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ABSTRACT  
 

BACKGROUND 

The preferred surgical treatment of syndesmotic injuries is a syndesmotic screw (SS), which is 
traditionally removed after 8-12 weeks. However, implant removal does not always improve 
functional outcome, and complication rates are high. Therefore, the aim of this study was to 
investigate whether “on demand removal” is non-inferior to routine removal of the SS 
regarding functional outcome. 

METHODS 

In this multicenter RCT with a non-inferiority design, all consecutive adult patients with 
syndesmotic injury (isolated or with fracture) were randomized between routine removal (RR) 
after 8-12 weeks and on demand removal (ODR), retaining the SS unless there were 
complaints warranting removal. Primary outcome was functional outcome at 12 months after 
SS placement, measured by the Olerud-Molander Score (OMAS). The non-inferiority limit (δ) 
was a 10 points difference in OMAS (in both intention-to-treat and per-protocol analysis).  

RESULTS 

There were 152 patients included in final analysis (73 patients in RR and 79 patients in ODR 
group), 59.2% male, mean age: 46.9 (SD 14.6). Median OMAS at 12 months after syndesmotic 
fixation was 85 (IQR: 60-95) for RR and 80 (IQR: 65-100) for ODR. The non-inferiority test 
indicated that the observed effect size was significantly within the equivalent bounds of -10 
and 10 scale points (p<0.001), meaning ODR was not inferior to RR. In the per-protocol 
groups the median OMAS was 85 (IQR: 62.5-95) for RR and 82.5 for ODR (IQR: 65-96.3) at 12 
months, which was also non-inferior (p=0.001). There were significantly more complications 
in the RR group (12/73) than in the ODR group (1/79), p=0.007.  

CONCLUSIONS 

On demand removal of the syndesmotic screw is not inferior to routine removal when it 
comes to functional outcome. , this offers a strong argument to adopt ODR as standard 
practice of care after syndesmotic screw fixation.  

TRIAL REGISTRATION 

Netherlands Trial Register (NTR5965) and Clinicaltrials.gov (NCT02896998) on July 15th 2016. 
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BACKGROUND 
Syndesmotic injuries are common, being present in approximately 15-20% of surgically 
treated ankle fractures[1,2]. The preferred surgical treatment of syndesmotic injuries is a 
syndesmotic screw (SS), which is traditionally removed after 8-12 weeks, as it is thought to 
hamper ankle function and cause pain when in place during weight-bearing[3–5]. It has also 
been argued that removing the SS is necessary to achieve final anatomical reduction[6]. Other 
studies found that syndesmotic screw removal (SSR) does not necessarily result in 
improvement of functional outcome or range of motion (ROM)[7-11]. In case of a broken or 
loosened SS, restrictions of natural movement of the distal tibiofibular syndesmosis would no 
longer be present[8,10,11].  
SSR is a procedure that rarely takes more than an hour.  Prophylactic antibiotics are  not 
routinely used. Nevertheless, infectious complications are not uncommon, with surgical site 
infection (SSI) rates of up to 9%[11-14]. With the relatively high complication rate of SSR in 
mind it could be beneficial to retain SSs or to remove if the patient experiences complaints.  
We therefore aimed to investigate the effect of “on demand removal” of the SS on functional 
outcome. The hypothesis was that functional outcome at 12 months after syndesmotic 
fixation is comparable in patients with on demand removal (ODR) and routine removal (RR). 

METHODS 
The ROutine vs. on DEmand removal Of the syndesmotic screw (RODEO) trial, was a 
pragmatic international multicenter randomized controlled trial, comparing on demand and 
routine removal of the SS. The study was registered at ClinicalTrials.gov (NCT02896998) and 
the study protocol was published[15]. The trial was conducted in 17 centers, of which 14 
were teaching hospitals and 3 were academic, level 1 trauma centers.  
 
PPaarrttiicciippaannttss    
All adult patients (>17 y/o) with traumatic syndesmotic injury surgically treated within 2 
weeks of trauma using 1 or 2 SSs were eligible for inclusion. Both unstable ankle fractures 
with syndesmotic disruption and isolated syndesmotic injuries were included. Exclusion 
criteria were; an ISS score >15, insufficient physical condition (to allow for potential SSR), 
concomitant injury of the ipsi- or contralateral side or other medical conditions hampering 
rehabilitation, and insufficient comprehension of Dutch or English language.  
 
IInntteerrvveennttiioonnss  

Patients randomized for RR underwent SSR at 8-12 weeks after definite syndesmotic fixation 
according to protocol(15). If the screw(s) were already broken at that time, surgeons were 
advised not to remove them unless they caused complaints. The exact timing of removal 
(within window of 8-12 weeks) and postoperative treatment routine was left to the 
judgement of the treating surgeon and hospital protocol. Patients were seen at the 
outpatient clinic by their treating surgeon and the coordinating investigator at 3 months, 6  
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FFiigguurree  11..  CCOONNSSOORRTT  FFllooww  DDiiaaggrraamm  ooff  IInncclluuddeedd  PPaattiieennttss  
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Assessed for eligibility (n= 409)  ) 

Analysed 
- Intention to treat (n= 73) 
- Per protocol (n= 53) 
 
Excluded from PP analysis (n= 20) 
- SSR > 12wks (n= 11) 
- Cross-over to ODR (n= 5) 
- Revision due to inadequate reduction (n= 2) 
- Revision due to deep SSI (n= 2) 
 
 
 

Excluded  (n= 212) 
- Declined to participate (n= 167) 
- Not meeting inclusion criteria (n= 29) 
- Missed inclusion (too late/not reached)(n=16) 

Lost to follow-up (n= 20) 
- failure to return questionnaires (n= 18)  
- withdrawn from study due to patient’s wish (n= 
2) 

ALLOCATION 

Allocated to RR (n= 93) 
- Received allocated intervention (n= 67) 
- Did not receive allocated intervention (n= 26) 

• SSR >12 weeks (n=11) 
• cross-over to ODR (n=9) 
• revision due to inadequate reduction (n=4) 
• revision due to deep SSI (n=2) 

ANALYSIS 

Lost to follow-up (n= 25) 
- failure to return questionnaires (n= 22)  
- withdrawn from study due to: 

• Complications/new trauma (n=2) 
• Patient’s wish (n=1) 

 

FOLLOW-UP 

Allocated to ODR (n= 104) 
- Received allocated intervention (n= 99) 
- Did not receive allocated intervention (n= 5) 

• Revision due to inadequate reduction (n=2)  
• Revision due to new trauma (n=2) 
• New trauma (ankle fracture + subchondral 

hematoma) compromising recovery (n=1) 

Analysed  
- Intention to treat (n= 79) 
- Per protocol (n= 82) 
 
Excluded from PP analysis (n= 2) 
- Revision due to inadequate reduction (n= 1)  
- Revision due to new trauma (n= 1) 
 
Cross-over from RR (n= 5) 

Randomized (n= 197) 

ENROLLMENT 
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months and 12 months after syndesmotic fixation. During each of these visits ROM was 
measured, and the patient filled out functional outcome questionnaires (see “Outcomes”). 
Additionally, at 3 month follow-up, wound inspection and radiographic imaging (Mortise view) 
were performed. Patients randomized for ODR were seen according to the same follow-up 
schedule and were closely monitored for complaints. ODR was defined as retaining the 
syndesmotic screw unless there were complaints warranting removal (e.g. localized pain, 
screw backing out causing skin irritation, infection). Patients (or surgeon) could opt for SSR at 
any time, but were usually advised to wait, at least until fracture healing allowed for any 
additional implants to be removed (if necessary), in order to combine these procedures in 
case of clinically relevant hardware complaints. Time of removal and whether or not 
additional material was removed was recorded for all patients. 
 
OObbjjeeccttiivveess    
The objective of this pragmatic RCT was to investigate the functional outcome of ODR 
compared to RR of the syndesmotic screw, placed in acute syndesmotic injuries. The 
hypothesis was that ODR would result in a non-inferior functional outcome when compared 
to RR. 
 
OOuuttccoommeess  
The primary outcome was functional outcome at 12 months after syndesmotic fixation, as 
measured by the Olerud-Molander ankle score (OMAS), a patient reported outcome measure 
with a final score of 0-100, with 100 indicating full functioning(16). The OMAS was also filled 
out at 3 and 6 months after fixation. Secondary outcomes were: 1) functional outcome using 
the American Orthopedic Foot and Ankle Hindfoot Score (AOFAS); 2) pain, using a ten-point 
Visual Analog Scale (VAS); 3) active ROM, reported as the difference in absolute number of 
degrees (flexion + extension) between injured and healthy side; and 4) complications. 
Specifically enquired after during follow-up visits were wound healing problems, such as 
wound dehiscence or SSIs (according to CDC criteria(17)) and recurrent diastasis (diagnosed 
based on complaints and radiographic imaging). Other complications (e.g. deep venous 
thrombosis, malreduction, non-union) were reported to the coordinating researcher at the 
time they occurred. All charts were screened at least 12 months after inclusion of the final 
patient in order not to miss any unreported complications or revision procedures.  
 
All mentioned outcomes were measured at 3, 6 and 12 months after syndesmotic fixation. 
Furthermore, baseline patient, fracture and surgical characteristics were collected, as well as 
the immobilization and weight-bearing policy. Status of the SS was documented as the last 
date it was reported to be intact and the first date it was found to be broken, using 
radiographic imaging and surgical documentation. 
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SSaammppllee  ssiizzee    
The sample size calculation was based on a non-inferiority design, using the OMAS at 12 
months as primary outcome measure. With a one-sided significance level (α) of 0.025, 90% 
power (ß), standard deviation (SD) of 19 points and a non-inferiority limit of 10 points on the 
OMAS, 152 subjects were required. In order to conduct a subgroup analysis based on age 
(<60/≥60 y/o) with the same power, lower standard deviations, and incorporating a lost to 
follow-up of 10%, a total of 196 patients was required to prove non-inferiority(15).  
 
RRaannddoommiizzaattiioonn  
Patients were randomized 1:1 to either RR or ODR, using variable blocks of 4, 6 and 8, 
stratified per institute and by age category (≥60 or <60 years old). Randomization was 
performed centrally by the coordinating investigator, who then notified the patient and 
treating (orthopedic) surgeon. The randomization sequence was generated by a dedicated 
computer randomization software program (Castor EDC18), ensuring allocation concealment. 
 
BBlliinnddiinngg  
Considering the nature of the intervention, blinding of patient, surgeon or outcome assessor 
was not possible.  
 
SSttaattiissttiiccaall  mmeetthhooddss  
Descriptive methods were used to assess distribution of data and homogeneity of treatment 
groups. The primary outcome was analyzed according to the intention-to-treat as well as the 
per-protocol principle, non-inferiority only being declared if both analyses proved non-
inferiority of ODR compared to RR. In per-protocol analysis, cross-overs were analyzed in the 
group they crossed over to and patients not treated according to the protocol of either group 
were excluded, as well as patients where syndesmotic fixation was revised (due to a new 
trauma or complication). The primary outcome was presented as median and IQR and tested 
for non-inferiority using a one-sided TOST equivalence test based on Student's t-test[19], with 
an alpha of 0.025, equal variances assumed and equivalent bounds of -10 and 10 scale points. 
Secondary outcomes were analyzed using either a t-test or Mann-Whitney U test for 
continuous data, according to distribution, and a Chi Square test for categorical data. Possible 
predictors of functional outcome were identified using a univariable linear regression. All 
variables with a (near) significant relationship with the 12 month OMAS (p < 0.2) were added 
to multivariable linear regression in order to identify independent predictors of functional 
outcome. All analyses were performed using SPSS, version 26.0.   

RESULTS 
PPaarrttiicciippaannttss  
Out of 409 eligible patients, 197 were randomized (Figure 1). As shown in Figure 1, 45 
patients did not have complete primary outcome data, leaving 152 (73 patients in RR and 79 
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patients in ODR group) for inclusion in final analysis. Of all included patients, 59.2% was male 
and the mean age was 46.9 (SD: 14.6). The distribution of patients over the age groups was 
120 (RR: 59/ODR: 61) in the < 60 y/o group and 32 (RR: 14, ODR: 18) in the ≥ 60 y/o group. 
Baseline characteristics were similar between randomization groups (Table 1), as well as 
between included patients and those lost to follow-up (Table 1 of Supplemental material). 
The per-protocol groups consisted of 53 and 82 patients for RR and ODR respectively (Figure 
1). 
In the RR group, SSR was performed in 67 of 73 cases (5 cross-overs, 1 revision surgery) at a 
mean of 11 weeks (SD 2.4) after syndesmotic fixation, with a range from 8 to 18 weeks. In 
nine cases, the screw was already broken at time of removal. The number of removals (within 
12 months) in the ODR group was 18 (23%) at a mean of 33 weeks (SD 10.1), ranging from 13 
to 49 weeks after syndesmotic fixation. Reasons for removal were pain (n= 7), limited ROM 
(n= 4), stiffness (n=2), revision surgery where new syndesmotic fixation was indicated (n= 2), 
skin reaction to implants (n= 1), screw starting to back out (n= 1), patient’s wish not otherwise 
described (n= 1). None of the five patients who crossed over from RR to ODR had their screw 
removed. Of the 61 ODR patients who retained their SS, 19 broke their screw within 12 
months (13 after >12 weeks). Out of the 18 ODR patients who underwent SSR, the screw was 
already broken in 10 cases. In addition, two out of the five cross overs broke their screw. 

PPrriimmaarryy oouuttccoommee 
The median OMAS at 12 months after syndesmotic fixation was 85 (IQR: 60-95) for the RR 
group and 80 (IQR: 65-100) for the ODR group (Figure 2). The non-inferiority test indicated 
that for the intention-to-treat analysis the observed effect size was significantly within the 
equivalent bounds (t(150) = -3.56, p<0.001), meaning ODR was not inferior to RR. In the per-
protocol 
groups the 
median OMAS 
was 85 (IQR: 
62.5-95) for 
RR and 82.5 
for ODR (IQR: 
65-96.3) at 12 
months, which 
was also non-
inferior (t(133) 
= -3.14, p = 
0.001). 
 
 
 
 

Boxplot depicting 
minimum, maximum, 
interquartile range and 
median of the OMAS for 
randomized groups at 
different time points

Figure 2.
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TTaabbllee  11..  BBaasseelliinnee  ppaattiieenntt  aanndd  ssuurrggiiccaall  cchhaarraacctteerriissttiiccss  
  
 Routine Removal (N = 73) On Demand Removal (N = 79) 
Sex, men 47 (64.4%) 43 (54.4%) 
Age, mean (SD) 
    <60 y/o 
    >/=60 y/o 

45.3 (15.0) 
    59 (80.8%) 
    14 (19.2%) 

48.3 (14.1) 
    61 (77.2%) 
    18 (22.8%) 

Weight, kg, mean (SD) 
Missing  

84.6 (14.4) 
 

88.1 (17.9) 
2 

BMI, mean (SD) 
Missing 

27.3 (4.3) 
4 

28.6 (5.7) 
2 

Nicotine use 
Missing  

17 (25.4%) 
6 

18 (24.0%) 
4 

Alcohol abuse (>2units/day) 
Missing 

6 (8.8%) 
5 

8 (10.7%) 
4 

Illegal drug use 
Missing  

8 (11.6%) 
4 

1 (1.3%) 
4 

Diabetes Mellitus 
- Type 1 
- Type 2 

3 (4.1%) 
1 
2 

4 (5.1%) 
0 
4 

COPD 0 3 (3.8%) 
PAD 0 1 (1.3%) 
Injury 
    Weber B 
    Weber C 
    Maisonneuve 
    Isolated synd. 
    Other 
Missing  

 
17 (23.6%) 
41 (56.9%) 
11 (15.3%) 
2 (2.8%) 
1 (1.4%) 
1 

 
18 (22.8%) 
39 (49.4%) 
22 (27.8%) 
0 
0 
 

ASA classification 
    I 
    II 
    III 
Missing 

 
38 (52.8%) 
33 (45.8%) 
1 (1.4%) 
1 

 
28 (36.4%) 
41 (53.2%) 
8 (10.4%) 
2 

Duration surgery, min. 
Missing 

64.8 (38.3) 
7 

62.5 (35.9) 
8 

Tourniquet use 
Missing 

21 (40.4%) 
21 

18 (29%) 
17 

# Screw(s): 
    1 
    2 

 
50 (69.4%) 
22 (30.6%) 

 
51 (64.6%) 
28 (35.4%) 

Screw diameter: 
3.0 mm 

    3.5 mm 
4.0 mm 

    4.5 mm 
Missing 

 
3 (4.2%) 
64 (88.9%) 
1 (1.4%) 
4 (5.6%) 
1 

 
1 (1.3%) 
74 (93.7%) 
1 (1.3%) 
3 (3.8%) 
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Cortices: 
    3 
    4 
Missing  

 
57 (79.2%) 
15 (20.8%) 
1 

 
62 (78.5%) 
17 (21.5%) 

Level, mm* 
Missing  

23.6 (7.2) 
4 

22.5 (9.2) 
3 

Cast after surgery 
    Weeks 
Missing 

 
5.4 (1.5) 
9 

 
5.3 (1.7) 
9 

Complication of fixation, 
No.(%) 
Missing 

16 (22%) 
1 

12 (15.2%) 

Weight bearing 
    Weeks to full 
Missing  

 
4.8 (1.8) 
2 

 
4.9 (1.8) 
1 

 
Abbreviations: ASA: American Society of Anesthesiologists, BMI: body mass index (weight/(height2)), COPD: 
Chronic Obstructive Pulmonary Disease, PAF: Peripheral Artery Disease 
 
*measured from tibial plafond to most distal syndesmotic screw 
** of which 2 combined with non-union and 1 with bad reduction 
 
SSeeccoonnddaarryy  OOuuttccoommeess  
OMAS scores of three and six months after syndesmotic fixation were comparable between 
randomization groups, as illustrated in Figure 2. Functional outcome as measured by the 
AOFAS also did not differ between RR and ODR at any time point. At three months, median 
scores were 77 (IQR: 61.3-82) and 78 (IQR: 67-86) for RR and ODR respectively (p=0.138), for 
six months this was 81 (IQR: 71.8-88) and 85 (IQR: 75-90) (p=0.103) and for 12 months 87 
(IQR: 84-98) and 85 (IQR: 80-100) (p=0.787). When zooming in on the sub-scores of the 
AOFAS, the sub-score “function” was marginally higher for the ODR group at three and six 
months compared to the RR group (Figure 1 of Appendix). 
 
Neither ROM nor the VAS pain scores differed significantly at any time point (Figure 3).  
 
CCoommpplliiccaattiioonnss  
There were significantly more complications in the RR group (12/73) than in the ODR group 
(1/79), p=0.007. The 12 complications in the RR group comprised; wound dehiscence (n=5), 
superficial SSI (n=2), deep SSI (n=2), diastasis after removal (n=1), synovitis (n=1), increase in 
stiffness after removal (n=1). Four of 12 patients had a complication of the syndesmotic 
fixation as well; two deep infections (one resulting in a flare-up after SSR, one in diastasis 
after SSR), one superficial SSI (wound dehiscence after SSR) and a synovitis (persisting after 
SSR). In addition, within lost-to-follow-up group, three complications occurred consisting of 
one deep SSI, one superficial SSI and one diastasis. In the ODR group, there was only one 
complication; a superficial SSI after removal of all implants, seven months after syndesmotic 
fixation. In the cross-over patients, no complications arose. In one lost-to-follow-up patient, 
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who would have crossed over to ODR, the retained SS started to back out 14 months after 
placement, ultimately resulting in a fistula, after which the screw was removed.

FFiigguurree 33aa.. MMeeaann RROOMM ddiiffffeerreennccee ((fflleexxiioonn ++        FFiigguurree 33bb.. MMeeaann ppaaiinn lleevveellss ((VVAASS)) 
eexxtteennssiioonn)) bbeettwweeeenn hheeaalltthhyy aanndd iinnjjuurreedd aannkkllee      

Abbreviations: RR: routine removal, ROM: range of motion, ODR: on demand removal, VAS: visual analogue scale

PPrreeddiiccttoorrss ooff ffuunnccttiioonnaall oouuttccoommee 
Possible predictors for functional outcome were: age, sex, alcohol abuse, illegal drugs abuse, 
previous fracture, ASA classification, type of fracture, duration of fixation surgery, diameter of 
SS, cast treatment (after syndesmotic fixation), status of SS (broken/intact/removed), 
complication of syndesmotic fixation surgery, complication of RR/ODR, and revision surgery. 
In multivariable analysis; female sex, longer duration of surgery, complication of fixation, and 
complication of RR/ODR remained as independent predictors of outcome with a negative 
impact on 12 month OMAS (Table 3 of Appendix).

SSuubbggrroouupp aannaallyysseess 
For the subgroup of patients under 60 years old median 12-month OMAS in ODR was non-
inferior (p=0.001), with medians of 85 (IQR: 65-95) in RR and 85 (IQR: 62.5-100) in ODR. For 
patients over 60 years old this was 77.5 (IQR: 55-96.3) in RR and 80 (IQR: 63.8-92.5) in the 
ODR group, which was also non-inferior (p=0.041).

In Table 2, results were compared between all patients who had their SS removed at 12 
months, patients with a retained screw that was confirmed to be intact and a retained screw 
that was confirmed to be broken, regardless of randomized group. No significant differences 
were found between these groups in functional outcome, ROM or pain.  
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A post-hoc power analysis showed that with the current pooled standard deviation of 21, 93 
patients per group would be required for 90% power. However, in order to achieve 80% 
power, 70 patients per group are sufficient.  
 
TTaabbllee  22  SSuubbggrroouupp  aannaallyysseess  bbaasseedd  oonn  SSSS  ssttaattee  

 
For this analysis, patients with revision syndesmotic fixation and unsure status of the screw were excluded  
 
Abbreviations: OMAS (Olerud Molander Ankle Score), AOFAS, VAS in median [IQR], ROM in mean (SD) degrees 
difference between injured and healthy side 
 
*missing: 34 in removed, 1 in intact, 16 in broken group 
** missing: 32 in removed, 2 in intact and 15 in broken group 
*** difference between healthy and injured side (in degrees of total flexion plus extension), compared using 
Oneway ANOVA. missing: 45 in removed, 3 in intact, 18 in broken group 
 

DISCUSSION 
In this multicenter, randomized controlled trial we found that ODR of the syndesmotic screw 
was non-inferior to RR with regard to functional outcome. Additionally, no differences were 
identified in pain or ROM at any given time point between the two groups. 
 
Functional outcome scores found in this trial were comparable to previous literature. Two 
systematic reviews have appeared discussing differences in functional outcome after 
removing or retaining the SS[21,22]. Both concluded that RR is not indicated; an advise based 
on low quality, mostly retrospective studies. The one RCT that was included in both reviews, 
found an OMAS of 82.4 in the group retaining the SS and 86.7 in the removal group 
(p=0.367)[11]. In the other RCT by Hoiness et al., the RR group received one quadricortical 
screw and the ODR group two tricortical screws[23]. They found significantly better outcomes 
of the ODR group at three months, but no statistically significant difference in mean OMAS 
after 12 months with 88.8 points for ODR and 83.3 for RR[23].  
 
Even though multiple studies have already carefully concluded that routine removal of the SS 
is not indicated, especially when broken, the opinion is still that intact, retained screws do 
cause limitations in ROM and functional outcome. This opinion was supported by Manjoo et 
al. who found significantly lower OMAS results in patients with intact retained screws (46.5) 
compared to patients with a broken screw (62.2) or RR (66.8)[8]. In the current trial however, 

 Removed (n= 75) Intact (n= 11) Broken (n= 30) Statistical 
sign. 

OMAS, median [IQR] 85 [60-95] 70 [45-90] 85 [60-90] p= 0.405 
AOFAS, median 
[IQR]* 

85 [81-97.5] 83 [67.8-87] 86 [81.5-100] p= 0.239 

VAS, median [IQR]** 1 [0-3] 1 [1-4] 2 [1-4] P= 0.611 
ROM, mean (SD)*** 11.2 (11.0) 8.8 (11.3) 6.5 (8.8) p= 0.403 
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we did not find any statistically significant differences between patients with removed, intact 
or broken screws at 12 months (Table 2). Although the OMAS seemed lower in patients with 
an intact screw, the AOFAS was not, pain scores were similar and ROM even seemed to differ 
less from the healthy side in intact screws when compared to removed screws. A likely 
explanation for the lack of difference in outcome is that retained SSs either break, or (when 
intact) start loosening within the bone, thereby regaining the initially impaired ROM. 
However, no firm conclusions can be drawn, since the position of the screw may also be of 
influence on where it breaks and whether it causes complaints[24], and in the current trial 
there were no rules as for the level of SS insertion.  
Significantly more complications occurred in the RR group, mostly consisting of wound 
healing disorders. Previous studies have shown that the incidence of SSIs after syndesmotic 
screw removal was around 4%[Chapter I, this thesis]. We found SSI rates of 5%, and if patients 
without primary outcome were included this was even higher (8.2%). In addition, wound 
dehiscence was quite common (5/73). 
We found that only 23% of patients randomized for ODR had their SS removed (within 12 
months), in the scenario that patients were told that their screw could be removed at any 
time. If the results of this trial are implemented in guidelines, counselling of patients has the 
potential to further decrease the removal rate. As the results of this trial show, by not 
routinely removing SSs, many complications can be avoided.   
 
LLiimmiittaattiioonnss  
This study has several limitations. First of all, since this was a pragmatic trial without 
instructions for fixation and no post-operative CT scans, the quality of tibiofibular reduction 
could not be guaranteed or evaluated sufficiently. Secondly, a significant amount of patients 
who were eligible declined participation because of the randomization aspect, causing a 
potential selection bias. Moreover, the lost to-follow-up rate (22.8%) was higher than 
predicted, thereby decreasing the power of the study. Most patients resumed their daily lives 
between three and six months after fixation, and were therefore less motivated to come back 
to the hospital and/fill out the questionnaires at 12 months. Although baseline criteria of lost-
to-follow-up patients were acquired, uncollected characteristics such as environment and 
social class may very well differ and be of influence on the outcome, causing a selection 
bias[25]. However, no significant differences were found in baseline criteria between patients 
lost-to-follow-up and included patients, loss-to-follow-up was equally distributed over 
randomization groups and the post-hoc power analysis showed sufficient remaining power 
(80%). Another limitation is that radiographic imaging at the 12-month time point was only 
acquired in a minority of patients, which leaves us uncertain about the status of the SS 
(broken/intact) at that time. To compare outcome between removed, broken and intact 
screws we have excluded patients with no confirmed status of the screw, leading to smaller 
groups and conclusions based on incomplete data. Finally, although we found a very low rate 
of complications in the ODR group, 12-month follow-up might not be sufficient. It is important 
to keep in mind that there might be long term complications of retaining the SS that we have 
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not encountered in this trial. Future studies should focus on the long term consequences of 
retaining the SS and identifying uncontested indications for removal. 

CONCLUSIONS 
On demand removal of the syndesmotic screw is non-inferior to routine removal in terms of 
functional outcome. Combined with the high complication rate of screw removal, this offers a 
strong argument to adopt on demand removal as standard practice of care after SS fixation. 
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SUPPLEMENTAL MATERIAL 
TTaabbllee  11  BBaasseelliinnee  cchhaarraacctteerriissttiiccss  ooff  iinncclluuddeedd  aanndd  lloossss  ttoo  ffoollllooww  uupp  ppaattiieennttss  
  
 Included (N = 

152) 
Lost to follow 
up (N = 45) 

Sign. 

Sex, men 90 (59.2%) 29 (64.4%) 0.648 
Age, mean (SD) 

- <60 y/o 
- >/=60 y/o 

46.9 (14.6) 
- 120 (78.9%) 
- 32 (21.1%) 

43.1 (15.7) 
- 40 (88.9%) 
- 5 (11.1%) 

0.132 
0.200 
 

Weight, kg, mean (SD) 
Missing  

86.3 (16.4) 
6 

88.7 (20.9) 
4 

0.441 

BMI, mean (SD) 
Missing 

27.9 (5.1) 
8 

29.1 (6.9) 
6 

0.220 

Nicotine use 
Missing  

35 (24.6%) 
10 

14 (33.3%) 
3 

0.532 

Alcohol abuse (>2units/day) 
Missing 

14 (9.8%) 
9 

4 (9.8%) 
4 

0.866 

Illegal drug use 
Missing  

9 (6.3%) 
8 

4 (9.8%) 
4 

0.738 

Diabetes Mellitus 
- Type 1 
- Type 2 

7 (4.6%) 
1 
6 

3 (6.7%) 
0 
3 

0.868 

COPD 3 (2.0%) 4 (8.9%) 0.081 
PAD 1 (0.7%) 0 1.000 
Injury 

- Weber B 
- Weber C 
- Maisonneuve 
- Isolated synd. 
- Other 
- Missing  

 
35 (23.2%) 
80 (53.0%) 
33 (21.9%) 
2 (1.3%) 
1 (0.7%) 
1 

 
12 (26.7%) 
20 (44.4%) 
9 (20.0%) 
3 (6.7%) 
1 (2.2%) 
 

 
0.246 

ASA classification 
- I 
- II 
- III 
- Missing 

 
66 (44.3%) 
74 (49.7%) 
9 (6.0%) 
3 

 
22 (48.9%) 
18 (40.0%) 
5 (11.1%) 
 

 
0.355 

Duration surgery, min. 
Missing 

63.6 (37.0) 
15 

60.8 (27.2) 
5 

0.658 

Tourniquet use 
Missing 

39 (34.2%) 
38 

18 (48.3%) 
8 

0.168 

# Screw(s): 
- 1 
- 2 

 
101 (66.9%) 
50 (33.1%) 

 
30 (68.2%) 
14 (31.8%) 

1.000 

Screw diameter: 
- 3.0 mm 
- 3.5 mm 
- 4.0 mm 
- 4.5 mm 

Missing 

 
4 (2.6%) 
138 (91.4%) 
2 (1.3%) 
7 (4.6%) 
1 

 
2 (4.5%) 
41 (93.2%) 
1 (2.3%) 
0 
1 

0.449 
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Cortices: 
- 3 
- 4 

Missing  

 
119 (78.8%) 
32 (21.2%) 
1 

 
39 (88.6%) 
5 (11.4%) 
1 

0.213 

Level, mm* 
Missing  

23.0 (8.3) 
7 

22.8 (9.6) 
2 

0.888 

Cast after surgery 
Missing 

135 (89.4%) 
1 

43 (97.7%) 
1 

0.156 

Full weight bearing 
Missing  

2 (1.3%) 
1 

0 
1 

1.000 

 
 
TTaabbllee  22  PPrreeddiiccttoorrss  ooff  ffuunnccttiioonnaall  oouuttccoommee  
  
Variables B Lower Bound 

95% CI 
Upper Bound 
95% CI 

Sig. 

(Constant) 101.938 91.9 111.9 .000 
Sex -10.137 -16.3 -3.9 .002 
Duration of Surgery 
(min) 

-.093 -.176 -.010 .029 

Compl. fixation -19.876 -27.7 -12.0 .000 
Compl. intervention -10.692 -20.9 -.528 .039 
 
 
FFiigguurree  11  AAOOFFAASS  ssuubb--ssccoorreess  

 
 
 


