dead space and (4) reduction of 
edema and hematoma.1,10 Until recently NPWT was mostly used as a therapy for wound 
complications (e.g. delayed healing and wound infections) following surgery. Lately, the use 
of prophylactic NPWT on closed incisions has gained attention. In a randomized controlled 
trial with prophylactic NPWT in lower leg fractures by Stannard et al. a reduction of almost 
50% (18.9 versus 9.9 p= 0.049) in SSI’s was achieved. Furthermore a lower incidence of 
wound dehiscence was also noted.1 These positive results suggest that NPWT may become 
an adjunct in the attempts to reduce the amount of SSI’s in orthopedic trauma surgery. 
However, as only one prospective study on prophylactic negative pressure wound therapy 
in patients undergoing major lower extremity fracture surgery is available, evidence on its 
beneficial effect is limited and it is uncertain whether the extra expenses of the NPWT device 
are justified.11 Additionally, lately portable, single use devices have been developed which 
allow early discharge without the need for specialized home care. It is however unknown 
whether the good results observed with regular NPWT devices are equaled by these newly 
developed devices
The aim of this study was to investigate the feasibility of a new portable single use negative 
pressure wound therapy device in patients undergoing major foot ankle surgery. Secondary 
aim was to compare the incidence of SSI in patients treated with prophylactic NPWT to the 
incidence in a matched cohort of patients treated with regular dressings. 
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Methods

This study was a pilot study to investigate the feasibility of using a new, portable, negative 
pressure wound therapy device in patients undergoing lower extremity fracture surgery. 
To allow comparison, the prospective cohort was compared to a historical cohort from the 
same institution. Patients in this historic cohort had not received prophylactic NPWT. The 
study was approved by the local Medical Ethical Committee (Academic Medical Center, 
Amsterdam) and was registered in clinicaltrials.gov registry (NCT02739191). Reporting of 
the study is in accordance with the Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines.12 The study was performed in a single academic center. 
Surgeries were performed by experienced, foot/ankle specialized surgeons.
All adult patients scheduled for an orthopedic (trauma) procedure of the foot and/or ankle 
with an incision length of at least 3 centimeters were considered eligible. Exclusion criteria 
were: 1) open fractures or active infections 2) antibiotic treatment at the time of the operation 
for a concomitant disease or infection, 3) patients with immune deficiencies, 4) incision 
location not suitable for negative pressure wound therapy device 5) inability to adhere to 
therapy or 6) incomprehensive understanding of the Dutch language. We hypothesized that 
a sample of 50 patients would be enough to reliably estimate the incidence of SSI following 
the use of prophylactic NPWT. With a combined loss to follow-up and failure of therapy rate 
of 20% a total of 60 patients need to be included.
The negative pressure wound therapy device used in this study was the PICO® single use 
NPWT system (Smith & Nephew, London, UK). The PICO is a handheld NPWT device without 
a canister, which maintains a vacuum at +/-80 mmHg. Blood and exudate is absorbed in a 
non-transparent dressing and partly evaporates through the semi-permeable outer layer. 
The device comes in a package with two dressings and one (battery powered) pump that 
works for a predetermined duration of seven days. 

Treatment of subjects
Patients were requested to participate in the study prior to surgery and were included 
after obtaining written informed consent. The NPWT device was applied to the wound 
directly following surgery at the operation room under sterile conditions. Renasys® (Smith & 
Nephew, London, UK) adhesive gel patches were applied around the surgical incision as this 
is of additive value in maintaining vacuum by the NPWT device. Postoperatively, dressings 
were changed in case of; 1) a saturated dressing, 2) a persistent air leak or 3) anticipated 
saturated dressing upon discharge. The NPWT device was active for seven days, after which 
patients were instructed to remove the dressing and put a regular surgical dressing on 
the wound. Treatment was considered a failure when: 1) treatment duration was shorter 
than three days or 2) more than three bandages were required to manage wound exudate. 
Patients were routinely assessed at the outpatient clinic at 2 – 4 weeks following discharge. 
All SSI’s occurring during the study period were noted.
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Study parameters
The demographics collected consisted of; age, gender, length and weight, American Society 
of Anesthesiologists (ASA)-classification, substance abuse (smoking) and diabetes mellitus. 
Fracture characteristic were the type of fracture prior to osteosynthesis and in case of a 
secondary procedure whether a SSI had occurred before. Surgical information comprised: 
types of surgery (i.e. osteosynthesis or arthrodesis), type of incision, duration of surgery, 
duration of NPWT and number of bandages used. Device failure was described as one of 
the following: excessive leakage demanding more than 3 dressing changes, failure of device 
(inability to remain vacuum) or withdrawn informed consent for reasons related to the 
device (e.g. device making too much noise).
Primary Outcome measure of the study was a SSI as classified by the criteria from the 
Centers for Disease Control and Prevention (CDC-criteria).13 Surgical site infections were 
further subdivided in superficial and deep wound infections. Superficial wound infections 
were classified as infections treated with oral antibiotics and/or local wound therapy (e.g. 
debridement at the outpatient clinic). Deep wound infections were described as infections 
for which intravenous antibiotics and/or a surgical intervention was required. Furthermore, 
cases with wound dehiscence were noted, which were described as delayed closure 
of the surgical site without presence of an infection. Patient satisfaction with the NPWT 
device was measured through a visual analog scale (VAS), zero points represents complete 
dissatisfaction with the device and ten points represents maximum satisfaction with NPWT 
device.

Matching
To allow comparison, patients who received negative pressure wound therapy were case 
matched to patients who did not receive negative pressure wound therapy but were treated 
with conventional surgical dressings. The database with patients available for matching was 
compiled by performing a retrospective analysis of patients undergoing lower extremity 
fracture surgery in our center between the first of January 2000 and March 2016. Patients 
were identified using ICD-9 codes. Characteristics of the patients in the matching database 
are available in the appendix. Patients who had received NPWT were matched in a 1:1 ratio 
to patients who had not received NPWT. Matching criteria were; type of incision (identical), 
gender (identical), age (± 10 years), smoking (identical), diabetes (identical) and (in case 
of secondary procedure) whether they had experienced a SSI following earlier surgery 
(identical). Matching was performed using R-studio v 3.3.3 (R foundation for statistical 
computing, Vienna, Austria.

Statistical analysis
Categorical variables are displayed as counts and frequencies, continuous variables as 
means and standard deviations or medians and interquartile ranges where appropriate. 
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Included
n = 60

Eligible
n = 88

Available for 
analysis
n = 53

Not included n = 28

Inability to fit NPWT device   n = 6
Ac�ve infec�on or open fracture n = 5
Immunedefiencies                   n = 4
Insufficient comprehension n = 1
of Dutch language 
Mental-illness                          n = 5
Missed inclusion n = 6
Declined to par�cipate n = 1

Excluded n = 7

Inability to remaing vacuum n = 4
Excessive leakage n = 2
Withdrawn informed consent               n = 1

Normality was assessed using histograms and plots. McNemars test for related samples was 
used to compare categorical data, t-test for related samples or Wilcoxon signed rank test 
for continuous data where appropriate as matched data requires paired testing.14 A p-value 
<0.05 was considered statistically significant. Statistical analysis was performed using SPSS 
v 23.0 (IBM, Chicago, Ill). A post-hoc power analysis was performed using nQuery Advisor  
v 7.0 (nQuery, Boston, Ma). 

Figure 1. Flow diagram of the study

Results

The study was performed between April 2016 and February 2017. In total, 88 patients 
met the inclusion criteria. Twenty-eight patients were excluded due to; incision location 
not suitable for negative pressure wound therapy device (n= 6), active infection or open 
fracture (n= 5), immune deficiencies (n= 4), insufficient comprehension of Dutch language 
(n= 1), inability to adhere to treatment (i.e. mental-illness) (n= 5), missed inclusion (n= 6) or 
declined participation (n= 1) (Figure 1). 
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Table 1. Excluded patients

Patient Gender & Age ASA Type of surgery Earlier 
infection

Reason 
cessation 
therapy

Duration of 
therapy 
(days)

Wound 
complication

1 Female 56 
year

1 Primary Subtalar 
Arthrodesis 
through STA

N/A Inability to 
remain vacuum

2 None

2 Male 46 year 1 Talar fracture 
through medial 
talar approach

N/A Inability to 
remain vacuum

2 None

3 Female 23 
year

1 ORIF Lis-Franc 
through dorsal 
foot approach

N/A Inability to 
remain vacuum

2 None

4 Female 42 
year

1 Secondary 
Subtalar 
Arthrodesis 
through ELA

Yes Excessive 
leakage 
requiring > 3 
dressings

1 Deep wound 
infection for 
which a 
re-operation 
was required

5 Male 50 year 1 Secondary 
Subtalar 
Arthrodesis 
through STA

No Excessive 
leakage 
requiring > 3 
dressings

2 None

6 Female 70 
year

2 Secondary 
Subtalar 
Arthrodesis 
through STA

No Inability to 
remain vacuum

2 None

7 Male 50 year 1 ORIF calcaneal 
fracture through 
STA

N/A I.C. withdrawn 1 None

ASA: American Society of Anesthesiologists’ Score NA: not applicable STA: sinus tarsi approach ELA: extended 
lateral approach ORIF: open reduction internal fixation

In total, 60 patients gave informed consent and were included in the study. Therapy was 
not completed in seven patients due to excessive leakage (n=2), inability to maintain a 
vacuum (n=4) and withdrawn informed consent (n= 1). These patients were excluded from 
the analysis (Table 1). 
Median duration of therapy in the remaining 53 patients was 7 days (IQR: 7 – 7, range: 3 – 7) 
and 43 (81%) patients had undergone seven days of therapy. Demographics of the study-
population and fracture and treatment characteristics are available in respectively Table 2 
and 3. More than 82% of the patients scored therapy with NPWT device with an eight or 
higher. 
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Table 2. Demographics

Patients
(n= 53)

Matched cohort
(n= 47)

Gender
 Male
 Female

39 (74)
14 (26)

36 (77)
11 (23)

Age (mean) [sd] 43.9 [15.6] 42.2 [14.6]
BMI (median) 
[IQR, range]

24.4 
[I22.2 – 26.6, 18.7 – 35.5]

24.7 
[22.4 – 28.1, 16.6 – 42]

ASA (%)
 1
 2
 3

45 (85)
6 (11)
2 (4)

31 (66)
13 (28)

3 (6)

Diabetes
 Yes
 No

0 (0)
53 (100)

0 (0)
47 (100)

Smoking habits
 Smoking
 Non-smoking

23 (43)
30 (57)

21 (45)
26 (55)

Prior infection*
 Yes
 No

 Not Applicable

1 (11)
8 (89)

44

0 (0)
5 (100)

42

*: only patients with secondary arthrodesis ASA: American Society of Anesthesiologists’ Score sd: standard 
deviation IQR interquartile range

Surgical site infections
A total of four (7.5%) patients had postoperative wound infections, two superficial and two 
deep. One superficial wound infection occurred in a 51-year old smoking female patient 
who underwent a secondary subtalar arthrodesis through sinus tarsi approach (STA) who 
had sustained a deep SSI following open reduction internal fixation (ORIF) for a calcaneal 
fracture three years earlier. She was treated with oral antibiotics and recovered fully (patient 
1). The other superficial wound infection occurred in a 75-year old female with an ankle 
fracture who was treated with oral antibiotics as well, she also recovered fully (patient 2). 
One deep infection occurred in a 54-year old female who underwent primary arthrodesis 
for a talar fracture through STA. She was treated with intravenous antibiotics and surgical 
debridement. After the reoperation, she recovered uneventfully (patient 3). The other deep 
wound infection occurred in a 46-year old male who presented with local redness at the 
emergency department three weeks after ORIF of a calcaneal fracture through STA. He was 
treated with intravenous antibiotics for two weeks and four weeks with oral antibiotics, 
no surgical debridement was required. He also recovered fully (patient 4). Apart from this, 
three cases of minor wound dehiscence without presence of an infection were noted.
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Table 3. Treatment characteristics

Patients (n= 53)

Type of fracture
 Ankle (%)
 Talus (%)
 Calcaneus (%)
 Mid-foot (%)

5 (9)
4 (8)

37 (70)
7 (13)

Time to surgery (days) median [ IQR, range] ^ 12.0 [10.0 – 16.0, 0 – 25]

Type of surgery
 ORIF (%)
 Arthrodesis (%)*

42 (79)
11 (21)

Incision
 Lateral fibula approach (%)
 Medial Talus approach (%)
 Extended lateral approach (%)
 Sinus Tarsi approach (%)
 Dorsal foot approach (%)

5 (9)
3 (6)
4 (8)

34 (64)
7 (13)

Duration of surgery (min) median [IQR, range] 89 [69 – 106, 35 – 212]

Duration of NPWT (days) median [IQR, range] 7 [7 – 7, 3 – 7]

Number of bandages used (%)
 1
 2
 3

14 (26)
36 (68)

3 (6)

^: Only ORIF or primary arthrodesis *: exclusively subtalar arthrodesis IQR: interquartile range ORIF: open reduction 
internal fixation NPWT: negative pressure wound therapy

Matching
A total of 343 patients were available in the matching database. Details of these patients are 
available in the appendix. After matching, 47 pairs remained to be evaluated. Demographics 
for the matched patients are available in Table 2. For three patients with a secondary 
arthrodesis through a sinus tarsi approach (STA) no match was found. These three cases 
had no postoperative wound complications. For one patient undergoing open reduction 
internal fixation (ORIF) through STA no match was found; this patient had no complications 
on follow up either. For one patient with a secondary arthrodesis through the extended 
lateral approach (ELA) no match was found. This patient was patient 1 (described earlier), 
who sustained a superficial wound infection. The last patient for whom no match was found 
was patient 2, who also sustained a superficial wound infection.

In the 47 matched patients from the historical cohort, seven SSI’s had occurred; four 
superficial and three deep. The difference in SSI rate between the two groups was not 
statistically significant (4.3% versus 14.9% p= 0.29, prophylactic NPWT versus conventional 
surgical dressings respectively). When looking at superficial and deep SSI’s, no statistically 
significant difference was noted either (superficial: 0% versus 8.5% p= 0.08 and deep: 4.3% 
versus 6.4% p= 0.99, NPWT versus conventional respectively) (Table 4).
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Post-hoc power analysis
A post-hoc power analysis showed that with a significance level of 0.05 and with 80% power, 
236 patients are needed to demonstrate a significant decrease in the incidence of SSI from 
14.9% to 4.3%.

Discussion

In this case series, the single use NPWT device failed and therapy was ceased in seven out of 
60 patients. We observed an incidence of 7.5% SSI following major lower extremity fracture 
surgery using prophylactic negative pressure wound therapy. After matching no statistically 
significant difference in total number of SSI, nor in superficial SSI and deep SSI was found 
between prophylactic NPWT and conventional dressings. 
Surgical site infections present a major health care problem and attempts are made to lower 
the incidence of infectious complications. Examples are; antibiotic prophylaxis15, repeated 
administration of prophylaxis16, less invasive surgical approaches17 and prophylactic NPWT. 
A beneficial effect of prophylactic NPWT over conventional dressings was observed in both 
a meta-analysis of randomized controlled trials and in a meta-analysis of observational 
studies.18 One randomized controlled trial in lower extremity orthopedic trauma surgery 
showed a significant reduction in the number of SSI from 18.9 to 9.9 % in 249 patients with 
closed lower extremity fractures.1 We show similar results with an incidence of SSI of 7.5%. 
However, despite a reduction of 7.4% (7.5% versus 14.9%, total SSI incidence in case series 
versus SSI incidence in matching cohort) to 10.6% (4.3% versus 14.9%, reduction based on 
matched cohort) this difference was not statistically significant. This was also confirmed 
by the post-hoc power analysis that shows that bigger numbers are needed to achieve a 
significant difference. 
A potential advantage of NPWT is that it requires less changing of dressings compared to 
regular bandages. Fifty patients in the present study required none or only one change of 
dressing. This is, according to some, beneficial in the prevention of SSI’s as each change of 
dressings is a potential moment of contamination of the wound. Furthermore, patients were 
satisfied with the device as they did not have to take care of the surgical wound; they only 

Table 4. Matched cohort

Cohort (n= 53) Matched cohort p-value
Intervention

(n= 47)
Control
(n= 47)

Surgical Site Infection (%) 4 (7.5) 2 (4.3) 7 (14.9) 0.29a

Superficial (%) 2 (3.8) 0 (0) 4 (8.5) 0.08a

Deep (%) 2 (3.8) 2 (4.3) 3 (6.4) 0.99a

A: McNemars test for related data
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had to change dressings after one week. In most cases, the wound was dry after one week 
and dressings were only applied according to the preference of the patient. Furthermore, 
patients are discharged with the NPWT dressing in situ and do not require specialized home 
care, which saves costs.
The costs of negative pressure wound therapy have been estimated to be approximately 
$500 per patient.19 As this does not seem to be a huge expense compared to the costs of a 
SSI, the evidence for the use of NPWT device need to justify the extra expenses. A recently 
published paper by Crist et al. showed no beneficial effect of NPWT over regular surgical 
dressings. Actually, an increase in the incidence of deep SSI’s was observed in patients 
treated with prophylactic NPWT, this was however not statistically significant.19 This finding 
underlines the need for thorough additional research on this subject.
An important limitation of this study is that we were unable to find an appropriate match 
for two patients with a superficial SSI. The first patient (51-year old, actively smoking 
female who had already experienced a deep SSI following ORIF for a calcaneal fracture) 
underwent surgery for a secondary arthrodesis through the ELA. From earlier research 
we know that patients who have experienced a SSI prior to a secondary procedure are at 
risk for developing a wound complication.20 For this reason patients were matched on this 
criterion when undergoing secondary procedures. However, as secondary arthrodeses are 
not performed regularly we were not able to identify a match for this patient and therefore 
had to eliminate her from the analysis. For the second patient, (75-year old female, non-
smoking) with an ankle fracture no match was available either. These types of fractures are 
generally not treated in our tertiary referral university hospital. As a result, the number of 
patients available for matching was low. The fact that these two patients were not included 
in the matching analysis should be noticed and the results should be interpreted with 
care. Furthermore, although matching for several factors, which are recognized for being 
influential on the development of wound complications, it cannot be ruled out that residual 
confounding exist through factors not matched for. Moreover, we did not compare wound 
dehiscence amongst the two groups. We observed three cases of wound dehiscence in our 
case series. However, as we collected data on the matching database retrospectively we felt 
we could not reliably identify all cases of wound dehiscence in this group. For this reason, 
we chose not to compare the incidence of wound dehiscence between the two groups. It 
is well recognized that the incidence of complications is lower in retrospective studies due 
to insufficient documentation of complications. Therefore, possible wound complications in 
patients in the matching database may not have been identified, and the incidence in the 
control may be higher.
We present the second prospective study on the effect of negative pressure wound therapy 
in patients undergoing lower extremity surgery and it is the first study using a single use 
portable device. Despite a reduction of > 10% compared to a historical matching cohort 
no significant difference was observed. The results of the present study can be used as a 
benchmark for the development of a future prospective randomized study on NPWT.
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Conclusions

Failure of negative wound pressure therapy was observed in 12% of patients. We observed 
surgical site infections in 7.5% of the patients with the use of prophylactic negative pressure 
wound therapy. The incidence of surgical site infections was not statistically significantly 
lower compared to a matched historical cohort who did not receive negative pressure 
wound therapy. However, the results are promising and a larger study with adequate power 
could provide more insight in the possible beneficial effect of prophylactic negative pressure 
wound therapy. 
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Abstract 

Background – The aim of this study was to compare the postoperative pain levels in patients 
undergoing osteosynthesis of the calcaneus with either a popliteal nerve block or an ankle 
block.

Methods – A retrospective analysis of all consecutive patients undergoing operative fixation 
of a calcaneal fracture via a sinus tarsi approach between August 2012 and April 2017 in 
a single foot/ankle specialized center was performed. Single- shot popliteal blocks were 
placed using ultrasound guidance by an anesthesiologist while ankle blocks were placed 
by a foot/ankle specialized surgeon. Pain levels were measured through the numerical 
rating scale (NRS). In total, 83 patients were included in this study; 33 received a popliteal 
block, and 50 received an ankle block. No statistically significant differences were present in 
baseline characteristics between the 2 groups.

Results – Comparable postoperative pain levels were observed in both groups. There was no 
statistically significant difference in amount of morphine used between the 2 groups.

Conclusion – No differences were found in postoperative pain levels between patients 
receiving a single-shot popliteal block and patients who received a single-shot ankle block 
following calcaneal fracture surgery.
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Introduction

The operative treatment of calcaneal fractures can result in significant postoperative pain.1 

This is reflected in a recent study regarding orthopedic trauma surgery, in which over 20% 
of the patient- initiated telephone calls after discharge concerned postoperative pain.2 

Multiple options are available in managing postoperative pain after foot and ankle surgery. 
A nerve block is part of a multimodal approach in the treatment of pain. As the affected area 
is innervated by the sciatic nerve, a nerve block can be performed at different levels: upper 
sciatic, popliteal region block, ankle block, or simply local infiltration of the wound. Popliteal 
or ankle blocks are used most frequently in foot and ankle surgery.
Disadvantages of a popliteal nerve block are the duration of the procedure and the additional 
costs associated with placement and follow-up.3–5 Therefore, if an ankle block provides 
comparable analgesia, a reduction in resource use and costs may be achieved. However, 
to this date, we were unable to find any studies comparing a peripheral (popliteal) nerve 
block with an ankle block in calcaneal fracture surgery. Thus, the primary aim of the study 
was to compare the postoperative pain levels in patients undergoing osteosynthesis of the 
calcaneus via sinus tarsi approach (STA) using a popliteal block or an ankle block. A secondary 
aim was to compare duration of hospital stay between the above groups.

Methods

All consecutive adult patients between August 2012 and April 2017 who were operated 
upon due to an isolated calcaneal fracture via a sinus tarsi approach (STA) at a single 
academic level 1 trauma center were retrospectively analyzed. Exclusion criteria were 
bilateral fractures, use of a block other than popliteal or ankle block, patients sustaining 
multiple injuries, continuous nerve blocks, and missing postoperative pain data at more 
than 2 sample points. We retrospectively reviewed electronic patient hospital charts. The 
following characteristics were obtained: sex, age at time of procedure, American Society of 
Anesthesiologists (ASA) score, fracture side, Sanders classification, (non)smoker, and use 
of tourniquet. The following characteristics were collected regarding postoperative pain 
management: location of the block (i.e., popliteal or ankle), block placed by surgeon or 
anesthesiologist, and type of postoperative analgesia (i.e., patient-controlled analgesia 
[PCA] or oral [oxycodone]). Furthermore, the cumulative amount of morphine used by 
patients during admission was recorded (starting on the day following surgery). For our 
analysis of the cumulative amount of morphine used, we calculated the equipotent dose of 
morphine for all opioids used by using a formula described by others.6 The popliteal nerve 
block was placed by the anesthesiologist preoperatively using ultrasound guidance, at the 
popliteal fossa. An ankle block was performed intraoperatively by the surgeon in the event 
that a popliteal nerve block was not placed by the anesthesiologist. Patient and treatment 
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characteristics are displayed in Table 1. A total of 150 patients were eligible. Sixty-seven 
patients were excluded due to bilateral fracture (n = 5), block different from standard (n 
= 9), multiple-injury patients (n = 3), continuous block instead of single shot (n = 28), and 
missing numeric rating scale (NRS) scores on more than 2 time points (n = 22). A total of 
83 patients were included for analysis. Of these patients, 33 received a popliteal block by 
the anesthesiologist, and 50 received an ankle block by the trauma surgeon. Intergroup 
differences were absent regarding sex, age, ASA, Sanders classification, and smoking 
habits (Table 1). In total, 8% of the postoperative pain scores were missing at the various 
time points; these were handled through multiple imputation. There were no significant 
differences in the preoperative pain scores; mean NRS preoperative popliteal block vs ankle 
block was 1.4 vs 1.5 (P = .64).

Table 1. General descriptives

Characteristic Ankle Block
(n = 50)

Popliteal Block
(n = 33)

p-value

Sex
 Male
 Female

36 (72)
14 (28)

27 (82)
6 (18)

.31b

Age, mean (SD), y 48.1 (13.5) 41.9 (15.0) .06c

ASA Score
 ASA 1
 ASA 2
 ASA 3

33 (66)
16 (32)

1 (1)

25 (76)
8 (24)
0 (0)

.61 b

Side
 Left
 Right

19 (38)
31 (62)

19 (58)
14 (42)

.08 b

Sanders classification
 Type 2
 Type 3
 Type4

38 (76)
9 (18)
3 (6)

26 (79)
3 (9)

4 (12)

.37 b

Smoking habits
 Smoking

 Not smoking
 Missing

16 (32)
34 (68)

16 (50)
16 (50)

1

.12 b

Tourniquet use
 Yes
 No

36 (74)
14 (26)

25 (76)
8 (24)

.70 b

Type of anesthesia
 General
 Spinal

49 (98)
1 (2)

32 (97)
1 (3)

.99c

Abbreviations: ASA, American Society of Anesthesiologists. a Values are presented as number (%) unless otherwise 
indicated. B chi-square test. C Independent samples t test. D Fisher’s exact test
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The primary outcome parameter was postoperative pain, which was measured using the NRS. 
The NRS is a verbally administered pain rating scale in which a patient can rate his or her pain 
ranging from 0 (no pain) to 10 (maximum pain).7 The NRS was scored routinely preoperatively 
(T0), postoperatively at the operative ward after transfer from the postoperative care (T1), in 
the evening of the operation day (T2), in the morning on the day following surgery (T3), and 
in the afternoon on the day following surgery (T4). The assessment of pain was done by the 
nurse on call and registered in the electronic patient chart.
Popliteal blocks were placed using a bolus of local anesthetic (levobupivacaine 0.25% or 0.5%, 
10-20 mL). Standard medication for the ankle block was 10 to 20 cc bupivacaine 0.5%. The 
ankle block was placed by a surgeon specialized in foot and ankle surgery. The block was placed 
after positioning of the patient in a supine or lateral decubitus position. Patients had already 
received general or spinal anesthesia. The block was placed using anatomical landmarks 
nearby the sural, tibial, saphenous, superficial peroneal, and deep peroneal nerve as described 
by Schurman8 and Dhukaram and Kumar.9

 
Ultrasound guidance was not used for placing the 

ankle block. Standard postoperative pain medication for all patients included Paracetamol 
(acetaminophen) 4 g/d in 4 doses and Metamizole (dipyrone) 4/d in 4 doses. In addition, 
all patients received PCA with morphine 1 mg/mL or slow-release Oxycodone (oxycontin) 
10 mg twice daily and standard Oxycodone (oxynorm) 5 mg up to 6 doses daily depending 
on the postoperative NRS. The PCA was routinely discontinued on the morning following 
surgery when usage was below 10 mg/4 hours and only restarted in case of inadequate 
analgesia. All patients were discharged with oral paracetamol (acetaminophen), non- steroidal 
anti-inflammatory drugs (NSAIDs), and oxycodone for 1 week. Based upon a hospital-wide 
protocol, patients were discharged only when their NRS score was below 4. 

Statistics
Statistical analysis was performed with SPSS v. 24.0 (SPSS, Inc, an IBM Company, Chicago, IL). 
Categorical data are presented as frequencies and percentages. Continuous data are presented 
as means and standard deviations or standard error of the mean (SEM) (in case of use of 
imputed data) or medians and interquartile ranges (IQRs) where appropriate. Missing data 
were handled through imputation. To avoid bias, multiple imputation through predictive mean 
matching and using sex and age as a predictor with 10 imputed data sets was performed for 
the missing data. Data were subsequently pooled using Rubin’s rule.10 Differences in baseline 
characteristics, postoperative pain, and hospital stay were analyzed with the χ2, independent 
t test, or Mann- Whitney U test where appropriate. Significance levels were derived from 
2-tailed tests and were set at P < .05.
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Results

Postoperative NRS scores did not differ significantly between the popliteal and ankle block 
on any of the time points (Table 2). Twelve percent of patients with a popliteal block received 
an additional PCA postoperatively; in the ankle block group, this was 38% (P = .01). In 2 
patients with a popliteal block, analgesia was insufficient and a new single-shot popliteal 
block was placed postoperatively. No patients in the ankle block group required a re-block; 
this difference was not statistically significant (6% vs 0%, P = .16). For 87% (72 of 83) of the 
patients, data on the cumulative amount of morphine used were available. The cumulative 
amount of morphine used during admission did not statistically differ between the 2 groups, 
with a median (IQR) of 13 (13-17) mg (range, 0-40) vs 13 (3-26) mg (range, 0-94), P = .69 
(popliteal vs ankle block, respectively).

Table 2. Postoperative pain scores

Characteristic
Ankle Block

(n = 50)
Popliteal Block

(n = 33)
p-value

NRS T0 1.5 (0.2) 1.4 (0.3) .64a

NRS T1 2.3 (0.2) 2.4 (0.5) .82a

NRS T2 2.4 (0.3) 1.5 (0.3) .09a

NRS T3 3.1 (0.3) 2.6 (0.4) .34a

NRS T4 2.3 (0.2) 2.2 (0.3) .76a

Values are mean and standard error of the mean, NRS, numeric rating scale; T0, preoperative; T1, at return to ward; 
T2, evening following surgery; T3, morning following surgery; T4, afternoon following surgery. aIndependent 
samples t test. 

Smoking did not significantly influence postoperative pain scores. The duration of surgery 
trended shorter in the ankle block group, but this difference was not statistically significant. 
There were no intergroup differences in the frequency of wound complications. Median 
(IQR) hospital stay in days after surgery for the popliteal block vs ankle block was 1.0 (1-1.5) 
vs 1.5 (1-3), P = .01 (Table 3).

Table 3. Operation Characteristics and Outcomes

Characteristic
Ankle Block

(n = 50)
Popliteal Block

(n = 33)
p-value

Operation duration, mean (SD), min 84 (26) 91 (28) .26a

Wound dehiscence, No. (%) 1 (2) 1 (3) .99b

Wound infection, No. (%) 2 (4) 3 (9) .38b

Length of hospital stay, median (IQR), d 1.5 (1-3) 1 (1-1.5) .01c

IQR, interquartile range. aIndependent samples t test. bFisher exact test. cMann-Whitney U test.
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Discussion

The aim of the current study was to investigate the differences in postoperative pain 
between 2 types of postoperative pain management. We observed no significant differences 
in postoperative pain score between patients with a popliteal block or an ankle block. The 
popliteal and ankle block had a similar direct analgesic effect, as shown by the NRS on T1 (first 
pain score measured at the ward). The analgesic effect seemed to last a little longer in the 
popliteal group, as reflected by the NRS on T2. However, this difference was not statistically 
significant. It has been shown that a peripheral block may last a little longer compared with a 
regional block.15 The clinical relevance of this difference, however, is not clear, as a reduction 
in NRS of 1.3 to 3 points or 33% is needed to be clinically relevant.11–13 As the aforementioned 
difference in NRS between the 2 methods was absent at all time points, we considered it 
clinically irrelevant. Another important point is that the cumulative amount of morphine used 
between the 2 groups did not statistically significantly differ between the 2 groups. In our 
study, the ankle block apparently provided adequate analgesia without increasing the use of 
intravenous or oral morphine. This finding is especially important in light of the abuse of opioids 
observed in the United States in the past decade.14 In a randomized study by Migues et al,15 a 
single-shot popliteal block was compared with a single-shot ankle block. They found that both 
methods provided adequate analgesia in patients undergoing elective forefoot procedures. 
Monsó et al16 found the same in a group of 3050 patients undergoing minor foot surgery. This 
comes at an expense as the use of a popliteal block has been shown to actually result in a 
higher incidence of rebound pain after it wears off.17 Most patients were discharged after 1 day 
(median, 1; IQR, 1-2), and maximum length of stay was 13 days. A small statistically significant 
difference in hospital stay was observed between the 2 groups. However, as this was only 
half a day, the clinical relevance is unclear. Furthermore, prolonged hospital stay was never 
because of insufficient pain management but because of logistical reasons, questioning the 
attribution of the ankle block to the prolonged hospital stay. Several studies have compared 
a single-shot nerve block with a continuous popliteal nerve block (CPNB) in foot and ankle 
surgery.1,3–5,18–20 Only Elliot et al3 found a significantly lower postoperative pain score in patients 
with a CPNB. All other authors, however, reported prolonged total procedure time due to the 
placement of a CPNB compared with a single-shot block. These results question the added 
value of continuous blocks over single-shot blocks. Furthermore, these blocks require extra 
resources as extra equipment is needed and patients are sometimes even discharged with a 
continuous block in situ, possibly necessitating extra home care. Therefore, continuous blocks 
may be reserved for more severe cases in which persistent pain is expected and additional 
analgesia may be warranted.
This study has several limitations. First, our study is retrospective, which may introduce selection 
bias. However, we have included all consecutive patients to reduce this problem. Second, the 
data of the pain scores were not complete, with approximately 8% of the NRS scores missing. 
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We have overcome this problem by using multiple imputation for the missing pain scores, 
which has been shown to be a reliable method in case of missing data.21 Interestingly, PCA was 
applied more often in patients with an ankle block. We believe this was mainly as a precaution 
as patients had not received a block by the anesthesiologist. As a result of this, in almost all 
cases, the PCA could be discontinued on the morning following surgery, which is also reflected 
by the fact that the cumulative amount of morphine used did not statistically significantly differ 
between the 2 groups.
A strength of this study is that it is the first to use the ankle block as an alternative to more 
elaborate analgesia techniques in the operative treatment of displaced intra- articular 
calcaneal fractures. We have shown that the 2 regimens of postoperative analgesia resulted 
in similar pain levels. A reduction in hospital costs may be achieved when using ankle blocks 
in calcaneal fracture surgery. This may also be true in other foot ankle trauma procedures as 
the additional investment of equipment and personnel to per- form a nerve block did not lead 
to better analgesia. The actual time needed to perform a block outside the operation room is 
an investment of time and use of scarce resources. We therefore question the need for nerve 
blocks for these specific procedures as a routine.

Conclusion

We found no differences in postoperative pain levels between patients receiving a popliteal 
block and those who received an ankle block following calcaneal fracture surgery. This may 
suggest that ankle blocks deliver adequate analgesia in routine cases. In daily practice, this can 
lead to a more efficient use of resources and personnel. The results of the present study may 
serve as a basis for a prospective study on this subject to provide more definitive answers.
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Abstract

Objective – The objective of the present study was (1) to identify predictors of both nonunion 
and postoperative wound infections (POWI) and (2) to assess the union and complication 
rate following posttraumatic subtalar arthrodesis (STA).

Design – Retrospective comparative cohort study.

Setting – Level 1 trauma center.

Patients – All consecutive adult patients with STA following traumatic injuries between 2000 
and May 2015.

Intervention – STA for posttraumatic deformities.
Main Outcome Measurements: Union (described as a combination of radiographic signs 
of osseous bridging and a clinically fused joint) and POWI as classified by the Centers for 
Disease and Control.

Results – A total number of 93 (96 feet) patients met the inclusion criteria. Union was 
achieved in 89% of patients. For primary, secondary in situ, and secondary correction 
arthrodesis, these percentages were 94%, 84% and 90%, respectively (NS). The union 
rate significantly increased over time (P = 0.02). In 17 patients (18%), a POWI occurred, of 
which 2 were classified as superficial and 15 as deep POWIs. The POWI rate did not differ 
between the groups. Alcohol, nicotine, and drug abuse were not significantly associated 
with the occurrence of POWIs. Patients with an open fracture or an infection following open 
reduction internal fixation had a greater risk of a POWI following STA (P = 0.03 and P = 0.04, 
respectively).

Conclusions – We could not identify predictors for nonunion. In 18% of the patients, an 
infectious complication following surgery occurred. Patients with an open fracture or an 
infection after primary surgical treatment (i.e., open reduction internal fixation) have a 
higher chance of POWIs following STA. The union rate following posttraumatic STA is 89%.
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Introduction

Subtalar arthrodesis (STA) is a common procedure which was first described by Nieny 
in 19051. It can be used for both non-traumatic and posttraumatic deformities2. Most 
publications on STA include patients with end-stage degenerative joint disease, leaving a 
relative paucity in the literature regarding fusion for posttraumatic subtalar arthritis. 
In posttraumatic patients, STA can serve as primary treatment, most often in severely 
displaced intra-articular calcaneal fractures3–6. Furthermore, STA can serve as a secondary 
salvage procedure to treat posttraumatic subtalar osteoarthritis7. In cases with painful 
sequelae after a ORIF of a displaced calcaneal fracture with anatomic or near anatomic 
reduction, an in situ fusion of the subtalar joint will be sufficient in most cases8,9. However, 
in non-operatively treated fractures in which adequate reduction of width and/or height is 
not possible or a collapse had occurred, an in situ arthrodesis is often not sufficient. In these 
cases restoration of the height of the articular surface is needed, which is mostly achieved 
by a corrective osteotomy coupled with arthrodesis10,11.
Although arthrodesis of the subtalar joint is a common procedure, it is technically demanding 
and high complication rates have been reported12,13. Thermann et al. for example reported 
‘good’ success rates in only 59% of all patients treated with a secondary arthrodesis14 and 
in a recent review Schepers et al. reported a wide range of success rates of talocalcaneal 
fusion (65% – 100%) following primary subtalar arthrodesis 4. Furthermore, high rates of 
postoperative wound infections (POWI) have been reported for different types (i.e. primary, 
secondary in situ and secondary correction arthrodesis) of STA15. The reported union rate 
for all subtalar arthrodeses ranges between 84 - 100%16. In the literature there are several 
known risk factors for nonunion such as smoking9,17 and diabetes mellitus15,17,18.
With this study we tried to identify predictors of nonunion and infectious complication of 
primary and two types of secondary posttraumatic subtalar arthrodesis. Currently, the only 
paper assessing all three types of posttraumatic subtalar arthrodesis is by Flemister et al6. 
The results of our study could aid in decision making in treating patients with calcaneal 
fractures. 

Patients and Methods

All consecutive patients between January 2000 and May 2015 with a posttraumatic STA 
at a single academic level 1 trauma center were included in this study. We retrospectively 
reviewed electronic patient hospital charts. The following characteristics were obtained: 
surgeon, gender, age at time of STA, American Society of Anesthesiologists Score (ASA-
score), Body Mass Index (BMI), diabetes mellitus, substance abuse (i.e. alcohol, nicotine 
and drugs). Type of primary injury, open or closed characteristics, primary operative or non-
operative treatment and presence of infection following primary treatment were noted. 
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The last visit at the outpatient clinic was used to calculate follow-up time. Furthermore, it 
was noted whether patients with a secondary arthrodesis reported improvement of their 
symptoms following the STA.
The following characteristics were collected regarding STA: timing of procedure (i.e. primary 
or secondary arthrodesis), secondary procedures were further determined into in situ- or 
correction arthrodesis, number of incisions, location of incision, material used (e.g. screw, 
plate and k-wire) and the use of bone graft. 
Outcome measures included union or nonunion, time to union and occurrence of POWI. 
Union was defined as a combination of radiological signs of union and a clinically fused joint. 
The threshold for making a CT was very low, only in patients with obvious improvement of 
symptoms, a fused joint on plain radiographs and clinical signs of a fused joint a CT was not 
made. These patients were discharged and instructed to return in case of complaints.
 Patients were assessed at the outpatient clinic at 1, 3, 6 and 12 months postoperatively by a 
consulting surgeon and longer follow-up was performed if deemed necessary. Postoperative 
wound infections were classified into superficial or a deep, using the CDC criteria19. A 
superficial POWI was defined as wound dehiscence with necrosis and a positive wound 
culture or other symptoms treated with local treatment or oral antibiotics. A deep infection 
was defined as a POWI in which surgical debridement and/or intravenous antibiotics was 
required. 
Statistical analysis was performed with SPSS v. 20 (SPSS Inc. Chicago Ill. USA) Categorical 
data are presented as percentage frequencies. Associations between union, POWIs and 
the characteristics of our study group were analyzed with the chi-square test or Fisher’s 
exact test if appropriate. The Cochran-Armitage test was used to investigate the association 
between year of operation and union to assess the effect of the learning curve. Significance 
levels are derived from two-tailed tests and were set at p < 0.05. 

Results

Surgery was performed by five different surgeons, two of these (JSKL and TS) were the 
most involved, at least one of these two was present at each procedure. One performed 
57 procedures as primary surgeon and 15 as supervising surgeon,the other performed 
39 procedures as a primary surgeon and three as a supervising surgeon. It must be noted 
that in the Dutch health care system Trauma surgeons and Orthopedic surgeons are both 
involved in fracture surgery. However, Trauma surgeons exclusively treat (post)traumatic 
patients, thus no STA procedures for non-traumatic arthritis were performed by our study-
group during the study period. The amount of procedures increased over time (Figure 1), 
this was due to the hiring of a second Foot/Ankle specialist (TS) and increase in the use of 
primary arthrodesis for severely displaced calcaneal fractures.
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Figure 1. Number of posttraumatic STA’s performed each year 

End of inclusion: May 2015 STA: subtalar arthrodesis

Ninety-three patients (96 feet) matched the inclusion criteria, none were excluded. Mean 
age of the included patients was 48.7 years and 68% were males. Of the patients, 85% had 
a calcaneal fracture; other injuries sustained were talar (n = 10) and ankle (n = 2) fractures. 
In total 37 primary, 39 secondary in situ and 20 secondary correction (subtalar bone block 
distraction) arthrodeses were performed. Median follow-up time was 13 months (IQR 8.25 – 
23.75). We could not identify a significant predictor of nonunion specifically, we were unable 
to detect a correlation between POWI and nonunion (Table 2a). However, we did observe 
a positive trend in union rate over time (p=0.02). We did not find a significant correlation 
with the use of bone graft and union (p= 1.00). A history of diabetes mellitus was not related 
to POWI (p=0.34). The predictors of POWI were 1) open fractures (p=0.03) and 2) POWI 
following ORIF in patients with a secondary arthrodesis (p=0.04) (Table 2b).
In 52 % of the cases union was confirmed by using CT. The union rates of primary, in situ 
and corrective arthrodesis were 94%, 84% and 90%, respectively. These differences were 
not statistically significant (p=0.36). Furthermore, time to union did not differ statistically 
between the three groups. Median time until union was respectively 6, 6 and 7 months 
(p=0.10). Also, no statistically significant differences were found in POWI rates between the 
three groups; respectively 6 (16%), 8 (21%) and 3 (18 %) (p=0.88) (Table 3). In the primary 
arthrodesis group both infections were deep POWIs. In the in situ group 2 out of 7 POWIs 
were superficial and 5 were deep POWI’s. In the correction group all three POWI’s were 
deep. In patients with a secondary arthrodesis, 89 % reported improvements of their 
symptoms following the arthrodesis.
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Table 1. Patient characteristics

Primary Arthrodesis
(n=37)

In situ Arthrodesis
(n=39)

Correction Arthrodesis
(n=20)

p-value

Gender
 Male 25 (68%) 27 (69 %) 13 (65%)

0.95†

Age(yrs) [range]^ 51.0 [26 – 77] 47.3 [20 – 71] 47.1 [28 – 68] 0.37*
ASA

 1
 2
 3
 Missing

20 (54%)
14 (38%)

3 (8%)
0

21 (54%)
17 (43%)

1 (3%)
0

9 (47%)
10 (53%)

0 (0%)
1

0.53†

BMI [range] ° 26.6 [20.1 – 55.4] 26.0 [18.7 – 33.4] 24.7 [21.7 – 29.7] 0.58*
Diabetes Mellitus

 Yes
 No
 Missing

2 (6 %)
34 (94%)

1

0 (0%)
39 (100%)

0

0 (0%)
18 (100%)

2

0.20†

Alcohol
 Yes
 No
 Missing

13 (37%)
22 (63%)

2

14 (47%)
16 (53%)

9

7 (58%)
5 (42%)

8

0.42†

Smoking
 Yes
 No
 Missing

19 (54%)
16 (46%)

2

20 (65%)
11 (35%)

8

8 (62%)
5 (38%)

7

0.69†

Drugs
 Yes
 No
 Missing

1 (3 %)
33 (97%)

3

2 (7 %)
28 (93%)

9

3 (25%)
9(75%)

8

0.05†

Calcaneal fracture
 Yes
 No

34 (92%)
3 (8%)

28 (72%)
11 (28%)

20 (100%)
0 (0%)

0.30†

Open fracture
 Yes
 No
 Missing

7 (19%)
30 (81%)

0

5 (14%)
31 (86%)

3

3 (18%)
14 (82%)

3

0.91†

Diabetes Mellitus
 Yes
 No
 Missing

2 (6 %)
34 (94%)

1

0 (0%)
39 (100%)

0

0 (0%)
18 (100%)

2

0.20†

Alcohol
 Yes
 No
 Missing

13 (37%)
22 (63%)

2

14 (47%)
16 (53%)

9

7 (58%)
5 (42%)

8

0.42†

Smoking
 Yes
 No
 Missing

19 (54%)
16 (46%)

2

20 (65%)
11 (35%)

8

8 (62%)
5 (38%)

7

0.69†

Drugs
 Yes
 No
 Missing

1(3 %)
33 (97%)

3

2 (7%)
28 (93%)

9

3 (25%)
9 (75%)

8

0.05†

Calcaneal fracture
 Yes
 No

34 (92%)
3 (8%)

28 (72%)
11 (28%)

20 (100%)
0 (0%)

0.30†

Open fracture
 Yes
 No
 Missing

7 (19%)
30 (81%)

0

5 (14%)
31 (86%)

3

3 (18%)
14 (82%)

3

0.91†

*: one-way ANOVA †: Chi2 ^:mean °: median
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Table 2a. Predictors of non-union

Union
(n = 82)

Non-Union
(n = 10)

p-value

ASA
 1
 2
 3

43 (52%)
35 (42%)

3 (6%)

5 (50%)
5 (50%)
0 (0%)

0.79†

DM
 Yes
 No 

2 (3%)
77 (97%)

0 (0 %)
10 (100%)

1.00^

Alcohol
 Yes
 No 

39 (58%)
28 (42%)

4 (58%)
3 (42%)

0.44^

Smoking
 Yes
 No 

39 (58%)
28 (42%)

6 (67%)
3 (33%)

0.73†

Drugs
 Yes
 No 

6 (9 %)
61 (91%)

0 (0%)
6 (100%)

1.00^

Open fracture
 Yes
 No 

13 (16%)
63 (84%)

2 (20%)
8 (80%)

1.00^

Infection after primary treatment*
 Yes
 No 15 (52%)

14 (48%)
3 (75%)
1 (25%)

0.60^

†: Chi2 ̂ : Fisher’s exact test *: Only patients with a secondary arthrodesis DM: diabetes mellitus POWI: postoperative 
wound infection

Table 2b. Predictors of postoperative wound infection

No POWI
(n = 75)

POWI
(n = 17)

p-value

ASA
 1
 2
 3

40 (53%)
31 (42%)

4 (5%)

7 (41%)
10 (59%)

0 (0%)

0.32†

DM
 Yes
 No 

1 (1%)
72 (99%)

1 (6 %)
16 (94%)

0.34^

Alcohol
 Yes
 No 

26 (42%)
36 (58%)

8 (53%)
7 (47%)

0.43†

Smoking
 Yes
 No 

37 (58%)
27 (42%)

10 (67%)
5 (33%)

0.53†

Drugs
 Yes
 No 

5 (8%)
57 (92%)

1 (7 %)
13 (93%)

1.00^

Open fracture
 Yes
 No 

9 (13%)
63 (87%)

5 (33%)
10 (67%)

0.03†

Infection after primary treatment*
 Yes
 No 

10 (42%)
14 (58%)

7 (87%)
1 (13%)

0.04^

†: Chi2 ^: Fisher’s exact test *: Only patients with a secondary arthrodesis DM: diabetes mellitus
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Discussion

We could not identify any factors associated with (non)union. Patients with an open fracture 
or an infection following ORIF were at risk for sustaining a POWI following arthrodesis. We 
observed union in 89% of patients with a posttraumatic subtalar arthrodesis. The union rate 
did not significantly differ between the primary, secondary in situ, or secondary corrective 
arthrodesis groups. 
We were unable to detect any factors related to nonunion. In particular the relation between 
the use of a bone graft and nonunion, which has been observed by others18. Bone grafting 
however, was used in only a very small part of the patients (apart from the correction group), 
thus mandating careful interpretation of this finding. We did find a positive correlation 
between union and time. We started to treat patients with a posttraumatic STA in the 
year 2000. We attribute the higher nonunion rates to less experience with this technically 
demanding procedure. After a learning curve of approximately 30 patients our surgical 
technique (e.g. use of larger screw diameter, more extensive preparation of the articular 
surface and different incision) had improved and subsequently the union rate increased. 
Our union rates are now comparable to an earlier similar report by Flemister et al6.
Regardless of the expertise in our center on this subject we have observed fairly high 
complication rates following posttraumatic STA. However, these rates are comparable 
to other reports4,9,11,13. This also reflects that a STA is a technically demanding procedure 
requiring experience. In contrast to other studies we were not able to detect a significant 
relation between substance abuse or diabetes mellitus and POWI. This might be due to the 
low numbers of these type of patients, which is a result of the relatively low number of 
patients included in the study and low prevalence of diabetes in the Netherlands in this age 
category. Furthermore, is it our experience that patients sustaining calcaneal fractures (the 
majority of our patient group) are of predominantly lower socio-economic status. These 
patients are more prone to nicotine abuse explaining the high number of patients in our 
patient group suffering from this condition. 
We were able to identify two predictors of a POWI; 1) patients with an open fracture are 
at risk for sustaining POWI’s and 2) patients undergoing secondary arthrodesis who had a 
POWI following the ORIF are at risk for POWI’s following the secondary subtalar arthrodesis. 
We hypothesize that it is very hard to eliminate (asymptomatic) microorganisms once they 
colonize the surgical site. When performing (secondary) procedures in this area the patient 
is at risk and extra precaution should be taken to prevent POWI. Particularly because these 
patients have a worse functional outcome compared to patients without a POWI20. 
Primary subtalar arthrodesis is predominantly performed in patients with severely 
comminuted calcaneal fractures21. Worse functional outcome can be expected in these 
patients as restoration of pre-trauma anatomy is nearly impossible5,6,21–23. Moreover, in 
cases where anatomical reduction was achieved, degeneration is often seen because of 
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chondrolysis24. The purpose of sacrificing the subtalar joint in these patients is prevention 
of chronic pain. Good outcomes have been reported using this treatment in patients 
with severely displaced fractures4,25. A recent randomized study in patients with severely 
displaced calcaneal fractures (Sanders type IV) showed similar outcome between patients 
treated with open reduction internal fixation (ORIF) and patients treated with ORIF combined 
with a primary STA. Furthermore, patients treated with a primary arthrodesis required less 
secondary procedure compared to patients treated with ORIF as these patients required 
an arthrodesis in 25% of all cases due to posttraumatic osteoarthritis21. Our series, has the 
largest cohort of patients with primary subtalar arthrodesis published. 
In our cohort we have observed high union rates following primary subtalar arthrodesis 
which are comparable to the earlier report by Flemister et al6. Furthermore, despite the 
primary arthrodesis needs addressing both the reduction of a complex fracture and proper 
technique to obtain a fusion, fusion rates are similar to the secondary procedure group. 
Subtalar arthrodesis can also serve as a salvage procedure to treat the sequelae of a 
hindfoot fracture6,8. Good long-term outcome have been reported in patients undergoing 
secondary subtalar fusion11. In fractures with minor displacement the source of pain will 
most likely be result of posttraumatic osteoarthritis of the subtalar joint. In these cases an 
in situ arthrodesis will likely be sufficient9,11. In this patient category we have observed the 
lowest union rate these are our however comparable to the literature2.
In patients with more severe posttraumatic deformities besides posttraumatic osteoarthritis 
other factors such as peroneal (fibular) and tibiotalar impingement can play a role. These 
need to be addressed to fully treat the problem. In this group of patients, a correction or 
bone block distraction arthrodesis, as described by Carr et al. in 198826, is a well-described 
solution10,11,27. Restoration of the anatomy can be achieved with the use of a bone graft 
(e.g. tricortical iliac crest or resected lateral wall), or allograft, in such a manner that not 
only the osteoarthritis of the subtalar joint is managed, but also problems in other parts 
of the hindfoot such as restoration of the normal foot/ankle anatomy (height, width , 
and axis) and biomechanics can be adressed6,11. It must be noted that we use a modified 
technique compared to the technique described by Carr et al. to prevent hindfoot varus. 
Good outcomes have been reported using bone block distraction arthrodesis 6,10,28. 
Interpretation of the results of our study requires caution because of the retrospective 
character of the study. Although we included all consecutive patients in the selected period 
patient/selection bias cannot be ruled out. Furthermore, the main limitation of our study 
is that it depends on ‘surgical success’, which we define as union combined with the lowest 
complication rate possible. We did not address the outcome, apart from improvement of 
symptoms in secondary STA patients, measured in patient factors such as return to work, 
chronic pain and satisfaction. Ultimately these factors define the ‘true’ success of an 
arthrodesis. 
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Conclusion

Subtalar arthrodesis can be performed both as primary treatment and as salvage procedure 
for the sequelae of a fracture of the hindfoot. High union rates (89%) following posttraumatic 
subtalar arthrodesis can be achieved. The union rate does not differ between primary and 
secondary fusions. Experience is of great importance, due to the risk of complications. 
Especially patients with an open fracture or a POWI following ORIF prior to the STA are at 
risk for a postoperative wound infection. 
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Abstract

Background – Calcaneal fractures are uncommon and have a substantial impact on hindfoot 
function and quality of life. Several surgical treatment options are available; both in surgical 
approach and type of operation. The aim of this study was to compare functional outcome 
and quality of life following ORIF and primary arthrodesis. Furthermore, predictors of worse 
functional outcome were explored.

Methods – A retrospective cross-sectional cohort study was performed in patients with 
surgical fixation of a calcaneal fracture with a minimum follow-up of 18 months. Patients 
received ORIF through the 1) Extended Lateral Approach (ELA), 2) Sinus Tarsi Approach (STA) 
or 3) primary arthrodesis via STA. Participants were presented a questionnaire containing 
demographics, the AOFAS hindfoot scale, Foot Function Index, SF-36, EQ-5D and patient 
satisfaction.

Results – In total 95 patients participated in this study. The three groups were comparable 
regarding patient characteristics. A median score of 74.5 points on the AOFAS hindfoot scale 
and 11.9 on the FFI was found for the entire group. There were no statistically significant 
differences between patients with ORIF of primary arthrodesis. Patients scored a median 
of 49.0 on the Physical Component Scale of the SF-36 and 55.4 on the Mental Component 
Scale. On the EQ-5D patients scored a median of 0.8 points. Again, no statistically significant 
differences were observed between the three subgroups. Socio-economic status was the 
only statistically significant predictor of worse functional outcome (b: 4.06, 95% CI: 0.50–
7.62) after multivariable analysis.

Interpretation – Good midterm outcomes following in terms of functional outcome and in 
quality of life are observed. We observed no statistical significant difference in functional 
outcome between patients with ORIF and patients with primary arthrodesis. The only 
predictor of worse functional outcome is a lower socio-economic status.
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Introduction

Calcaneal fractures are a rare entity and count for less than 2% of all fractures.1 They are often 
the result of a high-energy trauma such as fall from height and usually occur in relatively 
young and active patients.2 This, combined with difficulties in treatment of calcaneal 
fractures is responsible for long-term disabilities in a large group of patients3, which leads to 
a substantial socioeconomic impact of calcaneal fractures on society.4

Traditionally the Extended Lateral Approach (ELA) is used for open reduction and internal 
fixation (ORIF) of calcaneal fractures; it provides good overview of the fracture and 
allows anatomical reduction.5 The subtalar joint however is difficult to visualise using this 
approach and high complications rates have been described.6,7 Complications may lead to 
worse outcome and therefore their prevention is of paramount importance.8 Nowadays, 
a less invasive approach, the Sinus Tarsi Approach (STA) is used more often. The subtalar 
joint is visualised using this approach, ensuring adequate reduction of the subtalar joint. 
Furthermore, a less extensive soft tissue dissection is needed, potentially lowering the risk 
of postoperative wound infections.7 For severely displaced fractures adequate restauration 
of the subtalar joint is challenging and a large proportion of these patients may develop 
posttraumatic osteoarthritis demanding a secondary subtalar arthrodesis.9 Because of this 
a primary subtalar arthrodesis may be considered in patients with a severely displaced 
intra-articular fracture (i.e. Sanders IV).10,11 Further- more, in patients in whom there doubts 
whether they are able to adhere to a non-weight bearing regime, a subtalar arthrodesis may 
be the treatment of choice as this allows earlier mobilisation.12 However, as the subtalar 
joint is fused it may lead to decreased hindfoot function.
The aim of this study was to compare the mid-term functional outcome of patients with 
a calcaneal fracture following 1) ORIF with the ELA, 2) ORIF with the STA and 3) primary 
arthrodesis through a retrospective cross-sectional cohort study. Secondary aim was to 
assess quality of life following surgical fixation of a calcaneal fracture and compare these 
amongst the three groups. Lastly, we aimed to explore possible predictors of worse 
functional outcome following a calcaneal fracture.

Patients and Methods

All patients who were operated on a calcaneal fracture at a single level 1 academic centre 
from the 1st of January 2012 until 1st of July 2015 were eligible. All patients were at least 1 
1/2 year past the initial procedure (ORIF or primary arthrodesis). Excluded from the current 
study were; (1) patients younger than 18 years old, (2) mentally ill patients, (3) deceased 
patients, (4) patients without contact details or living abroad or (5) insufficient understanding 
of the Dutch language. Patients were contacted by phone or at the outpatient clinic to invite 
them to participate in the study. A flowchart of the included patients is available in Fig. 
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1. For all patients (including the non-responders) the following data was extracted from 
electronic patient charts; gender, age, date of operation, severity of fracture (i.e. Sanders 
classification11), Essex-Lopresti classification13, side of the fracture (left, right or bilateral), 
postoperative wound infection (POWI) sub classified in superficial and deep wound 
infection according to the criteria of the Centers for Disease Control and Prevention (CDC).14 
Superficial infection was treated with local wound therapy or oral antibiotics; deep infection 
was as an infection for which readmission with intravenous antibiotics or a reoperation was 
mandatory. For the responders, it was noted whether or not an arthrodesis was performed 
(both primary and secondary arthrodesis) and which surgical approach was used. Two 
surgical approaches were used; the Extended Lateral approach (ELA) and the (minimally 
invasive) Sinus Tarsi approach (STA). In 2013 we started to use the STA instead of the ELA 
due to the high complication rate following surgical fixation trough the ELA [7]. After 2013 
we did not use the ELA in any of the included patients. The subtalar fusions were performed 
after open reduction and internal fixation via a sinus tarsi approach. Cartilage was removed 
prior to reduction; no graft was used in any of the patients.
In our institution we use the following rule to opt for a primary fusion: a primary fusion is 
considered and discussed pre- operatively with the patient if two or more of the following 
fracture or patient characteristics are present: Fracture characteristics: (1) A Sanders type III 
or IV, (2) fracture-dislocations, (3) Böhler’s angle <0, (4) open fracture, (5) extensive damage 
to the cartilage (noted per-operatively) and patient characteristics: (1) age above 65, (2) 
lower physical demand, (3) doubts on compliance (ability of the patient to adhere to a non-
weight bearing regime), (4) comorbidities (diabetes, smoking, obesity) or (5) at the request 
of the patient).All surgeries were performed by two dedicated foot/ankle specialized 
surgeons. An example of an ORIF through the ELA, STA and primary arthrodesis are depicted 
in Fig. 1-6.
All patients who agreed to participate in the study received a questionnaire with a short 
demographical section containing questions regarding their postal-code, weight & length, 
medical history (i.e. diabetes) and smoking status. Also, they were presented the Dutch 
version of the Foot Function Index (FFI),15 American Orthopaedic Foot & Ankle Society 
(AOFAS) Hindfoot scale [8], SF-3616 and EQ-5D.17 The AOFAS range-of-motion and foot 
alignment was documented in the electronic charts for all patients. Missing data in the 
AOFAS, FFI and SF-36 were handled through the instructions described.18–20 In addition, 
patients were asked whether they had undergone implant removal and if so, if this had 
been beneficial. 

Lastly, they were asked how satisfied they were with the treatment using a visual analogue 
scale ranging from zero to 100. A list was obtained from the Netherlands Institute for Social 
Research (‘Sociaal Cultureel Planbureau’) with the socioeconomic status (SES) of each 
postal-code in the Netherlands. The SES of a postal-code is reflected by a figure ranging from 
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6.7 to +3.1 in which ‘0’ is the average SES of a postal-code in the Netherlands. The need for 
obtaining informed consent was waived by the Medical Ethical Committee of the Academic 
Medical Center, Amsterdam, The Netherlands.

Statistical analysis
Categorical variables are presented as counts and frequencies. Continuous variables are 
presented as means and standard deviations or medians and interquartile ranges (IQR) 
where appropriate. Differences between the responders and non- responders were assessed 
using Mann–Whitney U test and Chi- square test. Differences between patients undergoing 
ORIF (through ELA and STA) and patients undergoing primary arthrodesis were assessed 
using Kruskal–Wallis tests and Chi-square tests where appropriate. Correlations between 
outcome and variables were assessed using Spearman’s Rho coefficient. The influence of 
several predictors on functional outcome was assessed in a univariable test. After this a 
multivariable linear regression using backward selection was performed including predictors 
(p 0.1) from the univariable analysis. All p-values are derived from two- tailed tests and 
calculations were performed using SPSS v23.0 (SPPS, IBM Inc., Chicago, Ill).

Results

In total 150 patients were surgically treated for a calcaneal fracture between January 2012 
and July 2015. Fifteen patients were excluded because of age under 18 years (n = 2), mental 
illness (n = 5), deceased (n = 1), no contact details available or living abroad (n = 6) or 
insufficient understanding of the Dutch language (n = 1). Out of 135 included patients, 95 

Fig. 1. 1 & 2: fracture fixation through the Extended Lateral Approach, 3 & 4: fracture fixation through the Sinus 
Tarsi Approach, 5 & 6: fracture fixation through a primary arthrodesis through the Sinus Tarsi Approach.
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(70%) returned the questionnaires. Non-responders were statistically significantly younger 
(p < 0.001) and more often male (p = 0.02). 

Table 1. Demographics

Total
N = 95

ORIF through 
ELA (n = 35)

ORIF through 
STA (n = 36)

Primary 
arthrodesis

(n = 24)

p-value

Gender 
 Male (%)
 Female (%)

59 (62)
36 (38)

22 (63)
13 (37)

23 (64)
13 (36)

14 (58)
10 (42)

0.90a

Age (median) [IQR) 51 
[41–60]

49 [45–60] 47 [38–58] 57 [43–67] 0.13b

Socio-economic status 
(median) [IQR)

0.57
[-0.14 – 0.99]

0.51
[-0.06 –0.96]

0.69
[-0.13–1.26]

0.30
[-0.62–0.83]

0.56b

BMI 
(median) [IQR)

24.3
[22.2 –26.8]

25.2
[22.7–27.2]

23.1
[21.2–26.2]

25.2
[21.9–30.4]

0.04b

Diabetes
 Yes (%)
 No (%)

2 (2)
93 (98)

1 (3)
34 (97)

0
36 (100)

1 (4)
23 (96)

0.26a

Smoking habits
 Smoking (%)
 Non-smoking (%)

28 (29)
67 (71)

14 (40)
21 (60)

8 (22)
28 (78)

6 (25)
18 (75)

0.22a

ELA: Extended Lateral Approach, STA: Sinus Tarsi Approach. a: Chi-square test. b: Kruskal–Wallis test.

Socio- economic status, severity of the fracture (resembled by the Sanders and Essex-
Lopresti classification) and POWI rate did not statistically significantly differ between the 
non-responders and responders. Demographics for the whole group and subgroups are 
shown in Table 1. 
The only statistically significant difference between the three subgroups was BMI. Fracture 
and treatment characteristics are available in Table 2. In 27 patients (28%) implants 
were removed and 71% of these patients reported improvement of symptoms following 
implant removal. Seven (10%) out of 71 patients underwent secondary arthrodesis due to 
posttraumatic osteoarthritis (OA).

Functional outcome and treatment satisfaction
Median AOFAS hindfoot scale score for the whole group was 74.5 [IQR: 58.25–85.00] 
(where 100 points resembles maximum hindfoot function). Median Foot Function Index 
score was 11.5 [IQR: 3.6–26.6] (where zero points resembles full foot function). There were 
no statistically significant differences between the three subgroups in terms of functional 
outcome. Overall, patients scored a median of 85 [IQR: 70–100] points (out of a maximum 
of 100 points) on treatment satisfaction. There were no statistically significant differences in 
treatment satisfaction between the three subgroups (Table 3). Patients with primary subtalar 
arthrodesis had better functional outcome compared to patients with secondary subtalar 
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statistically significant (p = 0.10).

Table 3. Functional outcome and treatment satisfaction following calcaneal fracture fixation

Total
N = 95

ORIF through ELA 
(n = 35)

ORIF through STA 
(n = 36)

Primary 
arthrodesis

(n = 24)

p-value

AOFAS 
(median) [IQR]

74.5 
[58.3–85.0] 75.0 [59.0–94.0] 82.5 [70.8–87.0] 70.0 [54.0–83.0]

0.056a

FFI 
(median) [IQR]

11.9 
[3.70–24.7] 14.0 [2.9–26.6] 10.5 [3.6–19.3] 17.5 [3.7–37.3]

0.40a

Satisfaction with treatment 
(median) [IQR] 85 [70–97] 85 [70–95] 85 [75–100] 80 [60–100]

0.38a

ELA: Extended Lateral Approach STA: Sinus Tarsi Approach, AOFAS: American Orthopaedic Foot & Ankle Society 
Hindfoot score, FFI: Foot Function Index a: Kruskal–Wallis test.

Quality of life
Median score for the Physical Component Summary (PCS) of the SF-36 was 49.4 [IQR: 38.5–
55.0], median score for the Mental Component Summary (MCS) of the SF-36 was 55.3 [IQR: 
51.0– 57.8]. Median score for the EQ-5D was 0.84 [IQR: 0.78–1.00] and median score for 
the health status component of the EQ-5D was 80.0 [70.0–90.0]. There were no statistically 
significant differences in quality of life between the three subgroups (Table 4).

Table 2. Fracture and treatment characteristics

Total
N = 95

ORIF 
through ELA 

(n = 35)

ORIF 
through STA 

(n = 36)

Primary 
arthrodesis

(n = 24)

p-value

Sanders classification
 II (%)
 III (%)
 IV (%)

67 (71)
21 (22)

7 (8)

28 (80)
7 (20)
0 (0)

28 (78)
6 (17)
2 (6)

11 (46)
8 (33)
5 (21)

0.03a

Essex-Lopresti classification
 JD (%)
 Tongue (%)
 Comminuted (%)

44 (46)
43 (45)

8 (8)

21 (60)
13 (37)

1 (3)

12 (33)
22 (61)

2 (6)

11 (46)
8 (33)
5 (21)

0.02a

Arthrodesis
 No (%)
 Primary (%)
 Secondary (%)

64 (67)
24 (25)

7 (7)

31 (89)
-

4 (11)

33 (95)
-

3 (8)

-
24 (100)

-

<0.001a

Surgical approach
 ELA (%)
 ST (%)

36 (38)
59 (62)

35 (100)
-

-
36 (100)

1 (4)
23 (96)

<0.001a

POWI
 Yes (%)
 No (%)

15 (16)
80 (84)

10 (29)
25 (71)

2 (6)
34 (94)

3 (13)
21 (87)

<0.001a

JD: Joint depression ELA: Extended Lateral Approach, STA: Sinus Tarsi Approach, POWI: postoperative wound 
infection*: Both superficial and deep wound infection. a: Chi-square test.
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Table 4. Quality of life following calcaneal fracture fixation

Total
N = 95

ORIF through ELA 
(n = 35)

ORIF through STA 
(n = 36)

Primary arthrodesis
(n = 24)

p-value

SF-36 PCS
(median) [IQR]

49.0 
[38.0–54.4]

47.2 [34.8–54.7] 50.7 [44.4–55.1] 48.5 [37.1–53.7] 0.39a

SF-36 MCS 
(median) [IQR]

55.4 
[50.8–57.8]

54.5 [49.5–57.7] 55.3 [49.3–59.0] 56.1[52.5–57.6] 0.76a

EQ-5D 
(median) [IQR]

0.84 
[0.78–1.00]

0.81 [0.78–1.00] 0.84 [0.78–1.00] 0.84 [0.80–1.00] 0.36a

EQ-5D health status 
(median) [IQR]

80.0 
[70.0–90.0]

82.0 [70.0–90.0] 80.0 [70.0–90.0] 80.0 [70.0–90.0] 0.96a

ELA: Extended Lateral Approach STA: Sinus Tarsi Approach, SF-36 PCS: SF-36 Physical Component Summary SF-36 
MCS: SF-36 Mental Component Summary a: Kruskal–Wallis test.

Predictors of worse functional outcome
The effect of several factors on the AOFAS was explored in a univariable analysis. There were 
no statistically significant differences between the functional outcome of men and women (p 
= 0.65). Age did not statistically significantly correlate with functional outcome (correlation 
coefficient 0.21 p = 0.15), BMI however did (correlation coefficient 0.22 p = 0.03). There was 
a trend towards worse functional outcome in patients suffering from diabetes (p = 0.09) 
and in patients smoking (p = 0.06). Furthermore, a trend towards worse functional outcome 
in patients with lower socio-economic status was observed (correlation coefficient 0.20 
p = 0.06). No association was found between functional outcome and Sanders type (p = 
0.58) and Essex-Lopresti-type (p = 0.88). Lastly, patients with an infection following fracture 
fixation did not have a statistically significant worse AOFAS hindfoot score (p = 0.49) and 
this was also not statistically significant when looking solely at deep infections (n = 7) (p 
= 0.61). After multivariable linear regression, the only statistically significant predictor of 
worse functional outcome was socio-economic status (b: 4.06, 95%CI: 0.50–7.62).

Discussion

In this cross-sectional cohort study we have observed good functional outcome following 
calcaneal fracture surgery. We did not find a statistically significant difference in functional 
outcome in patients with ORIF (both through ELA and STA) and patients with primary 
arthrodesis. After multivariable analysis the only statistically significant predictor of 
functional outcome was socio- economic status. Patients were satisfied with treatment and 
reported good quality of life. This did not statistically significantly differ between the three 
subgroups described above.
Median AOFAS for the whole population was 74.5, which is comparable to other reports 
on calcaneal fracture surgery comparing the ELA with the STA.21–25 Furthermore, when 
comparing our results to the normative data as provided by Schneider and Jurenitsch19 (who 
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found a mean AOFAS hindfoot-score of 91.6 points for a ‘healthy’ population), we have 
been able to achieve acceptable functional recovery following surgical fixation of a calcaneal 
fracture. Especially in patients undergoing ORIF through the STA. The good outcome is also 
reflected by the median score on the FFI (11.2) which is even slightly better compared to 
median values in a healthy population.26 Naturally, the FFI is not specifically designed for 
measuring hindfoot function explaining the discrepancy between the outcome measured 
in the AOFAS and the FFI. The difference on the AOFAS between patients who underwent 
ORIF via the ELA and STA may be explained by the finding by Kingwell et al. that subtalar 
joint motion is severely hampered by scar tissue when using the ELA.27 The functional 
outcome following primary arthrodesis did not statistically differ from ORIF despite the 
fact that this group contained more severe fractures. A difference of almost 13 points on 
the AOFAS was observed between patients treated with primary arthrodesis and ORIF 
through the STA which was nearing statistical significance. It must be noted however that 
the applicability of the AOFAS in conditions where stiffness plays an important is disputed.28 
The primary arthrodesis is meant to prevent pain due to osteoarthritis by creating a fused 
joint. Despite fulfilling its purpose, patients may score lower due decreased ankle function 
and therefore the comparison between ORIF and primary arthrodesis should be made with 
care.18 Functional outcome in our primary arthrodesis group was slightly better than a study 
by Buckley et al.10 It must be noted that in our group of patients with primary arthrodesis 
also Sanders type II & III fractures were included who might do better which may explain 
this difference.
We have investigated the influence of several factors on functional outcome. Gender, BMI, 
diabetes mellitus, severity of the fracture and POWI were not statistically significantly 
associated with the AOFAS hindfoot scores. In several studies on normative data gender 
is influential on patient rated outcome measures and clinical rating scores.19,26 We 
hypothesize that we did not find such relation because our (relatively) small sample size. 
In the studies mentioned above, hundreds to over 1000 patients were included and we 
feel that our sample size is too small to detect the correlation described in those studies. 
In the previously mentioned studies age is also related to PROM/clinical rating system 
score. We found such relation as well, it was however not statistically insignificant in the 
multivariable analysis which prohibits us from drawing definitive conclusions. The same 
accounts for smoking, which was associated with worse outcome however the statistically 
significant relation disappeared in the multivariable analysis. Traditionally, diabetes has 
been recognized as a predictor of worse outcome.29 We did not find such relation but this 
is easily explained by the low prevalence of diabetes in our patient group. As we found a 
trend towards worse outcome in diabetics perhaps with a larger sample size (or at least 
more diabetics) such relation would become statistically significant. It is counter-intuitive 
that severity of the fracture does not influence the AOFAS, however this finding is confirmed 
by earlier reports.30,31 There are two explanations for this finding; 1) severity of the injury 
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does not influence outcome or 2) the classification on severity of the fracture is insufficient 
to predict worse outcome. Further studies are needed on this subject to further investigate 
this finding. Interestingly, POWI was not predictive of worse AOFAS, which is contradictory 
to an earlier report by our study group in which we found POWI to be negatively influential 
on outcome.8 This study comprised an older cohort, which may be an explanation for the 
difference found. Possibly we have improved our care for patients with a POWI ensuring 
comparable functional outcome despite a POWI. Furthermore, in a study by de Groot et 
al. no differences in functional outcome between patients with and without an infection 
was observed either.6 The only variable statistically significantly associated with functional 
outcome in the multivariable analysis was socio-economic status. This relation has been 
previously described in patients with radius, humeral and hip fractures32–34 but not in foot/
ankle surgery.
The reason why people with a lower socio-economic status do worse is unknown however 
several hypotheses can be postulated; (1) people with cannot afford additional care (such 
as physiotherapy) during the rehabilitation process (in the Netherlands hospital related 
health care costs are fully covered however additional optional treatments are only 
partly or completely not funded). Furthermore, they may not completely understand the 
postoperative regime and therefore not comply fully to this. Lastly they may not be able 
to recognize complications in time and therefore seek help too late. These are all however 
only hypotheses and further research on this subject is needed. In the meantime, physicians 
should be aware of the fact that people with a lower SES do worse and pay extra attention 
to patients with lower socio-economic status.
In this study, we have observed good results in terms of quality of life. For the SF-36 PCS we 
found a median score of 49.5 whereas the mean value for the PCS in a Dutch population 
is 51.1, indicating only slight loss of quality of life due to physical limitations.16 The results 
for the PCS are comparable to earlier reports on surgical fixation of calcaneal fractures.35,36 
For the MCS we have even observed a higher score compared to a healthy population.16 It 
might be that patients experience better mental health as they are focused on their physical 
limitations, nevertheless the good MCS reported is remarkable. When taking the results of 
the EQ-5D into account, a similar pattern of good quality of life following surgical fixation 
of a calcaneal fracture is observed. For the 5 dimensions of the EQ-5D, patients scored a 
median of 0.84 whereas 0.87 is the average score for a population of comparable age. The 
health status, as rated by a visual analogue scale, had a median of 80.0 whereas 81.0 is the 
average for the ‘healthy’ Dutch population of comparable age.
A potential weakness of the present study is that the groups of patients are not 
contemporary; before 2013 we exclusively used the ELA, from mid-2013 we switched to 
the STA (and started to perform primary arthrodesis more often). This may have introduced 
bias, however all patients had a minimum of 1 1/2-year follow-up after which no additional 
improved in functional outcome is expected.37 Furthermore, we do not have data on the 
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postoperative Böhlers angle which has found to be predictive of functional outcome in one 
study.30 In a study by de Groot et al. however such relation was not found6 and we therefore 
doubt the significance of the absence of data on the Böhlers angle. A large part (30%) of 
our study population did not respond to our request to participate in the study. Naturally 
this may have introduced bias to our study, especially in the light of a study by Murnagham 
and Buckley in which they showed that non-attenders had a lower SES and worse fracture 
characteristics compared to attenders (both factors which are known to influence 
outcome).38 In our study however, SES and fracture characteristics were comparable in the 
responder group compared to the non-responder group leaving the impact of the non-
responders unclear. Lastly, the low level of evidence of our study prohibits us from drawing 
definitive conclusions.
This study is the first study comparing various strategies for treating calcaneal fractures 
with respect to functional outcome. We have used a low threshold for performing primary 
arthrodesis and have observed good results using this technique in the treatment of 
calcaneal fractures. Besides this, to the best of our knowledge, our study is the largest 
cohort presented so far on the functional outcome of patients with primary arthrodesis 
for a calcaneal fracture. Furthermore, we have administered several PROM’s to our study 
population through which we have been able to gather a large amount of valuable data, not 
only on functional outcome but also on quality of life. The results of the present study can 
be used as a benchmark for future studies on this subject.
 
Conclusion

We have observed good outcome scores following calcaneal fracture surgery, both in terms 
of functional outcome and in quality of life. There are no statistically significant differences 
in functional outcome between patients with ORIF (through ELA and STA) and patients with 
primary arthrodesis. The only statistically significant predictor of worse functional outcome 
is a lower socio-economic status.
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Abstract

Introduction – There is no universal method with cut off values for the assessment of 
distal tibiofibular joint reduction in acute syndesmotic injuries. It is important to detect 
malreductions as these may lead to impaired functional outcome and may demand 
reoperations. The aim of this study was to systematically review the literature to propose a 
new universal method for the assessment of quality of syndesmotic reduction.

Methods – A literature search was conducted in Medline, Embase and Cochrane library to 
search for articles assessing syndesmotic reduction. Excluded were articles where no criteria 
and/or measurements for syndesmotic reduction were provided, only normative values 
were provided and reviews.

Results – In total, 2096 articles were found of which, 1360 studies were screened for title 
and abstract after exclusion of duplicates. One hundred and six studies were eligible for 
full-text analysis. Of these 58 were excluded. Forty-eight studies were included, 14 using 
plains radiographs, 19 computed tomography and five used 3D CT. For each modality a large 
number of parameters and different cut off values were reported. CT was more accurate 
compared to plain radiographs. Parameters used the most were fibular position in the 
incisura and fibular rotation.

Conclusion  – CT is superior to plain-radiography in the assessment of the quality of 
syndesmotic joint reduction. Criteria for adequate reduction should at least include position 
of the fibula in the incisura and rotation of the fibula, whilst ensuring adequate fibular 
length, all equaling or at least approaching the values of the uninjured contralateral side.
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Introduction

Over the last decades the incidence of ankle fractures has increased.1 In approximately 
20% of the patients with an ankle fracture, tibiofibular syndesmotic disruption is present.2 
It is well established that syndesmotic injuries have a strong relation with post-traumatic 
arthritis3,4 and anatomic reduction of the tibiofibular syndesmosis is essential in order to 
minimize the risk of developing posttraumatic osteoarthritis.5,6 In addition, it has been found 
that malreduction of the syndesmosis leads to significantly worse functional outcome.7,8

Several controversies regarding treatment for syndesmotic injuries are present. A survey 
showed that there is a disagreement between (orthopedic) trauma surgeons regarding 
the syndesmotic injury.9 For example, there is no consensus regarding the optimal size 
and number of screws needed for syndesmotic reduction.3,10 Furthermore, it is unclear 
whether this syndesmotic screw needs to be removed after the syndesmosis has healed or 
removal is only indicated in case of symptomatic implants (e.g. painful implants or restricted 
range of motion).8,10 Retaining the syndesmotic screw requires anatomical fixation of the 
syndesmotic joint as improper fixation may lead to restricted range of motion or implant 
related pain which in turn mandate syndesmotic screw removal.11–13 It is important to note 
that the morphology of the incisura fibularis has been found to be associated with specific 
malreduction patterns.14,15 A shallow incisura is correlated with anterior fibular malreduction 
and a deep incisura predisposed to posterior sagittal plane and rotational malalignment.14 
Currently there is no universally applied method for confirming adequate reduction of 
the syndesmosis. As a result, malreductions may go undetected with possible reduced 
functional outcomes. 
The aim of this paper was to systematically review studies assessing quality of distal 
tibiofibular syndesmosis reduction in order to propose a new universal method for the 
assessment of syndesmotic reduction in acute syndesmotic injuries. Secondary aim was to 
compare functional outcome with anatomical versus non-anatomical reduction.

Methods

This systematic review was performed using the Preferred reporting items for systematic 
reviews and meta-analyses (PRISMA) guidelines.16 A search in the online databases Pubmed, 
Embase and Cochrane library was performed with the help of a clinical librarian using the 
following search-terms; ankle fracture, ankle injurie, distal tibiofibular joint, syndesmos*, 
(mal)reduct*, computed tomograph* and radiograph* (full search strings are available in 
the Appendix). Each search-term was modified to fit use in the different databases. Studies 
were screened by three different independent raters (SD, SvdH & TG) using an online tool 
(www.covidence.org). Discrepancies between the raters were resolved through discussion 
after which consensus was reached. 
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Based on title and abstract articles were eligible for inclusion in the study if: 1) they 
described acute syndesmotic injuries (including simulated injuries), 2) surgical fixation 
of the syndesmosis was performed (metal screw or reduction clamp) and 3) per- and/or 
postoperative imaging was described. The full texts of the included studies were assessed 
and studies were excluded if; 1) no criteria and/or measurements for syndesmotic reduction 
were provided (for example tibiofibular distance was mentioned to be used for assessing 
reduction however the maximum value was not provided), 2) only normative values were 
provided, 3) the study was a review, 4) reduction of the ankle instead of syndesmosis was 
performed, 5) no original data was reported (same cohort reported twice with no new data), 
6) the full text article was not available.
For the included studies the following data was extracted; year of the study, modality used 
for the assessment of quality of reduction, criteria for assessing reduction and if available, 
functional outcome. Furthermore, it was noted how often a method was used by other 
authors to assess reduction. 

Figure 1. Flow-chart of the literature search
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Results

The search was lastly updated on the 4th of January 2018. In total, 2096 articles were found 
of which 736 were duplicates, these were removed. A total of 1360 studies were screened 
for title and abstract after which 1254 studies were excluded. The remaining 106 studies 
were eligible for full-text analysis. Of these 58 were excluded because of the following 
reasons; 1) no criteria and/or measurements for syndesmotic reduction were provided 
(n=20), 2) only normative values were provided (n=4), 3) the study was a review (n=8), 4) 
reduction of the ankle instead of syndesmosis was described (n=13), 5) no original data 
was reported (n=3) or 6) the full text article was not available (n=10) (Figure 1). Fourteen 
studies used plain radiographs for the assessment of quality of reduction, 19 used standard 
computed tomography and five used (intraoperative) 3D CT (some authors studies more 
than one modality, whilst others only cited criteria developed by others).
 
Post-operative plain radiographs
An overview of the studies using plain radiographs for the assessment of quality of reduction 
is depicted in table 1. In total ten different parameters were described. The tibiofibular clear 
space was the parameter included most frequently in criteria for assessing the reduction 
(9 of the included studies). The method by Harper et al.17 was cited the most times (n=3). 
Measurements according to Harper et al existed of; (1) a tibiofibular “clear space” on the 
anterior-posterior and mortise views of less than approximately 6 mm; (2) tibiofibular 
overlap on the anterior- posterior view of greater than approximately 6 mm or 42% of fibular 
width; (3) tibiofibular overlap on the mortise view of greater than 1 mm (Figure 2a and 2b).

Figure 2a and 2b. Measurements according to Harper et al. in anterior-posterior and mortise view

TFCS: tibiofibular clearspace TFO: tibiofibular overlap
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Table 3. Articles assessing reduction on three dimensional reconstructions

Year Fibular 
rotation

Volume of 
syndesmotic 

space

TF overlap Position in 
tibiofibular 

incisura

Medial and 
lateral clear 

space

Trans-
syndesmotic 

angle

Marmor et al.21 2011 ●
Knops et al.42 2013 ●
Franke et al.43 2014 ● ● ●
Schon et al.44 2016 ●
Putnam et al.45 2017 ●
Total 2 1 1 1 1 1

TF = tibiofibular * Number of citations in included studies

Table 4. Functional outcome in patients with anatomical vs non-anatomical reduction

Modality Anatomical reduction Non-anatomical 
reduction

Berkes et al.33 CT 77.3* 66.8* <0.05
Kortekangas et al.38 CT 85^ 68^ NS
Sagi et al.7 CT 46.3^ 72.7^ <0.05
Kotwal et al40 CT 93.1# 88.4# NS
Naqvi et al23 X-ray, CT NP# NP# 0.02
Cherney et al46 CT 62.6 67.5 NS¥

*: FAOS subdomain symptoms, ^: OMAS, #: AOFAS, NS: not significant, NP: not provided ¥: 3 cut off values for 
malreduction described, most liberal cut off depicted here

Computed Tomography
An overview of the studies using CT for the assessment of quality of reduction is depicted 
in table 2. In total twelve different parameters were described. Parameters used the most 
were: anterior TF distance (n=11), posterior TF distance (n=11) and fibular rotation (n=7), in 
12 studies the anatomy was compared to the non-injured contra-lateral side. The method by 
Gardner et al.19 and Nault et al.35 were cited the most (n = 6). Measurements from Gardner 
et al contained the distance between the fibula and the anterior and posterior facets of 
the incisura, Nault added fibular rotation, anterior posterior translation and tibiofibular 
clear space to these measurements. Differences between the anterior and posterior 
measurements of more than 2 mm were considered incongruous.19,35 (Figure 3 and 4)

Three-dimensional (3D) reconstructions of radiographs (3D-CT)
An overview of the studies using 3D reconstructions (in three planes; sagittal, coronal, axial) 
for the assessment of quality of reduction are depicted in table 3. In total six parameters 
were described. 
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Figure 3. Axial CT scans depicting the measurements by Gardner and Pelton
A)Gardner et al and B) Pelton et al

Figure 4. Axial CT scan depicting the measurements by Nault et al

Functional outcome
An overview of the studies using CT for the assessment of relation between functional 
outcome and anatomical vs non-anatomical reduction is depicted in table 4. In total, six 
studies described a relation between functional outcome and malreduction.7,23,33,38,47 Three of 
these found a significant relation between quality of reduction and functional outcome.7,23,33 
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Discussion

The aim of the present study was to systematically review the literature regarding the 
various methods used for assessing the quality of distal tibiofibular syndesmotic reduction. 
Three modalities which are being used for this purpose were identified and included in 
this study; plain-radiography, CT and 3D-CT. In total, thirty-nine studies were included and 
a total of 28 different parameters were identified (plain radiographs (10), CT (12) and 3D-
CT (6)). In addition, six studies investigated the relation between functional outcome and 
malreduction. 
The results of this study show that CT was the most used modality (n= 19), followed by 
plain radiography (n= 14) and 3D-CT (n= 5). Tibiofibular clear space (n=9) and medial clear 
space (n=8) where the most used parameters for plain radiography. Anterior tibiofibular 
distance (n= 11) and posterior tibiofibular distance (n= 11) where the most frequently used 
parameters for CT. Fibular rotation (n=2) was used the most times for 3D-CT.
Prior studies have noted that plain-radiography is not sufficient for an accurate diagnosis of 
syndesmotic reduction.19,48–50 Gardner et al found that CT detected significantly more (52%) 
syndesmotic malreductions compared to standard postoperative radiographic measurements 
(24%).19 In addition, Ebraheim et al. showed that CT is more sensitive in detecting minor 
degrees of syndesmotic injuries compared to plain radiography.50 Furthermore Garner et 
al. showed that the intra- and interobserver variability was low for plain radiographs in the 
assessment of ankle fracture reduction.51 This is conceivable as cut off values of 1-2 mm 
are proposed which may be very difficult to accurately measure on plain radiographs. CT is 
therefore thought to be superior to plain-radiography, it has however the disadvantage that 
in most hospitals this modality is not available intraoperatively. This means that syndesmotic 
malreduction may only be detected postoperatively demanding a re-operation.
Intraoperative 3D reconstructions of radiographs may offer a solution to this problem. A 
small number of studies suggest that 3D-CT is more accurate in detecting reduction of 
the syndesmosis compared to plain-radiography. Franke et al. describe that intraoperative 
three-dimensional scan altered the surgical outcome in 82 (out of 251) ankles (32.7%).52 
Three dimensional reconstructions of radiographs have proved to be most helpful in 
intraoperative recognition of inadequate reduction53 they are however not widely available 
and therefore these results are of doubtful clinical relevance.
Twelve of the 15 studies performed a bilateral CT scan for direct comparison between the 
uninjured and surgically treated sides. This is of additive value in improving the accuracy of 
syndesmotic reduction as the anatomy may differ in each patient. Recent studies found that 
there is an anatomical variation in the shape of the incisura fibularis.14,15,22,54 Surprisingly, 
imaging of both ankles was performed in only one study that used plain radiography. Surgeons 
should be aware of possible variations and therefore both ankles should be visualized. In 
addition, Shah et al. showed that it is more effective to compare the syndesmosis with the 
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uninjured ankle instead of comparing the syndesmosis with normative values based on the 
general population.55 Furthermore for adequate reduction, fibular length is essential.56 
There seems to be a negative relationship between functional outcomes and malfunction. 
Weening et al.8 found that the only significant predictor of functional outcome was 
reduction of the syndesmosis. The results of this study are in line with those of previous 
studies suggesting a negative relation between malreduction and functional outcome. 
There are several limitations to our study. A large number of different parameters was used 
in the included studies with different cut off values making interpretation of the results 
difficult and a planned meta-analysis impossible. In addition, only a few articles studied 
the relation between functional outcome and reduction of the syndesmosis which could 
provide more insight which parameters are clinically relevant. 
Despite the fact that a meta-analysis was not possible some recommendations based on the 
results can be made. We believe CT is superior to plains radiographs and in case of doubtful 
reduction a CT should be made. Furthermore both ankles should be visualized in all cases to 
assess any possible anatomical variations. Criteria for reduction of the syndesmosis should 
include at least 1) position of the fibula in the incisura, 2) fibular rotation and 3) fibular 
length. We propose this to be measured through anterior tibiofibular distance, posterior 
tibiofibular distance, fibular rotation and fibular length all equaling or at least approaching 
the values of the uninjured contralateral side. By imaging the contralateral side strict cut 
off values are redundant, the anatomy of the syndesmosis on the injured side should 
approximate the uninjured side. This technique also has the advantage that it can be applied 
using all modalities. 

Conclusions 

In conclusion, our findings suggest that an CT is superior to plain-radiography in the 
assessment of the quality of syndesmotic joint reduction. Criteria for adequate reduction 
should at least include position of the fibula in the incisura, rotation of the fibula and 
adequate fibular length. We propose this to be measured through anterior tibiofibular 
distance, posterior tibiofibular distance, fibular rotation and fibular length all equaling or at 
least approaching the values of the uninjured contralateral side.
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Abstract

Aims – In approximately 20% of patients with ankle fractures, there is a concomitant injury 
to the syndesmosis which requires stabilisation, usually with one or more syndesmotic 
screws. The aim of this review is to evaluate whether removal of the syndesmotic screw is 
required in order for the patient to obtain optimal functional recovery.

Materials and Methods – A literature search was conducted in Medline, Embase and 
the Cochrane Library for articles in which the syndesmotic screw was retained. Articles 
describing both removal and retaining of syndesmotic screws were included. Excluded 
were biomechanical studies, studies not providing patient related outcome measures, case 
reports, studies on skeletally immature patients and reviews. No restrictions regarding year 
of publication and language were applied.

Results – A total of 329 studies were identified, of which nine were of interest, and another 
two articles were added after screening the references. In all, two randomised controlled 
trials (RCT) and nine case-control series were found. The two RCTs found no difference in 
functional outcome between routine removal and retaining the syndesmotic screw. All but 
one of the case-control series found equal or better outcomes when the syndesmotic screw 
was retained. However, all included studies had substantial methodological flaws.

Conclusions – The currently available literature does not support routine elective removal 
of syndesmotic screws. However, the literature is of insufficient quality to be able to draw 
definitive conclusions. Secondary procedures incur a provider and institutional cost and 
expose the patient to the risk of complications. Therefore, in the absence of high quality 
evidence there appears to be little justification for routine removal of syndesmotic screws.
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Introduction

Ankle fractures are common, with an incidence of 100.8 per 100 000 people per year in the 
United Kingdom.1 In the Netherlands it is estimated that more than 25 000 people suffer 
from an ankle fracture each year and the incidence is rising worldwide.2,3 In general, younger 
people are more at risk of ankle fractures because of a more active lifestyle while the elderly 
are also at risk because of poorer bone quality especially when combined with increased 
physical activity.1,4,5 Approximately half of the patients with an ankle fracture require surgical 
treatment because of joint instability or incongruence.6 In about 20% of ankle fractures 
there is a concomitant injury of the syndesmosis requiring stabilisation.7 There have been 
numerous studies regarding the placement of syndesmotic screws, including the optimal 
number of screws, their diameter, the level of placement and whether they should engage 
three or four cortices, but the results are inconclusive.6,8–10

Usually after a period of eight to 12 weeks the syndesmosis is considered to have healed 
and the screw is no longer necessary.11 There is however controversy about the best time 
to remove this screw. During normal walking the fibula rotates and the syndesmosis widens 
due to the talus being shaped like a truncated cone.12–15 The presence of the screw may 
restrict this motion. Removal after eight to ten weeks has been advocated in order to allow 
free movement and to minimise the chance of screw breakage.10,16–19 However, several 
reports have described similar outcomes in patients in whom the syndesmotic screws were 
either retained or removed.20–22

The aim of this review was to analyse the functional outcomes in adult patients with unstable 
ankle fractures, for whom syndesmotic screws were inserted and were either subsequently 
retained or removed.

Patients and Methods

This systematic review was conducted on the 22 December 2015 using the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses guidelines.23 The following databases 
were searched: Medline (PubMed), Embase and the Cochrane library. Search-terms used 
were: Ankle fractures; Ankle injuries; Bone screws; Syndesmo*; Transsyndesmos*; Device 
removal; Reten*; Retain*; Hold*; Preserve*. (Full search strings are available online in the 
supplementary material). No restrictions regarding year of publication or language were 
applied. Any article in a foreign language in which none of the authors was proficient was 
translated.24 All titles and abstracts were reviewed by two independent readers (SD, TS) using 
Covidence.25 An article was found eligible when it concerned ankle fractures, syndesmosis 
injuries, placement of a syndesmotic screw and the removal and retention of the syndesmotic 
screw. Based on the title and abstract, a list of full text articles was created. These articles 
were further evaluated and were excluded if they were biomechanical studies, had no 
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patient related outcome measure (PROM), were case reports, were on skeletally immature 
patients, or were reviews. When there was any discrepancy between the two reviewers 
consensus was reached after discussion. Subsequently the references of all included articles 
were examined to search for additional relevant studies. The Oxford Level of Evidence 
criteria were used to assess the level of evidence.26 To evaluate the methodological quality 
of the randomised controlled trials (RCT), the Cochrane tool was applied.27 Using this tool, 

Figure 1. Flow-chart of the literature search 

PROM: patient related outcome measure



Should syndesmotic screws be removed after surgical fixation of ankle fractures | 125

8

studies are screened on seven domains. The reviewer can award three levels of bias to each 
domain for each study; low risk of bias, high risk of bias or unclear risk of bias. Studies where 
the first three domains have a low risk of bias and no important concerns related to the last 
four domains are classified as low risk of bias studies. In studies where a maximum of two 
domains are scored as high risk of bias or unclear risk of bias, are classified as studies with 
moderate risk of bias. In the case of three domains or more scoring a high risk of bias or 
unclear risk of bias, studies are classified as having a high risk of bias. For the assessment 
of non-randomised studies we have used the MINORS criteria as proposed by Slim et al.28 
Using this classification, studies are scored on 12 different domains. For each domain, 
studies can receive; 0 points (not reported), 1 point (reported but inadequate) or 2 points 
(reported and adequate). The lower the number of points a study is awarded, the lower 
the methodological quality of the study and vice versa. When necessary, groups of patients 
within studies were combined (i.e. patients with broken/loose screws and patients with in 
situ intact screws) and new weighted means and standard deviations (SD) were calculated 
using Review Manager (Cochrane Collaboration, version 5.2, London, United Kingdom). The 
independent t-test was used to compare the new groups. A p-value < 0.05 was considered 
statistically significant.

Results

The search produced a total of 457 articles, of which 128 were duplicates and were 
removed. A total of 329 articles remained to be reviewed for title and abstract, after which 
303 articles were eliminated. Of the remaining 26 articles, another 17 were excluded after 
reading the full text (Fig. 1). Reasons for exclusion were; biomechanical studies,29,30 no 
PROMs reported,31–4131-41 case reports,42 reviews.43,44 After screening the references of the 
included articles, two articles were added,20,45 leaving a total of 11 articles to be included in 
this systematic review.
Of the 11 articles found there were two RCTs45,46 and nine non-randomised 
studies.6,16,20,21,24,37,47–49 The two RCTs were level of evidence IIb (low-quality RCTs) and the 
remaining nine studies were level of evidence level IV (case series, poor quality cohort and 
case-control studies) (Table I). In the RCT by Boyle et al patients were randomised between 
routine removal and the retaining of the syndesmotic screw after fixation of an unstable 
ankle fracture.46 A total of 51 patients were included and the primary outcome measure was 
the Olerud-Molander score (OMAS).50 Secondary outcome measures were the American 
Orthopaedic Foot and Ankle Society Hindfoot scale (AOFAS),51 pain, range of movement 
and loss of reduction. All patients included had one 4.0 mm quadricortical screw which was 
then removed at three months post-operatively (in the case of routine removals). At follow-
up one year post- operatively, no outcome measure significantly differed between the two 
groups (routine removal versus retaining the syndesmotic screw: mean OMAS 85.8 (SD 13.2) 
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Figure 2. Cochrane’s tool for the assessment of risk of bias

Figure 3. Methodological index for non-randomised studies criteria for methodological quality.
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versus 83.5 (SD 19.8); p = 0.631, independent t-test). There were concerns regarding the 
methodological quality of the data (Fig. 2). A total of 21 (29.2%) of the randomised patients 
were not available for follow-up which might have introduced selection bias. Furthermore 
a post hoc power analysis revealed that at least 35 patients were needed in each group 
to demonstrate non-inferiority between the two groups, which was not reached (Fig. 2). 
A RCT by Høiness and Strømsøe of 64 patients divided into those receiving one 4.5 mm 
quadricortical screw followed by routine removal, and those who had two 3.5 mm tricortical 
screws which were retained.45 Using the primary endpoint of the OMAS and the secondary 
endpoints as range of movement and loss of reduction after one year revealed no sig- 
nificant difference in the mean OMAS after one year (routine removal versus retaining the 
syndesmotic screw; 83.3 (SD 18.6) versus 88.8 (SD 14.6); p = 0.192, independ- ent t-test). 
There are concerns regarding the methodological quality of the study. First of all, the two 
groups did not receive the same initial treatment which may represent a confounding bias. 
In addition, the randomisation process was not adequately reported (Fig. 2). The results 
of the non-randomised trials are shown in Table I. Most of the papers demonstrated an 
equal6,16,20,24,47–49 or better21 functional outcome following retaining the syndesmotic screw, 
but there were also concerns regarding the methodological quality of this study (Fig. 3). A 
meta-analysis considering the PROMs was deemed not possible due to the heterogeneity 
of the data.

Discussion

The literature shows that there is no significant difference in functional outcome between 
patients undergoing routine syndesmotic screw removal and those in whom a syndesmotic 
screw is left in situ or only removed on request. We have identified two RCTs which both 
showed no significant difference in functional outcome between the two treatment 
strategies.45,46Furthermore, we found nine case control-series, of which all but one did 
not report any significant benefit in terms of functional outcome following removal of the 
screw.6,16,20,24,47–49,52

The quality of the studies included in the analysis is how- ever imperfect and the results 
should be interpreted with caution. The two RCTs were found to have flaws. Boyle et al’s46 
study was possibly underpowered and a large number of patients were lost to follow-up. 
In the study by Høiness and Strømsøe,45 the two groups were not comparable as different 
sizes and numbers of screws were used. Neither of these two randomised studies showed 
any clinical difference between routine removal and retained screws. Moreover, almost all 
of the case-control series showed no clinical difference or better outcomes in patients with 
retained screws. Manjoo et al have though reported a potential benefit of routine removal 
of the screw.53 However, they compared 20 intact screws with 44 loose or broken screws 
in 12 patients in whom the screws were removed, which was different to the groupings 
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described in other studies. Based on this report it not possible to draw any conclusion as to 
whether routine removal is beneficial as broken or loose screws are reported to have done 
just as well. There was one study which compared functional outcome before and after 
removal of syndesmotic screws and a significant benefit of screw removal was reported.19 
Interpreting the results of this study was difficult though, because there was no control 
group and a locking screw through a locking plate was used which is a more rigid construct 
compared with regular syndesmotic screws. In our review, loosening or breakage of the 
screw occurred in 15% to 69% of the patients with retained screws, although loosening in up 
to 91% of patients has been reported in the lit- erature.54 This is relevant as several authors 
have shown that patients in whom the syndesmotic screw had broken or became loose 
fared best.21,48,50 Interestingly, Song et al noted in their study that 36% (nine out of 25) of 
patients had evidence of a malreduced syndesmosis following fixation and eight out of nine 
of these malreductions spontaneously reduced following syndesmotic screw removal.55 It is 
possible that if a screw breaks or loosens the malreduction is corrected which improves the 
outcome without the need of screw removal. It is also possible that removal of a screw is 
only indicated in patients with ankle pain due to a prominent screw or where reduced range 
of movement or mal- reduction is attributable to the presence of an intact screw. Removal 
of the syndesmotic screw is not straight- forward. High rates of complications have been 
reported following removal of the metalwork,33,53–59 especially in patients who sustained a 
post-operative wound infection at the initial fixation, as they have been shown to have a 
worse outcome when compared with patients without infection.60–62 There are two studies 
which have reported widening of the tibiofibular space after syndesmotic screw removal, 
however no detrimental functional effect was demonstrated.32,35

A number of other devices are currently available to treat a syndesmosis injury but were 
not part of our evaluation. A total of two RCTs have compared the Tightrope (Arthrex, 
Naples, Florida) suture button device with regular syndesmotic screws.63,64 Kortekangas et 
al compared the accuracy and maintenance of reduction, functional outcome and degree 
of osteoarthritis (OA) at two year follow-up.63 They did not find any significant difference 
in the number of malreduced syndesmoses, functional outcome, the extent of OA or the 
number of secondary procedures between the two treatment groups. Laflamme et al 
reported a statistically significant difference in functional outcome in favour of the Tightrope 
at a one year follow-up, but the difference was not clinically relevant.64 However, they did 
find a significantly higher rate of secondary procedures in the syndesmotic screw group.64 
Schepers reported that the removal rate after the use of a suture button device was around 
10%, although others have recorded up to 25% removal rate.9,65,66 Schepers also found that 
the functional outcome in patients treated with a suture button device and those
with conventional syndesmotic screws was equal, which has also been reflected in 
other studies.63,67,68 Van der Eng, Schep and Schepers failed to show any reduction in the 
complication rate in patients treated with bioabsorbable screws compared to metallic 
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screws.69 Furthermore, in a RCT, Sun et al did not find a significant difference in functional 
outcome between patients treated with metallic screws compared with patients treated 
with bioabsorbable screws.70

There are several limitations to our study. A planned meta-analysis was not possible due 
to the heterogeneity of the data. It might have been that by pooling studies significant 
differences would have been found which would have enabled definitive conclusions to be 
drawn. Also in this systematic review the adult population as a whole was described and 
it is possible that certain subpopulations (e.g. young active patients with high demands in 
sporting activities) might benefit from routine removal of the screw.
A financial cost is incurred both at the time of screw removal41 (mean price of syndesmotic 
screw removal is €1500 in the Netherlands), and in the course of treating any complications 
that may arise from this procedure. This is without any consideration of the cost of the loss 
of income from elective removal of the screw.
In conclusion, the current literature does not provide any evidence to support routine 
removal of syndesmotic screws with regard to functional outcome. Moreover, there is a 
clear evidence of morbidity and financial costs for such a policy. We believe that a study 
with appropriate power and full cost analysis would be required in order to justify routine 
screw removal.
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Abstract

Background – Syndesmotic injuries are common and their incidence is rising. In case of 
surgical fixation of the syndesmosis a metal syndesmotic screw is used most often. It is 
however unclear whether this screw needs to be removed routinely after the syndesmosis 
has healed. Traditionally the screw is removed after six to twelve weeks as it is thought to 
hamper ankle functional and to be a source of pain. Some studies however suggest this is 
only the case in a minority of patients. We therefore aim to investigate the effect of retaining 
the syndesmotic screw on functional outcome. 

Design – This is a pragmatic international multicentre randomised controlled trial in patients 
with an acute syndesmotic injury for which a metallic syndesmotic screw was placed. 
Patients will be randomised to either routine removal of the syndesmotic screw or removal 
on demand. Primary outcome is functional recovery at 12 months measured with the 
Olerud-Molander Score. Secondary outcomes are quality of life, pain and costs. In total 194 
patients will be needed to demonstrate non-inferiority between the two interventions at 
80% power and a significance level of 0.025 including 15% loss to follow-up.

Discussion – If removal on demand of the syndesmotic screw is non-inferior to routine 
removal in terms of functional outcome, this will offer a strong argument to adopt this as 
standard practice of care. This means that patients will not have to undergo a secondary 
procedure, leading to less complications and subsequent lower costs.

Trial registration – This study was registered at the Netherlands Trial Register (NTR5965), 
Clinicaltrials.gov (NCT02896998) on July 15th 2016. 
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Background

Ankle fractures are among the most common fractures. It is estimated that the incidence 
of ankle fractures ranges from about 25000 in the Netherlands to more than five million 
people in the United States annually and the incidence is rising.1,2 Both young and elderly 
people are at risk for these fractures. In general, younger people are more at risk as a 
result of a more active lifestyle and elderly people because of poorer bone quality.2,3 
Approximately half of the patients with an ankle fracture require surgical treatment 
because of joint instability. In approximately 20% of these fractures there is a concomitant 
injury of the syndesmosis and syndesmotic repair is indicated. 5 After anatomical reduction 
a syndesmotic ‘positioning screw’ is placed through the fibula into the tibia to maintain 
this reduction and allow the syndesmotic ligaments to heal. Extensive research has been 
conducted regarding the technical aspects of the placement of the syndesmotic screw. For 
example, the number of screws, their diameter, the level of placement and whether they 
should engage three or four cortices have been investigated thoroughly.4–8 After a period of 
8 – 10 weeks the syndesmosis will generally be healed and the screw will lose its function. It 
is an ongoing discussion whether the syndesmotic screw needs to be removed subsequently. 
Most surgeons advocate its removal because of suspected impaired range of motion and 
chance of breakage of the screw.7,9–11 During normal ambulation the fibula moves and the 
syndesmosis widens12,13. The positioning screw is thought to restrict this movement and 
the screw is therefore removed. However, several case series have shown similar outcomes 
in patients in which the syndesmotic screw was retained compared to patients in whom 
the syndesmotic screw was removed.14–16 The positioning screw is most likely not causing 
complaints in patients with retained screws because of loosening or breakage of the 
screw.14,17,18 In a recent systematic review there seemed to be no significant difference in 
functional outcome between patients undergoing routine removal and patients in whom 
the syndesmotic screw was only removed in case of symptomatic implants. 19 However, this 
was only based on one underpowered RCT and several low-quality case-series and therefore 
high-quality evidence on this subject is desirable.
We therefore initiated a randomized controlled trial in which we aim to investigate the 
effect of ‘removal of demand’ of the syndesmotic screw(s) compared to ‘routine removal’ 
on functional outcome. Furthermore, we will investigate the economic effect of leaving the 
syndesmotic screw(s) in place.

Design

This pragmatic international multicentre randomised controlled trial will randomise 
between routine- and on demand removal of the syndesmotic screw(s) after placement 
for a traumatic syndesmotic injury (both isolated syndesmotic injuries and concomitant 
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syndesmotic injuries in ankle fractures). Both teaching and non-teaching hospitals will 
participate in this study including three academic Level 1 trauma centres in Europe. An 
overview of participating centres is shown in table 1.

Table 1. Participating centres 

Academic Medical Centre* Amsterdam, the Netherlands
BovenIJ Hospital Amsterdam, the Netherlands
Catharina Hospital Eindhoven, the Netherlands
Deventer Hospital Deventer, the Netherlands
Flevo Hospital Almere, the Netherlands
Haaglanden MC The Hague, the Netherlands
Helsinki University Hospital* Helsinki, Finland
Jeroen Bosch Hospital ‘s-Hertogenbosch, the Netherlands
Maasstad Hospital Rotterdam, the Netherlands
Noordwest Hospital Group Alkmaar, the Netherlands
OLVG Amsterdam, the Netherlands
Slotervaart Hospital Amsterdam, the Netherlands
Spaarne Hospital Amsterdam, the Netherlands
VU University Medical Centre* Amsterdam, the Netherlands
Westfries Hospital Hoorn, the Netherlands

*level 1 trauma centres

Participants

The eligible study population will consist of consecutive adult patients with a traumatic 
syndesmotic injury. 

Inclusion criteria
• Placement of one or two metallic syndesmotic screw(s) for an unstable ankle fracture 

with a syndesmotic injury or an isolated syndesmotic injury
• Syndesmotic screw(s) placed within two weeks of the trauma
• Physical condition allows the patient to undergo an elective second procedure (i.e. 

removal of the screw).

Exclusion criteria
• ISS score >15
• Injuries to the ipsi- and contralateral side which may hamper rehabilitation
• Other medical conditions which hamper physical rehabilitation (i.e. musculoskeletal 

disabilities or severe psychological conditions)
• Insufficient understanding of the Dutch or English language.
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Interventions
Patients will be informed about the study by their treating physician following the 
procedure in which the syndesmotic screw was placed. After this, patients are contacted 
by the coordinating investigator to request participation in the study. After obtaining signed 
informed consent patients will be randomly assigned in a 1:1 allocation ratio to one of the 
following groups:

1. Control group: Routine removal of the syndesmotic screw(s) 8 – 12 weeks following the 
index procedure

 or 

2. Intervention group: On demand removal of the syndesmotic screw(s)

Patients in the control group will undergo routine removal of the syndesmotic screw 8 – 
12 weeks post-operatively (according to the preference of the treating surgeon). Patients 
will not undergo routine removal in case of 1) a contra-indication for undergoing a second 
procedure for example due to a (new) medical condition or 2) explicit request of the patient 
after consultation of their treating surgeon. In the intervention group the screw will only be 
removed in case of symptomatic implants, defined as: 1) implants causing pain, 2) implants 
(suspected of) causing restricted range-of-motion 3) explicit request of the patient 4) an 
infection or 5) other problems related to the screw such as protruding screw-head. The 
screw will only be removed after a consultation of the treating surgeon (except in patients 
who wish to no longer participate in the study). In patients in the control group in whom the 
syndesmotic screw brakes prior to planned removal, the screw will be left in place and only 
removed in case of symptoms.

Study procedures
This study is a pragmatic trial, which implies physicians are allowed to follow local guidelines 
concerning the treatment of these injuries apart from the intervention investigated. 
Participating centres are however informed that the preferred surgical technique is a 
tricortical 3.5mm diameter screw between 2 and 4cm of the pilon. If a large reduction clamp 
is used, the preferred technique is the use of a temporary K-wire as ‘glide path’22. Besides 
this, participating centres are allowed to choose their own postoperative treatment routine: 
for example in the use of a cast, non-weight bearing regime and timing of syndesmotic 
screw removal (within the predefined time window). At three months following the index 
procedure, patients are assessed at the outpatient clinic. Patients are instructed to visit the 
outpatient clinic sooner in case of any signs of a POWI: warmth, redness, pain, drainage 
or a fever above 38.5 degrees Celsius. During the visit to the outpatient clinic the patients 
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are seen by their treating physician and the coordinating investigator. The coordinating 
investigator will document signs of POWI and will determine its presence or any special 
findings on physical examination. Furthermore, patients are requested to fill out several 
questionnaires (Table 1). At the six and 12 months follow-up, patients are requested to fill 
out the same questionnaires and the range-of-motion is measured. Follow-up will take place 
within a window of 2 weeks of the projected follow-up moment. 

Table 2. Time table and follow-up schedule 

 
RODEO-trial

 
Enrollment

Randomization / 
Allocation Follow-up

TIMEPOINT
Post-

operatively
8 – 12 weeks  

post-operatively
3 months 

Post-operatively
6 months  

Post-operatively
12 months 

Post-operatively

Enrollment
Eligibility screening X
Informed Consent X
Intervention
Removal of syndesmotic 
screw (according to 
randomization)

X

Assessment
Plain radiographs X X
OMAS X X X
Visual analogue pain scale (VAS) X X X
Range-of-Motion X X X
POWI X
AOFAS X X X
EQ-5D-5L X X X
i-MCQ X X X
i-PCQ X X X

OMAS: Olerud Molander score, POWI: postoperative woundinfection AOFAS: American Orthopedic Foot and Ankle 
Hindfoot Score iMCQ: Medical Consumption Questionnaire iPCQ: Productivity Cost Questionnaire

Randomisation
Randomisation will be stratified by centre and age category (i.e. ≥ 60 years and < 60 
years). Randomisation will be blocked within strata. Randomisation sequence is generated 
by a dedicated computer randomisation software program (CASTOR®, Amsterdam, The 
Netherlands), ensuring allocation concealment. Randomisation will mostly be performed 
at the outpatient clinic by coordinating investigator using a dedicated, password protected, 
SSL–encrypted website. 
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Primary Outcome
The primary outcome parameter is functional outcome 12 months following the index 
procedure measured with the Olerud-Molander ankle score (OMAS) (Table 2). To be able 
to assess the Minimally Clinical Important Difference of the OMAS, anchor questions will be 
added to the OMAS at six and 12 months as described by Walenkamp et al.20

Secondary Outcomes
Secondary outcome measures of the study are: 
• Functional outcome with the American Orthopedic Foot and Ankle Hindfoot Score 

(AOFAS)21

• Pain as measured by a ten-point Visual Analog Scale.
• Range of motion, both absolute and as a percentage compared with the uninjured side.
• Postoperative wound infections classified using the criteria as defined by The Centers for 

Disease Control and Prevention (CDC-criteria)22

• Synostosis or recurrent diastasis (as seen on radiographs made in case of symptoms)
• Health-related quality of life as measured by the EQ-5D-5L questionnaire.23

• Health care resources utilization (including amongst others; number of visits to the 
general practitioner and use of home care organizations) as measured by way of a 
combination of the Dutch/English iMTA Medical Consumption Questionnaire (iMCQ) 
and iMTA Productivity Cost Questionnaire (iPCQ) (only applicable for the Dutch study 
population). 

• Costs (economic evaluation including budget impact analysis): the economic evaluation 
of the RODEO-trial will be performed as a cost-effectiveness (CEA) as well as a cost-utility 
(CUA) analysis (only applicable for the Dutch study population).

Furthermore, general demographics will be assessed such as age, gender, body mass index, 
co-morbidities, American Society of Anesthesiologists (ASA) classification, substance abuse, 
level of activity, bone mineral density (when available), fracture characteristics, surgical 
characteristics, duration of non-weight bearing period and use of physiotherapy. 

Sample size
We based our sample size calculation on a non-inferiority design. The Olerud-Molander 
score (OMAS) will serve as primary outcome measure. We have used the results from an 
earlier study on this subject for our sample size calculation.24 For the sample size calculation 
we hypothesized an equal OMAS between the two groups. Using a one-sided significance 
level (α ) of 0.025 and a power (ß) of 90% with a standard deviation (SD) of 19 points (derived 
from the study mentioned before) and setting our non-inferiority limit at 10 a total of 76 
patients are needed in each study arm. Taking a 10% loss to follow-up into account, a total 
number of 167 subjects will be needed to demonstrate non-inferiority between the two 
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treatment strategies. Furthermore, we performed a sample size calculation for a subgroup 
analysis based on age. We hypothesize that the SD will be lower in these subgroups due to 
increased homogeneity, therefore we have used an SD of 16 for the sample size calculation 
of the subgroups. Using a significance level (α) of 0.05 and a power (ß) of 90%, 88 patients 
are needed in each subgroup to prove non-inferiority. Taking 10% loss to follow-up into 
account a total of 193 patients need to be randomized. 

Statistical analysis
The primary endpoint will be analysed according to the intention-to-treat and the per-
protocol principle, non-inferiority will only be declared if both types of analysis prove 
non-inferiority. The primary endpoint will be analysed using a one-sided test for non-
inferiority with an alpha of 0.025. Descriptive methods will be used to assess quality of data, 
homogeneity of treatment groups and endpoints. Normality of the data will be analysed by 
visually inspecting the histograms. Secondary outcomes will be analysed using either a t-test 
or Mann-Whitney U test for continuous data according to the distributing of the data and a 
Chi Square test for categorical data. Missing data will be handled through multiple imputation 
with predictive mean matching. All analyses will be performed using the standard statistical 
software. Separate analyses will be performed on subgroups based on age. A multivariable 
analysis will be performed to identify predictors of worse functional outcome.
The CEA and CUA will be performed on the intention to treat data, with a time horizon 
of twelve months and from a societal perspective. The primary economic outcomes are 
the costs per quality adjusted life year (QALY) and the costs per point functional recovery 
improvement. Moreover, a budget impact analysis (BIA) will be performed with a time 
horizon of four years. The questionnaires estimating the secondary outcome measures 
‘resources utilization’ and ‘costs’ will only be used in patients included in the Netherlands 
due to practical feasibility and to ensure a valid outcome. 

Recruitment and consent
The patient will be informed about the RODEO-trial following placement of a syndesmotic 
screw or when he or she visits the outpatient clinic following surgery and is provided with 
the patient information letter. Patients will have a minimum of two days to decide whether 
they want to participate or not in the study. For patients recruited directly postoperatively 
this means they can be included upon their first visit at the outpatient clinic. For patients 
who are informed for the first time at the outpatient clinic the coordinating investigator will 
contact them by phone (if the patient agrees to be contacted by phone by the coordinating 
investigator). Randomisation will take place after they have returned the signed informed 
consent forms. 
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Benefits and risks assessment, group relatedness
A recent systematic review suggests that our intervention is safe and has similar functional 
outcome compared to the routine removal.19 Subjects will not undergo additional 
investigations and interventions due to participation in the RODEO-trial and therefore risks 
to subjects involved in this trial are at least similar to current practice. Potential benefits for 
subjects in the investigational treatment arm could be a lower risk of surgical site infections 
and not having to undergo a secondary procedure.

Indemnities
The institutional review board at the AMC has waived liability insurance, because no 
additional risk can be attributed to participation in this study.

Publication plan
The principal investigator, the study designer and the study coordinator will be named 
author. All others will obtain group authorship in the study group. All authors including group 
members are allowed to present the results after approval of the principle investigator.

Discussion

Displayed above is the protocol for an adequately powered study investigating the difference 
in routine removal versus removal on demand of the syndesmotic screw in ankle injuries. 
This will be the first RCT able to prove whether a statistically significant and clinically relevant 
difference exists. 
Since this is a pragmatic trial, surgeons are allowed to choose their own postoperative 
treatment routine. This, combined with the 15 participating centres will result in a variation 
in for example the use of a cast, the duration of non-weight bearing mobilisation and a 
minor variation in the timing of the removal of the syndesmotic screw. However, we believe 
that this situation accurately reflects daily practice, considering that slight variations in post-
operative treatment regimens are inevitable. 
The inclusion of the University Hospital Helsinki makes this trial international. This 
greatly improves the external validity of the trial. Not all secondary outcome measures 
can be used in an international setting. The budget impact analysis and the health care 
resources utilization for example can only be used for patients in the Netherlands. This is 
due to practical feasibility but also to ensure a valid outcome. When the same (translated) 
questionnaire would be used in patients in Finland, results would not be extractable since 
the costs of healthcare (e.g. a surgical procedure or a visit to the physiotherapist) will not 
likely be the same as in the Netherlands. However, the participation of a hospital outside 
of the Netherlands will give us more insight in how to implement the results not just in the 
Netherlands, but in the rest of Europe as well. 
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If this trial proves that removal on demand is indeed non-inferior to routine removal of the 
syndesmotic screw(s) in terms of functional outcome, this will offer a strong argument to 
adopt this as standard practice of care. It would mean that patients will not have to undergo 
a secondary procedure, leading to less complications and subsequent lower costs. 

List of abbreviations used 
CEA; cost-effectiveness analysis, CUA; cost-utility analysis, EQ-5D; EuroQuality of Life-
5D, iMCQ; iMTA Medical Consumption Questionnaire, iPCQ; MTA Productivity Cost 
Questionnaire, N; Number, NA; not available, POWI; postoperative wound infection, RCT; 
randomised controlled trial, QALY; quality adjusted life year
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Summary and Future perspectives

Part 1 

Complications in lower extremity surgery
In chapter 1 we have investigated normative values for the Lower extremity Functional 
Scale (LEFS). We have observed high normative values for the general population, median 
77 (out of 80). Men scored statistically significantly better compared to women (78 versus 
76 respectively). Furthermore the LEFS score was statistically significantly associated with 
age, daily activities and a history of lower extremity surgery. Interestingly LEFS score was not 
statistically significantly correlated to socio-economic status. Although we have been able to 
collect data from a large sample it is unclear whether this large sample was representative 
for a ‘ normal’ Dutch population. For studies after normative values it is not possible to 
perform a sample size calculation and although we have tried to balance the number of 
men and women and age categories we cannot ascertain ourselves that we have obtained a 
representative sample. Especially as our respondents were outpatient clinic visitors, it might 
be that the respondents were suffering from diseases which negatively influenced their 
lower extremity function. However as we excluded respondents who were being treated 
for a lower extremity condition at that moment and also included accompanying persons of 
patients we feel we have obtained a representative sample. The results of this study can be 
used for the interpretation of study results and in the evaluation of treatment of patients. 
In chapter 2 the results of the WIFI-trial are depicted. In this trial we investigated whether 
a single dose of antibiotic prophylaxis was beneficial for preventing surgical site infections 
in patients undergoing implant removal below the level of the knee. In this study we found 
that a single dose of antibiotic prophylaxis was not statistically significantly associated with 
a lower incidence of surgical site infections (SSI). In total, out of 477 patients, 66 patients 
(14.0%) developed a surgical site infection(SSI). Thirty Patients (13.2%) suffered from a SSI 
in the antibiotic group versus 36 patients (14.9%) in the control group. Eight deep surgical 
site infections occurred, one in the antibiotic group and seven in the control group, this 
difference was not statistically significantly different. Abuse of alcohol was the only factor 
statistically significantly associated with the development of a surgical site infection. Patients 
who had suffered from a surgical site infection following osteosynthesis did not benefit from 
a single dose of pre-operative antibiotics. No statistically significant differences between the 
two groups in terms of quality of life, functional outcome and satisfaction with treatment 
were observed. The high rate of surgical site infections is remarkable and in contrast to 
our hypothesis, antibiotic prophylaxis did not lower this rate. It must be noted that this 
high rate may partly be explained by the low threshold for diagnosing a superficial surgical 
site infection. Whenever a physician started antibiotic treatment a patient was scored 
as a superficial SSI. This means that some of the superficial SSIs may actually only have 
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been cases of local redness or wound dehiscence without an infection present. However 
as this will have affected both groups equally it will not have influenced the conclusion 
of the study. Furthermore there are doubts whether the dosage of 1gram was sufficient 
as it is currently common practice to administer 2grams of Cefazoline. Although evidence 
for this practice is lacking it could have influenced our results and therefore future studies 
could focus on whether antibiotic prophylaxis is beneficial in higher doses. In chapter 3 we 
have presented the results of the NEWTON-trial, a prospective case-series after the effect 
of applying prophylactic negative pressure wound therapy in major foot and ankle surgery. 
Patients in this study were matched to a historical cohort to allow direct comparison. In 
53 patients in the case-series, four (7.5%) surgical site infections occurred, two superficial 
(3.3%) and two (3.3%) deep infections. For 47 patients in the case-series a match from the 
historical cohort was available. The incidence of surgical site infection did not statistically 
significantly differ between the prospective cohort and retrospective matched cohort (4.3% 
versus 14.9% respectively). This study was however designed as a pilot study and as a result 
of this it is underpowered. A post-hoc power analysis revealed that in total, 236 patients 
would have been necessary to demonstrate a statistically significant difference between the 
two groups. Furthermore for three of the patients in the case-series no match was available, 
interestingly two of these patients developed a SSI which should be kept in mind when 
interpreting the results of this study. The results are nevertheless promising and a new study 
with adequate power could provide more insight in the added value of applying prophylactic 
negative pressure wound therapy.

Part 2 

Current practice in calcaneal surgery
In chapter 4 we have compared the efficacy of an ankle block compared to a popliteal block 
in calcaneal fracture surgery in terms of postoperative pain scores and morphine use. We 
found no differences in postoperative pain scores on any of the four moments on which 
postoperative pain was measured. Additionally, morphine use did not statistically significantly 
differ between the two groups. A small, but statistically significant, longer duration of stay 
was noted in the ankle group, it is however doubtful whether this is attributable to the ankle 
block. Placement of the ankle block is quicker and demands less resources compared to the 
popliteal block, it is therefore conceivable that costs can be saved using the ankle block. 
However as this was a retrospective study the results should be interpreted with care, also we 
did not study the cost effectiveness of both anesthesia techniques so one should be careful 
drawing any conclusions on this matter. A new prospective (and adequately powered) study 
on this subject (including a full spectrum cost effectiveness analysis) could provide more 
definitive answers. In chapter 5 we have investigated risk factors for developing surgical 
site infections and non-union in patients undergoing posttraumatic subtalar arthrodesis. 
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17 patients (18%) suffered from a surgical site infection. Significant predictors for the 
development of a surgical site infection were an open fracture and suffering from a surgical 
site infection following osteosynthesis (only patients with a secondary subtalar arthrodesis). 
In 82 out of 93 patients union was achieved. We found no statistically significant predictors 
of non-union, however a positive trend in union rates over time was observed. This study 
was however a retrospective study meaning that the risk of residual bias is always present. 
Furthermore a large number of variables were tested making the results of this study at 
risk for multiple testing.1 However due to the rare nature of the posttraumatic subtalar 
arthrodesis large case series are scarce and researchers have to be pragmatic in studying this 
subject. Nevertheless should the results of this study be interpreted with care. In chapter 
6 we have investigated functional outcome and quality of life following calcaneal fracture 
surgery. We did not find any statistically significant differences in functional outcome 
between patients undergoing open reduction internal fixation (ORIF) through the Extended 
Lateral Approach (ELA), Sinus Tarsi Approach (STA) of primary arthrodesis although there 
was a trend towards better functional outcome in patients undergoing ORIF through the 
STA. The only statistically significant predictor of worse functional outcome was a lower 
socio-economic status. Overall, patients were all satisfied with treatment. In quality of life 
no statistically significant differences were observed either between the three groups. 

Part 3 

Controversies in syndesmotic screw removal
In chapter 7 we have systematically reviewed the literature to propose a universal method 
for the assessment of quality of syndesmotic reduction. Based on the included studied 
we found that CT is superior to plain-radiography in the assessment of syndesmotic joint 
reduction. Furthermore, criteria for adequate reduction should at least include position 
of the fibula in the incisura and rotation of the fibula, whilst ensuring adequate fibular 
length, all equaling or at least approaching the values of the uninjured contralateral side. 
Sadly we were unable to perform a meta-analysis due to the large heterogeneity of the 
included studies and therefore our conclusion is more an expert opinion instead of evidence 
based. In chapter 8 we have systematically reviewed the literature regarding the need for 
routine syndesmotic screw removal following surgical fixation of an ankle fracture or acute 
syndesmotic injury. In total, 329 articles were assessed, after applying the in- and exclusion 
criteria and screening the references of the included studies, 11 articles were included in the 
review; there were two (quasi) RCT’s and 9 nine case series. In none of the studies a benefit 
of routine syndesmotic screw removal was observed however the general quality of the 
included studies was low. We therefore concluded that the evidence for performing routine 
syndesmotic screw removal is absent however there is a need for a quality evidence on this 
subject. For this reason we decided to suit the action to the word and design an international 
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multicenter open label pragmatic randomized controlled trial. In this trial patients will be 
randomized between routine removal and removal on demand of the syndesmotic screw. 
The protocol for this trial in depicted in chapter 9.

Future perspectives

As stated before in this thesis, (infectious) complications occur more often following foot 
and/or ankle surgery compared to other parts of the body. Future research should focus 
on the fact why more surgical site infections occur in the lower extremity in comparison to 
other parts of the body. Several hypotheses exist; the foot and ankle have a poor soft tissue 
envelope which may make them more vulnerable for wound infections, furthermore they 
have an ideal environment for bacteria and the lower extremity is the furthest away from 
the heart and could therefore be less well perfused compared to, for example the upper 
extremity. Due to the decreased blood flow less nutrients, oxygen and immune cells are 
available for an adequate response to colonization. When looking at implant removal in 
the lower extremity specifically, other possible factors which play a role can be identified. 
For example, patients are allowed to mobilize immediately following implant removal in 
contradiction to fracture surgery, where patients are advised to remain non-weight bearing 
for the first weeks following surgery.2 Perhaps even for such a minor surgical procedure 
a (short) non-weight bearing period could prevent surgical site infections as mechanical 
stretching of the wound is prohibited through immobilization.3 
Despite the fact that there was no significant difference in the total number of surgical 
site infections in the WIFI-trial definitive conclusions cannot be drawn. Especially in the 
incidence of deep wound infections a substantial difference in the incidence of wound 
infections was observed. This finding cannot easily be explained but should be the topic of 
further research. Perhaps the antibiotics do not penetrate the outer skin layer well enough 
but do reach adequate concentration levels in bone.4 New studies could specifically focus 
on deep wound infections to assess whether prophylaxis is beneficial in the prevention of 
deep infections. Also, cefazoline concentration is going to be the subject of a new research 
project; it has been shown that cefazoline has an excellent tissue penetration following 
parental administration.5 This is however established in several parts of the body but not in 
the foot or ankle. As stated before the lower extremity is the furthest away from the heart 
and it may be that the availability of cefazoline in the foot and/or ankle is insufficient. A new 
study may provide more insight in the availability of cefazoline following prophylaxis in foot 
and/or ankle surgery. 
In various studies in this thesis we found that patients who had suffered from a wound 
infection following an earlier procedure were at risk for developing a new wound infection 
following a secondary procedure.6 It could be that, despite not being apparent, a low 
grade infections persists and the microorganisms are never completely eliminated from 
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the surgical site. When a new procedure is performed these micro-organisms may be the 
source of a new surgical site infection. This is especially important in implant removal, 
as implant related pain is by some thought to be related to a low grade infect. It could 
therefore be a hazardous to perform surgery on these patients. A future study could focus 
on this hypothesis by culturing all implants which are removed, especially those of patients 
with implant related pain. 
Also more research towards the potential beneficial effect of prophylactic negative pressure 
wound therapy (NPWT) is desirable. The first studies on this subject showed promising 
results and a RCT in orthopedic lower extremity surgery showed a substantial and significant 
reduction in the incidence of surgical site infections.7,8 However recently, some studies 
showing a smaller (and non-significant) reduction have been published and one paper even 
showed a disadvantageous effect of applying prophylactic NPWT in patients undergoing 
acetabular surgery.9 As NPWT is a costly therapy, it demands additional and thorough 
research after the cost-effectiveness of its application. Changing of surgical dressings may 
also play a role here. Some hypothesize that each change of surgical dressings is a potential 
occasion of colonization of the surgical site. By applying NPWT the need for the changing of 
dressings is diminished and by doing surgical site infections may be prevented. It is however 
questionable whether such expensive devices are needed to facilitate less dressing changes 
postoperatively. Perhaps only applying a (cheap) cast postoperatively is sufficient, or maybe 
all the potential beneficial effects of NPWT (compression of dead space, immediate drainage 
of blood and exudate, mechanical stretching of cells and so on) do play a role and NPWT is 
the way to go. 
Less invasive techniques are currently the gold standard in osteosynthesis especially because 
of their superiority in the lower incidence of surgical site infections. In calcaneal surgery 
this is reflected by the sinus tarsi approach which is now the approach of choice.10 This is 
however not the end as surgeons keep trying to minimize the disruption of tissue during a 
procedure. For this reason percutaneous technique currently have full attention and future 
studies should identify fractures and patients in which this technique can be applied.11 
3D techniques may play a role here, 3D CT may be used to create reconstructions of the 
fracture.12 These reconstructions may provide better insight in the fracture and therefore 
facilitate minimally invasive/percutaneous surgery. 3D printers may also be used to print 
specimens of the fractured calcaneus enabling surgeons to assess the fracture in real life 
from all points in view. Furthermore individually 3D printed plates may be used for the 
osteosynthesis of fractures.
In our cross-sectional study on patients undergoing calcaneal fracture surgery we have 
observed remarkably good results in patients undergoing primary subtalar arthrodesis for 
severely displaced calcaneal fractures. Despite the sacrifice of the subtalar joint patients 
report good functional outcome, are pleased with the result of the treatment and report a 
good quality of life. This finding may trigger new studies on this subject. Perhaps even less 
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severely displaced fractures (but still displaced and with, for example extensive involvement 
of the subtalar joint) will benefit from a primary subtalar arthrodesis. Furthermore, future 
studies should focus on risk factors for the development of postoperative complications 
such as surgical site infections and non-union. We have tried to identify such, our study 
design was however not without flaws and a good prospective study on this subject could 
provide more insight in these risk factors. 
As stated before the most effective method of preventing surgical site infections is not 
performing surgery at all. The results of the RODEO-trial will be greeted with curiosity by 
the (orthopedic) trauma community. It will provide answer to a long lasting clinical dilemma 
on whether syndesmotic screws need to be removed following surgical fixation of an ankle 
fracture. Furthermore it will provide evidence whether the use of new (more expensive) 
devices such as a suture button and biodegradable implants is justified. When similar 
results are achieved using the ‘old-fashioned’ metal syndesmotic screw there seems to 
be no justification for the use of more expensive devices. An important aspect will be the 
quality of the reduction. It is conceivable that when the reduction is non-anatomically the 
patient will experience implant related complaints. Traditionally the quality of the reduction 
is per-operatively assessed using fluoroscopy however these pictures are of inferior quality 
and only provide a 2D view. Perhaps when using intra-operative (3D) CT the quality of the 
reduction (especially the position of the fibula in the incisura) is easier to evaluate. This 
may lead to a better reduction and by doing so perhaps to less implant related complaints 
(and through this less cases in which removal of the syndesmotic screw is indicated). An 
interesting side project of the RODEO-trial will be the minimal clinical important difference 
(MCID) of the Olerud Molander score (OMAS). A significant difference may exist between 
two treatments (routine removal and removal on demand is this situation); however 
this difference is not necessarily clinical relevant. Especially in large clinical trial this is of 
importance as significant differences are easily detected through the large sample size. It 
is therefore important to keep in mind what is significant and what is clinically relevant. 
To assess whether a difference is clinically relevant a MCID is necessary. As this is not yet 
available for the OMAS we have added anchor questions to the RODEO-trial questionnaires. 
By doing so we will not only be able to detect a significant difference but also be able to 
evaluate the clinical relevance of this finding. 

It is common sense to take a method and try it. If it fails, admit it frankly and try another.
But above all, try something - Franklin D. Roosevelt
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Deel 1

Complicaties bij chirurgie van de onderste extremiteit
In hoofdstuk 1 hebben wij onderzoek gedaan naar de normaalwaardes van de Lower 
Extremity Functional Scale (LEFS). We hebben hoge waardes voor de algehele populatie 
gevonden, met een mediaan van 77 (bij een maximum van 80). Mannen scoorden 
statistisch significant beter dan vrouwen (respectievelijk 78 versus 76). Verder was de LEFS 
statistisch significant gecorreleerd met leeftijd, dagelijkse bezigheden en een operatie 
aan de onderste extremiteit in de voorgeschiedenis. Interessant genoeg was de LEFS niet 
statistisch significant gecorreleerd met socio-economische status. Ondanks dat we een grote 
onderzoekspopulatie hebben verzameld blijft het onduidelijk of deze ook representatief 
is voor de Nederlandse bevolking. Voor studies naar normaalwaardes is het niet mogelijk 
om een onderzoeksgrootte te bepalen en ondanks dat we het aantal mannen en vrouwen 
en de leeftijdscategorieën hebben getracht te balanceren kunnen we er niet vanuit gaan 
dat onze onderzoeksgroep overeenkomt met de werkelijkheid. Echter omdat we mensen 
met een voorgeschiedenis van chirurgie aan de onderste extremiteit hebben geëxcludeerd 
en ook begeleiders van patiënten hebben geïncludeerd gaan we er vanuit dat we een 
representatieve onderzoeksgroep hebben. De resultaten van deze studie kunnen worden 
gebruikt voor de interpretatie van onderzoeken en het evalueren van behandelsucces. In 
hoofdstuk 2 worden de resultaten van de WIFI studie weergegeven. In deze studie hebben 
we onderzoek gedaan of het geven van antibioticaprofylaxe zinvol is bij het vóórkomen 
van wondinfecties bij het verwijderen van osteosynthesemateriaal onder het niveau van 
de knie. In deze studie hebben we gevonden dat het geven van antibiotica profylaxe niet 
statisch significant gecorreleerd is met minder postoperatieve wondinfecties. Van de 477 
patiënten liepen er 66 (14.0%) een wondinfectie op. Dertig patiënten in de antibiotica 
groep (13.2%) versus 36 patiënten in de controle groep (14.9%) liepen een postoperatieve 
wondinfectie op. In totaal traden er 8 diepe wondinfecties op, 1 in de antibiotica groep en 
7 in de controle groep, dit verschil was niet statistisch significant. Overmatig gebruik van 
alcohol was de enige factor welke statistisch geassocieerd was met het ontwikkelen van 
een postoperatieve wondinfectie. Er werden geen statistisch significante verschillen gezien 
tussen de twee groepen in kwaliteit van leven, functionele uitkomst of tevredenheid met de 
behandeling. Het hoge aantal postoperatieve wondinfecties is opmerkelijk en in tegenstelling 
tot onze hypothese verlaagde antibiotica profylaxe dit aantal niet. Er moet aangetekend 
worden dat een reden voor het hoge aantal postoperatieve wondinfecties zou kunnen 
zijn dat de grens voor het vaststellen van een oppervlakkige postoperatieve wondinfectie 
laag lag. Indien een arts antibiotica voorschreef bij het vermoeden op een postoperatieve 
wondinfectie werd deze patiënt geteld als een oppervlakkige postoperatieve wondinfectie. 
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Het zou dus kunnen zijn dat enkele van deze patiënten alleen wat lokale roodheid of lokale 
wondgenezingsstoornissen had. Echter was deze grens voor beide groepen gelijk en dit zal 
dus geen invloed hebben gehad op onze conclusie. Verder is een dosis van 1g cefazoline 
gebruikt waar tegenwoordig in veel centra standaard 2g wordt gegeven. Het zou dus kunnen 
zijn dat de dosering onvoldoende is geweest en er daarom geen effect van antibiotica werd 
gezien. Hier is echter geen bewijs voor en nader onderzoek zal hier meer duidelijkheid 
over moeten verschaffen. In hoofdstuk 3 presenteren wij de resultaten van de NEWTON 
trial, een studie naar het gebruik van profylactische negatieve druk therapie bij patiënten 
welke aan hun voet, enkel of onderbeen worden geopereerd. Patiënten in de studie werden 
gekoppeld aan een historisch cohort om een vergelijking mogelijk te maken. In 53 patiënten 
in de patiëntengroep ontstonden 4 (7.5%) postoperatieve wondinfecties. Hiervan waren 
twee (3.3%) infecties oppervlakkig en twee (3.3%) diep. Voor 47 patiënten in het cohort 
was een match beschikbaar. De incidentie van postoperatieve wondinfecties verschilde 
niet statistisch significant tussen de twee groepen (respectievelijk 4.3% versus 14.9%). De 
studie was echter ontworpen als een pilot studie en daarom is het aantal patiënten niet 
groot genoeg om conclusies te kunnen trekken. Een nieuwe studie met voldoende patiënten 
zou meer antwoorden kunnen verschaffen over het nut van profylactische negatieve druk 
therapie. 

Deel 2

Huidige praktijk in hielbeen chirurgie
In hoofdstuk 4 hebben we gekeken naar de effectiviteit van een zenuwblokkade ter hoogte 
van de enkel vergeleken met een zenuwblokkade in de knie. Hierbij hebben we gekeken 
naar postoperatieve pijn en morfine gebruik. We hebben op geen van de tijdpunten een 
statistisch significant verschil in pijnscore of morfine gebruik gevonden. Patiënten in 
de groep met een zenuwblokkade ter hoogte van de enkel verbleven iets langer in het 
ziekenhuis, het is echter zeer twijfelachtig of dit met de zenuwblokkade verband houdt. 
Het gebruik van de zenuwblokkade ter hoogte van de enkel is makkelijker, plaatsing is 
sneller en vereist geen gespecialiseerde anesthesist en echo apparaat. Het is daarom 
waarschijnlijk dat kosten kunnen worden bespaard bij het gebruik van de zenuwblokkade 
bij de enkel. Echter is deze studie retrospectief en zijn kosten niet bestudeerd dus men 
moet voorzichtig zijn bij het trekken van conclusies. Een nieuwe studie met hierbij 
ook een uitgebreide kosteneffectiviteitsanalyse zou meer inzicht kunnen bieden in de 
mogelijke economische voordelen van deze techniek. In hoofdstuk 5 hebben gekeken naar 
voorspellers van non-union en postoperatieve wondinfecties bij patiënten welke een fusie 
van het subtalaire gewricht ondergingen na een breuk van het hielbeen. Zeventien (18%) 
patiënten ontwikkelden een postoperatieve wondinfectie. Significante voorspellers voor 
het ontwikkelen van een postoperatieve wondinfectie waren open breuken en patiënten 
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die een infectie opliepen na de eerste operatie aan het hielbeen (alleen patiënten met een 
secundaire fusie). In 82 van de 93 patiënten slaagde de opzet van de operatie, we vonden 
geen factoren welke statistisch significant gecorreleerd waren met het ontwikkelen van non-
union. Er werd wel een positieve trend over de tijdsperiode van inclusie gezien. De studie was 
echter een retrospectieve studie, het kan dus zijn dat er onbekende factoren een rol spelen 
waar niet voor gecorrigeerd is. Verder zijn een groot aantal variabelen getest waardoor er 
sprake kan zijn van multiple testing. Onderzoekers moeten echter pragmatisch zijn omdat 
grote patiëntgroepen met deze aandoening niet bestaan doordat deze operatie niet vaak 
wordt uitgevoerd. De resultaten moeten dan echter wel met voorzichtigheid worden 
geïnterpreteerd. In hoofdstuk 6 hebben we de functionele uitkomst en kwaliteit van leven 
van patiënten welke werden geopereerd aan een hielbeenbreuk bestudeerd. We vonden 
geen statistisch significant verschil tussen patiënten welke osteosynthese ondergingen door 
middel van de Extended Laterale benadering, Sinus Tarsi benadering of een primaire fusie 
door de Sinus Tarsi benadering. Er was wel sprake van een trend naar een beter functionele 
uitkomst bij patiënten welke werden behandeld met de Sinus Tarsi benadering. De enige 
statistisch significante voorspeller van functionele uitkomst was socio-economische status. 
In het algemeen waren patiënten tevreden met hun behandeling. In kwaliteit van leven 
werd ook geen verschil gezien tussen de drie groepen.

Deel 3

Controverses over het verwijderen van de syndesmose schroef
In hoofdstuk 7 hebben we de huidige beschikbare literatuur systematisch geanalyseerd om 
zo tot een nieuwe methode te komen om de kwaliteit van de reductie van de syndesmose 
te beoordelen. Op basis van de geïncludeerde studies hebben wij geconcludeerd dat CT 
superieur is aan gewone röntgenfoto’s in het beoordelen van kwaliteit van de reductie. 
Verder dient een nieuwe regel voor het beoordelen van de kwaliteit van de reductie in 
ieder geval de positie van de fibula in de incisura en rotatie van de fibula mee te nemen. 
Hierbij dient aangetekend te worden dat een adequate lengte van de fibula essentieel is 
voor een goede reductie. Te allen tijde dient de opereerde zijde vergeleken te worden met 
de gezonde zijde om anatomische variaties niet over het hoofd te zien. Helaas was het niet 
mogelijk een meta-analyse te verrichten waardoor deze methode meer een expert opinion 
is in plaats van gebaseerd op onderzoeksresultaten. In hoofdstuk 8 hebben we de literatuur 
systematisch geanalyseerd om te onderzoeken of het nodig is om syndesmose schroeven 
routinematig te verwijderen na chirurgische fixatie van een enkel fractuur. In totaal werden 
329 studies gescreend en hiervan werden er 11 in de studie geïncludeerd. Van deze studies 
waren er 2 (quasi) gerandomiseerde studies en negen cohort studies. In geen van de 
studies werd een voordeel gezien van het routinematig verwijderen van de syndesmose 
schroef. Hierbij moet wel worden aangetekend dat de kwaliteit van de geïncludeerde 
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studies laag was. Toch concluderen wij op basis van deze resultaten dat er geen hard bewijs 
is om syndesmose schroeven routinematig te verwijderen echter is er wel behoefte aan 
een bewijs van hoge kwaliteit voor deze hypothese. Hierop hebben wij besloten om de 
daad bij het woord te voegen en een gerandomiseerde studie naar dit onderwerp op te 
zetten. De studie is ontworpen als een multicenter pragmatische gerandomiseerde studie 
waarin patiënten zullen worden gerandomiseerd tussen routinematig verwijderen van de 
syndesmose schroef en op indicatie verwijderen van de syndesmose schroef. In hoofdstuk 9 
is het protocol van deze studie weergegeven.
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- Basiscursus regelgeving & organisatie voor klinisch 

onderzoekers (BROK)

2016
2016
2015
2015
2015 

1.0
0.5
1.5
1.1
0.9

Specific courses 
- Case-control studies, Netherlands Institute for Health 

Sciences, Rotterdam 
2016  1.5

Seminars, workshops and master classes
-  Journal club
- Weekly surgical department seminars
- Regionaal refereren
- Monthly Trauma Unit meetings

2014 – 2017 
2014 – 2017 
2014 – 2017
2014 – 2017

2.0
3.75
0.4
3.1
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Oral presentations
- Antibioticaprofylaxe bij verwijderen van 

osteosynthese-materiaal onder de knie; resultaten 
van de WIFI trial, een multicenter RCT, NVvH 
Chirurgendagen, Veldhoven 

- The effect of antibiotic prophylaxis on wound 
infections following implant removal; results of the 
WIFI-trial, a double blind placebo controlled RCT. 
European Congress for Trauma and Emergency 
surgery, Bucharest, Romania

- The effect of antibiotic prophylaxis on wound 
infections following implant removal; results of the 
WIFI-trial, a double blind placebo controlled RCT. 
European Congress for Trauma and Emergency 
surgery, Assistentensymposium Nederlandse 
Vereniging voor Traumachirurgie, Soest (invited 
speaker)

- Effect of antibiotic prophylaxis on surgical site 
infections following removal of orthopedic implants 
used for treatment of foot, ankle, and lower leg 
fractures: a randomized clinical trial, Annual meeting 
of the Orthopaedic Trauma Association, Vancouver, 
Canada             

- Prophylactic negative pressure wound therapy after 
lower extremity fracture surgery: a pilot study, 
Traumadagen, Amsterdam                

- The effect of antibiotic prophylaxis on wound 
infections following implant removal; results of the 
WIFI-trial, a double blind placebo controlled RCT. 
European Congress for Trauma and Emergency 
surgery. Traumadagen, Amsterdam

- Predictors of non-union and infectious complications 
in patients with posttraumatic subtalar arthrodesis. 
Osteosynthese International annual meeting of the 
Gerhard Küntscher Society, Aschaffenburg, Germany

2017

2017

2017

2017

2017

2016

2016

0.5

0.5

0.5

0.5

0.5
 

0.5

0.5
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Poster presentations
- Predictors of non-union and infectious complications 

in patients with posttraumatic subtalar arthrodesis. 
European Congress for Trauma and Emergency 
surgery, Vienna, Austria

- Predictors of non-union and infectious complications 
in patients with posttraumatic subtalar arthrodesis. 
Traumadagen, Amsterdam

2016

2015

0.5

0.5

(Inter)national conferences
- NVvH Chirurgendagen, Veldhoven
- European Congress for Trauma and Emergency 

surgery, Bucharest, Romania
- NvT Traumadagen, Amsterdam
- Annual meeting of the Orthopaedic Trauma 

Association, Vancouver, Canada
- NvT Traumadagen, Amsterdam
- Osteosynthese International, Aschaffenburg, Germany
- NVvH Chirurgendagen, Veldhoven
- European Congress for Trauma and Emergency 

surgery, Vienna, Austria
- NvT Traumadagen, Amsterdam
- NVvH Chirurgendagen, Veldhoven
- European Congress for Trauma and Emergency 

surgery, Amsterdam

2017
2017

2017
2017

2016
2016
2016
2016

2015
2015
2015

0.25
0.25

0.25
0.25

0.25
0.25
0.25
0.25

0.25 
0.25
0.25 

Teaching
- Tutoring 6th year medical student
- Tutoring 4th year medical student
- Tutoring 4th year medical student
- Tutoring 6th year medical student

2017
2016
2016
2015

1.0
1.0
1.0
1.0
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3. Parameters of Esteem
Year

Grants
- ZonMw, programma DoelmatigheidsOnderzoek, deelprogramma 

Onderzoek naar reeds toegepaste interventies, RODEO-trial
- AO Nederland research grant, preoperatieve desinfectie van de voet
- Smith & Nephew research grant, NEWTON-trial

2016

2015
2015
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Dankwoord

Graag wil ik iedereen bedanken die een bijdrage heeft geleverd aan de totstandkoming van 
dit proefschrift. In het bijzonder de patiënten welke hebben meegewerkt aan alle studies, 
zonder jullie deelname zou onderzoek en dus vooruitgang onmogelijk zijn!

Prof. dr. Goslings, beste Carel, hartelijk dank voor je steun en tijd bij mijn promotie. Toen 
ik als ANIOS begon in het AMC kreeg ik regelmatig een rood gekleurde ontslagbrief van je 
terug omdat ik weer eens de binnenbocht had genomen. Het was een voorrecht om van 
jouw scherpe blik en oog voor het grotere plaatje gebruik te mogen maken. Gaandeweg heb 
ik, geloof ik, van je geleerd minder de weg af te snijden, met dit proefschrift als resultaat. Ik 
bewonder je vakmanschap, toewijding en gedrevenheid voor de traumachirurgie maar het 
meest bewonder ik je keuze om weer terug te gaan naar de kliniek, om weer te werken aan 
onze corebusiness: de patiëntenzorg. 

Dr. Schepers, beste Tim, ik denk dat als een promovendus gevraagd zou worden om de 
ideale begeleider te omschrijven, ze dan bij jou zouden uitkomen. Wat heb ik ongelofelijk 
veel geluk gehad met jou. Mijn stukken werden bijna altijd op dezelfde dag dat ze naar je 
waren verzonden, retour gestuurd voorzien van nuttig en opbouwend commentaar. Je zit vol 
goede ideeën en hebt een scherp inzicht waar de lacunes in de wetenschappelijke literatuur 
liggen. Met jou als begeleider werd promoveren zoveel makkelijker. Je bescheidenheid 
siert je en is iets waar veel mensen nog wat van kunnen leren, hiernaast ben je ook een 
ongelofelijk prettig persoon en heb ik genoten van onze samenwerking!

De leden van mijn promotiecommissie wil ik graag bedanken voor hun bereidheid om mijn 
proefschrift te toetsen langs de wetenschappelijke meetlat. Dank Prof. dr. P.P.M. Bossuyt, 
Prof. dr. G.J.M.M. Kerkhoffs, Prof. dr. T. Mittlmeier, Prof. dr. M. Poeze, dr. W.H. Roerdink, dr. 
I.J.B. Spijkerman. 

Dr. Backes, Manoukie! Van alle mensen die ik hier bedank ben ik jou het allermeest 
verschuldigd, zonder jou was dit proefschrift er nooit geweest. Ik weet nog als de dag 
van gister dat ik je tegenkwam op het voetenplein waar je vertelde dat je een beurs van 
ZonMw toegekend had gekregen en op zoek kon naar een fulltime promovendus, de rest is 
geschiedenis. Wat hebben wij een ontzettend fijne samenwerking gehad en wat waren we 
een goed team met een prachtige publicatie als kroon op ons (en met name jouw) werk! Ik 
heb veel respect hoe jij dit allemaal, naast een baan als AIOS voor elkaar hebt gekregen. Het 
was een eer om aan je zijde te staan tijdens jouw promotie en ik hoop dat we in de toekomst 
nog eens samen mogen werken!
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Alle deelnemende centra en coauteurs, hartelijk dank voor jullie inzet en medewerking. 
Zonder samenwerking ben je nergens en zonder jullie hulp was dit proefschrift er niet 
geweest. In het bijzonder wil ik Prof. dr. M.G.W. Dijkgraaf bedanken voor zijn hulp met het 
afronden van het manuscript van de WIFI-trial. 

Traumachirurgen AMC, Jan, Vincent, Peter, Niels, Mark, Annebeth, Ivar en natuurlijk Rolf. 
Hartelijk dank voor jullie input en interesse tijdens de maandelijkse onderzoeksvergaderingen.
Secretaresse van G4, Els, Indra, Ingrid en Joke. Bedank voor jullie hulp, zonder jullie zou de 
afdeling niets zijn! Sjakkie, wat moesten de heren van de Traumachirurgie zonder jou, je bent 
het fundament onder de afdeling. Ook dit boekje zou er zonder jouw hulp waarschijnlijk niet 
(of in ieder geval niet op tijd) zijn geweest. Bedankt voor je hulp en de wekelijkse gezellige 
praatjes, tot snel!

Ik wil alle onderzoekers van G4 hartelijk bedanken voor hun hulp en vooral alle gezelligheid 
tijdens de totstandkoming van dit proefschrift. In het bijzonder Jeroen, Stijn en Quirine, wat 
een gezelligheid om met jullie samen te werken!

(Semi)-mannige gang. De gang die iedere dag aan mannelijkheid inleverde! RJ, wat een 
prestatie dat je uiteindelijk zo snel je proefschrift af hebt gekregen, iets om trots op te zijn! 
Lot, hele dappere keuze heb je gemaakt en ik ben benieuwd naar je toekomst! Fleur, dik 
verdiend dat jij in opleiding bent hopelijk werken we snel weer samen! Aat, leider van de 
groep en mede-Ajacied dank voor het vullen van de vele dode uurtjes, het was briljant! 
Wern, het brein van de afdeling, mooi om samen de eerste stappen binnen de chirurgie te 
zetten! 

Onderzoekers van de Traumachirurgie, Mo, Kaij, Kirsten, Mathijs. Dank voor jullie hulp en 
collegialiteit, ik heb genoten van alle congressen. Merel en Fay, het is mooi om te zien dat 
er weer nieuwe aanwas is binnen de onderzoeksgroep. Ik ben ongelofelijk nieuwsgierig 
wat jullie allemaal gaan onderzoeken en ben er van overtuigd dat jullie allebei een prachtig 
proefschrift gaan maken, succes!

Marjo! Vanaf het begin van onze samenwerking in het Flevoziekenhuis klikte het tussen ons 
en dat is eigenlijk alleen maar beter geworden! Ik ken niemand die zo hard heeft gewerkt 
voor haar promotie. De congressen waren een feest met je, van pullen bier in Afschaffenburg 
tot een road-trip in Canada, ik vond t schitterend! Meer dan terecht dat je die opleidingsplek 
nu binnen hebt, hopelijk opereren we snel een keer samen! 

Een klein bedankje naar Dumpert en AFC Ajax mag hier niet ontbreken, zij hebben mij over 
heel wat dode onderzoeksuurtjes geholpen en gaven me weer energie om aan de slag te 
gaan!
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Chirurgen en collega’s uit het Fleveauziekenhuis. Ik ben bevoorrecht ik mijn opleiding op 
het oude nest mag beginnen. De sfeer in de polder is ongeëvenaard en zou een voorbeeld 
moeten zijn voor alle andere ziekenhuizen. Dr. Verbeek, best Paul, dank dat je me de kans 
hebt gegeven om in het Flevoziekenhuis mijn eerste stappen binnen de chirurgie te zetten, 
het was een eer nog een jaar van je te mogen leren. Jan, wat een feest dat jij tot de staf bent 
toegetreden! 

Celine, dank voor je steun en interesse, zonder jou was dit proefschrift er zeker niet geweest.

Clubgenoten van Trap, dank voor jullie steun en interesse, in het bijzonder Alwin, Maarten, 
Tim, Diet, en Sjoerd. Samen begonnen in Rotterdam vind ik het prachtig om te zien hoe 
iedereen zich ontwikkelt!

Huisgenoten van de Haringflat. Een stukje Brabant in het Rotterdamsche. Ik weet niet of het 
huis altijd een positieve invloed op mijn studie heeft gehad maar ik weet wel dat het een 
fantastische tijd is geweest waar in principe niets te gek was. Dank voor alle fantastische 
avonden, huisweekenden en vooral vriendschappen!

Herven vedettes, het is een voorrecht om nog zo’n hechte vriendengroep van vroeger te 
hebben. We hebben al zoveel avonden samen doorgebracht maar toch is het iedere keer 
weer een feest om samen te zijn. Met recht vrienden voor het leven!

Mijn Paranimfen Rosanne en Niels. Lieve Roos, wat hebben we vroeger een ruzie gemaakt! 
Ik denk dat water en vuur een understatement is voor onze karakters destijds. Het doet 
me enorm veel deugd dat we inmiddels wel langere tijd in elkaars gezelschap kunnen 
doorbrengen zonder ruzie te maken en ik ben trots en vereerd dat je hier vandaag naast 
mij wilt staan! Ik zie hoe leuk jij en Bart het samen hebben en kijk vol nieuwsgierigheid 
uit naar jullie toekomst! Nelson, sinds de vierde bij elkaar in de klas en eigenlijk zijn onze 
levens sindsdien parallel gelopen. Het is was voor mij ook meteen duidelijk dat ik jou als 
mijn paranimf zou vragen. Ik hoop nog lang van onze vriendschap te mogen genieten!

Lieve Bram, Wieke, Sem en Jidde. Dank voor jullie steun en interesse in mijn bezigheden. 
Wat was het een genot om bijna 3 jaar geleden de aankondiging van de eerste uitbreiding 
van de familie te vieren! Ik geniet er iedere keer van om jullie als gezin te zien en hoop 
dit nog heel vaak te mogen ervaren! Bram, als grote broer was en ben je toch altijd mijn 
voorbeeld, helaas kunnen we elkaar nu wat minder zien maar ik ben enorm trots op je en 
blij dat je mijn (grote) broer bent!
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Lieve Papa en Mama, zonder jullie was ik er niet geweest! Van jullie heb ik al in een vroeg 
stadium mogen leren om kritisch naar zaken te kijken en een mening te vormen, een 
eigenschap die bij onderzoek doen goed van pas komt! Het zal niet altijd even makkelijk 
zijn geweest om mijn verrichtingen te volgen gezien de (af en toe) gebrekkige berichtgeving 
van mijn kant. Toch heb ik altijd jullie steun gevoeld en ben ik jullie dankbaar dat jullie mij 
de mogelijkheid hebben gegeven om te doen wat ik leuk vond. Colien en Jelmer, ik wil jullie 
natuurlijk ook hartelijk danken voor jullie support.

Moppie, we hebben inmiddels al een hele hoop meegemaakt samen! Het is niet altijd even 
makkelijk geweest maar als ik zie hoe ik geniet van onze momenten samen ben ik er heilig 
van overtuigd dat het alleen maar beter gaat worden! Ik hou van je en heb heel veel zin in 
onze toekomst samen!
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Curriculum Vitae

Siem (Arjen) Dingemans werd geboren in Vught op 22 
Augustus 1986 als broertje van Bram en toekomstige broer 
van Rosanne. Zijn jongste jaren bracht hij veelal door met 
het spelen op straat. Na het afronden van de basisschool 
zette hij zijn opleiding voort op het Sint-Janslyceum te ’s 
Hertogenbosch. Vanwege een klein gebrek aan talent zette 
hij zijn droom om voetballer bij Ajax te worden aan de 
kant en slaagde hij in 2005 voor het Gymnasium. Hij werd 
vervolgens ingeloot om Geneeskunde te gaan studeren aan 
de Erasmus Universiteit Rotterdam. 

Gedurende zijn studententijd werd zijn aandacht over veel verschillende zaken, waaronder 
ook zijn studie, verdeeld. Uiteindelijk kon hij in september 2009 beginnen aan een 
wetenschappelijke stage in Sydney, Australië en in mei 2013 rondde hij zijn coschappen 
af met een oudste coschap chirurgie in het Maasstad ziekenhuis te Rotterdam (drs. 
R. Klaassen). Zijn eerste stappen binnen de chirurgie zette hij als ANIOS Chirurgie in het 
Flevoziekenhuis te Almere (dr. P.C.M. Verbeek). Na een korte periode als ANIOS chirurgie in 
het Academisch Medisch Centrum (Prof. dr. O.R.C. Busch) startte hij in november 2014 zijn 
wetenschappelijke carrière onder de auspiciën van Prof. dr. J.C. Goslings en dr. T. Schepers. 

Siem heeft vooral onderzoek gedaan naar complicaties van fractuur chirurgie van de 
onderste extremiteit welke hebben geleid tot een proefschrift getiteld “Complications, 
current practice and controversies in lower extremity fracture surgery”. Tevens kreeg hij van 
ZonMw een beurs in het kader van het programma “Doelmatigheid”, voor een onderzoek 
naar het nut van het routinematig verwijderen van stelschroeven. 

Op 1 juli 2017 is hij begonnen aan de opleiding tot chirurg in het Academisch Medisch 
Centrum (dr. E.J.M. Nieveen van Dijkum), de eerste twee jaar van zijn opleiding zal hij volgen 
in het Flevoziekenhuis (dr. K.H. in ’t Hof).

Naast zijn opleiding houdt Siem zich graag bezig met sporten, muziek, reizen, koken en 
voetbal.




