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Article

Displaced intra-articular calcaneal fractures are commonly 
treated by open reduction and internal fixation (ORIF).1,6 
The goal of operative treatment is to restore functional anat-
omy, as intra-articular incongruence leads to poor clinical 
outcome due to posttraumatic osteoarthritis of the subtalar 
joint.15,27,28,34 Despite the efforts to restore anatomy, up to 
20% of operatively treated patients show a persistent step-
off in the subtalar joint of >2 mm.2,7,17

Intraoperative 2-dimensional (2D) fluoroscopy is used to 
evaluate the quality of reduction and implant position during 
ORIF of calcaneal fractures. Due to the complex anatomy of 
the calcaneus and the subtalar joint, however, conventional 
fluoroscopy might not always provide sufficient insight.15,35 
Three-dimensional (3D) fluoroscopy involves a mobile 
C-arm unit, modified to provide motorized rotational move-
ment combined with a computer workstation. The system 
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Abstract
Background: Three-dimensional (3D) fluoroscopy is thought to be advantageous in the open reduction and internal 
fixation (ORIF) of calcaneal fractures. The goal of this multicenter randomized controlled trial was to investigate the 
clinical effect of additional intraoperative 3D fluoroscopy on postoperative quality of reduction and fixation and patient-
reported outcome as compared to conventional 2-dimensional (2D) fluoroscopy in patients with intra-articular fractures 
of the calcaneus.
Methods: Patients were randomized to 3D or conventional 2D fluoroscopy during operative treatment of calcaneal 
fractures. Primary outcome was the difference in quality of fracture reduction and implant position on postoperative 
computed tomography (CT). Secondary endpoints included intraoperative corrections (prior to wound closure), 
complications, and revision surgery (after wound closure). Function and patient-reported outcome were evaluated after 
surgery and included range of motion, Foot and Ankle Outcome Score (FAOS), American Orthopaedic Foot & Ankle 
Society (AOFAS) score, Short-Form 36 (SF-36) questionnaires, and Kellgren-Lawrence posttraumatic osteoarthritis 
classification. A total of 102 calcaneal fractures were included in the study in 100 patients. Fifty fractures were randomized 
to the 3D group and 52 to the 2D group.
Results: There was a statistically significant difference in duration of surgery between the groups (2D 125 min vs 3D 
147 min; P < .001). After 3D fluoroscopy, a total of 57 intraoperative corrections were performed in 28 patients (56%). 
The postoperative CT scan revealed an indication for additional revision of reduction or implant position in 69% of 
the 3D group vs 60% in the 2D fluoroscopy group. At 2 years, there was no difference in number of revision surgery, 
complications, FAOS, AOFAS score, SF-36 score, or posttraumatic osteoarthritis.
Conclusion: The use of intraoperative 3D fluoroscopy in the treatment of intra-articular calcaneal fractures prolongs the 
operative procedures without improving the quality of reduction and fixation. There was no benefit of intraoperative 3D 
fluoroscopy with regard to postoperative complications, quality of life, functional outcome, or posttraumatic osteoarthritis.
Level of Evidence: Level I, prospective randomized controlled study.
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provides multiplanar 3D reconstructions of bony structures 
in addition to conventional 2D fluoroscopic images. The 
diagnostic accuracy of 3D fluoroscopy appears to be higher 
than 2D fluoroscopy and similar to computed tomography 
(CT) for the evaluation of both reduction and implant 
position.5,13,22,36

Three-dimensional fluoroscopy has proven to be a 
valuable addition to conventional intraoperative fluoros-
copy in calcaneal fracture surgery.16 Previous studies of 
3D fluoroscopy in calcaneal fracture surgery have 
reported an intraoperative correction rate of up to 47% for 
indications that were not recognized on conventional 2D 
fluoroscopy.14,15,24,35 The effect of these corrective mea-
sures on the radiological and patient-reported outcome 
has been not been investigated yet.14,18 The objective of 
this study was to investigate the clinical effect of addi-
tional intraoperative 3D fluoroscopy on postoperative 
quality of reduction and fixation and patient-reported out-
come as compared to conventional 2D fluoroscopy in 
patients with intra-articular fractures of the calcaneus.

Methods

This multicenter randomized clinical trial was conducted 
in 2 academic level 1 trauma centers and 1 regional teach-
ing hospital between December 2010 and July 2014, with a 
2-year follow-up, as described in our published study 
protocol.4 Patients were eligible to participate if they sus-
tained an intra-articular fracture of the calcaneus that 
required open reduction and internal fixation. Patients were 
included if they were older than 17 years and signed 
informed consent was obtained. Patients with bilateral 
fractures were allowed to participate with both extremities 
evaluated. Patients were excluded in case of pregnancy, a 
history of rheumatoid arthritis, or inability to comprehend 
the trial’s features.

Our sample size calculation was based on the available 
literature at 2009. The frequency of suboptimal fracture 
reduction of intra-articular fractures of the wrist, ankle, and 
calcaneus was 18% to 26%.9,25,32 Research in our own hospi-
tal, based on postoperative X-rays, showed a frequency of 
17% (Weide vd A, Haverlag R, Goslings JC, unpublished 
data). Based on Kendoff et al,23 we anticipated that a subop-
timal fracture reduction and/or fixation would be found in 
5% of the patients when using the 3D-RX-system. To detect 
a difference of 12% using a 2-group continuity-corrected 

χ2 test at α = 0.05 and a power of β = 0.80, we had to 
include 122 patients per randomization group. To account 
for an approximately 3% dropout by technical or logistic 
failures of the 3D-RX-system, 250 patients needed to be 
included for each fracture type.

Reduction and internal fixation were performed through 
an extended lateral approach (ETA) or sinus tarsi approach 
(STA), according to the surgeons’ preference. Choice of 
implants was at the surgeon’s discretion. The study con-
sisted of 2 distinct parts. In the first part, 2D fluoroscopy 
was available for imaging throughout the operation until the 
surgeon was satisfied with the reduction and implant posi-
tion. Prior to wound closure, a 3D fluoroscopy scan was 
performed in all patients. Whether or not the intraoperative 
3D images were to be made available to the surgeon was 
based on randomization. A dedicated and secured online 
randomization module performed block randomization 
stratified for participating center. Patients remained unaware 
of the availability of the 3D scan to the surgeon throughout 
the entire trial. In case the results of the 3D fluoroscopy 
were not made available, the surgeon ended the procedure 
by wound closure. If the results of 3D fluoroscopy were 
made available to the surgeon, the surgeon was asked to 
evaluate the available 3D images according to a scoring 
protocol for anatomical reduction and implant position, 
which was published previously.3,11 This protocol, based on 
Delphi consensus, specified 5 categories (23 individual 
points) to evaluate postoperative reduction of the most 
important anatomical landmarks of the calcaneus as well as 
hardware positioning. Corrections were performed (if 
deemed necessary and feasible) and registered accordingly, 
after which an additional 3D fluoroscopy scan was per-
formed and evaluated in a similar fashion.

Postoperative CT scans were obtained within 7 days of 
surgery in all cases. Follow-up outpatient clinic visits were 
planned for 6 and 12 weeks and 1 and 2 years postopera-
tively. The postoperative CT scans were anonymized and 
systematically evaluated by 3 independent blinded observers 
(an experienced foot and ankle surgeon, a musculoskeletal 
trauma radiologist, and a PhD candidate with 4 years of 
research experience in calcaneal fractures). This systematic 
evaluation by the independent observers was performed at 
least 6 months after inclusion of patients in the study and did 
not influence clinical practice. For evaluation of the quality 
of fracture reduction and fixation and whether a revision was 
indicated, the previously mentioned imaging 23-question 
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scoring protocol was used.3,11 Intra-articular gaps and steps 
measuring up to 2 mm were deemed acceptable.11 A revision 
was indicated when one of the items was scored as “not 
acceptable.” An indication for a revision was based only on 
the radiological evaluation. Technical difficulties, duration 
of the operation, or other reasons not to perform a revision 
were not taken into account in the evaluation by the indepen-
dent observers. Answers of the 3 blinded observers on these 
23 items, as well as the indication for a revision in reduction 
and/or fixation, were combined into a single radiological 
“profile” of the fracture and implants. In case of inconsis-
tency between observers, majority consensus was sought.

Primary outcome was the need for revision surgery as 
determined by the observers, based on the postoperative CT 
scan as described above. Secondary outcomes were the 
number and type of corrections prior to wound closure after 
2D and 3D fluoroscopy, complications, revision operations 
within 1 year, Foot and Ankle Outcome Score (FAOS), 
American Orthopaedic Foot & Ankle Society (AOFAS) 
hindfoot score,10 and Short Form 36 (SF-36) questionnaire. 
Posttraumatic osteoarthritis was classified according to the 
Kellgren and Lawrence21 classification at 2 years postoper-
atively by 3 independent observers. Total fluoroscopy time 
is given in seconds, and total radiation dose is given as a 
dose area product (DAP) in mGy*cm2. Previously pub-
lished power calculations have shown a sample size of 250 
patients (125 patients in both arms) for this trial.4

The BV Pulsera 3D-RX (Philips Healthcare) mobile 
C-arm unit prepared for motorized rotational movement for 
volumetric acquisition and a Philips 3D-RA workstation for 
visualization of the 3D data set were used in all participat-
ing centers. A series of 225 projection images was acquired 
over a period of 30 seconds during a 200-degree rotation of 
the C-arm. Both volume rendering and multiplanar refor-
mations (MPRs) in axial, coronal, and sagittal planes were 
available for evaluation if randomized for allocation in the 
3D group.

Statistical analyses were performed in accordance with 
the intention-to-treat principle using software (SPSS 20.0 
for Windows; SPSS, Inc). The primary dichotomous out-
come, indication for revision yes/no, and the number of 
intraoperative corrections based on available 3D fluoros-
copy were described as a percentage in both groups. 
Differences between groups were given as a risk ratio (RR) 
and risk difference (RD). Scores of functional outcomes 
were expressed as means and standard deviations (SDs) in 
case of normal distribution; nonnormally distributed data 
were expressed as medians with ranges. Continuous param-
eters were analyzed using the Student t test (parametric 
data) or the Mann-Whitney U test (nonparametric data).

Based on a previous study by Agren and colleagues,1 an 
additional subgroup analysis was performed. We selected 
the patients with the highest 50% AOFAS scores at 2 years 
postoperatively and performed a logistic regression 

analysis on age, fracture type (Sanders classification), 
open fractures, infections, and the availability of 3D fluo-
roscopy. We repeated this analysis for arthrodesis at 2 
years postoperatively.

This study was reported according to the principles of 
the Consolidated Standards of Reporting Trials (CONSORT) 
statement guidance. Approval was obtained from the medi-
cal ethics committee, and all patients provided written 
informed consent. The study was registered under Dutch 
Trial Register NTR 1902.

Results

Between December 2010 and July 2014, a total of 102 frac-
tures (ie, patients) in 100 patients were included in the study 
(Suppl. Figure S1). Demographics are displayed in Table 1. 
Study inclusion ended prior to reaching the expected 250 
inclusions due to a lower than predicted accrual rate and 
subsequent budgetary restraints. No patient withdrew con-
sent. Four patients (5 calcaneal fractures) were lost to fol-
low-up at 12 months postoperatively (2 patients in the 2D 
group and 2 patients [3 fractures] in the 3D group). In 81 
(79.4%) cases, an extended lateral approach (ELA) was 
used; in 20 (19.6%) cases, the STA was used, and 1 calca-
neal fracture (1%) underwent closed reduction and percuta-
neous fixation.

Of the 102 patients, 50 were randomized to intraopera-
tive availability of the 3D fluoroscopy (prior to wound clo-
sure); 52 patients were operated on with conventional 2D 
fluoroscopy alone (3D imaging was obtained but not avail-
able to the surgeon). Baseline characteristics were equally 
distributed among the randomization groups (Table 1). In 3 
patients allocated to the 3D group, the 3D system was not 
available due to a technical error. Subsequently, 47 patients 
remained for analysis, of whom 28 (56.0%) underwent cor-
rections after 3D images had been reviewed by the surgeon 
prior to wound closure. Most corrective measures (91.2%) 
aimed to enhance implant position, of which details are 
shown in Table 2. Further fracture reduction was performed 
in 5 (8.8%) patients after availability of 3D fluoroscopy 
images.

Radiation dose did not differ in terms of mGy and radia-
tion time. However, the median mGy-m2 differed signifi-
cantly with a median of 0.06 mGy (range, 0.03-2.25) in the 
2D group compared to 0.07 mGy (range, 0.03-0.21).

The postoperative CT scan as evaluated by 3 indepen-
dent observers revealed an indication for additional revision 
of reduction or implant position in 69.4% of the 3D group 
vs 59.6% in the 2D fluoroscopy group. The corresponding 
risk ratio of 1.16 (95% CI, 0.87-1.56) did not reach statisti-
cal significance. Revision of reduction or fixation as sug-
gested by the raters was performed in 3 patients. In 1 patient 
in the 3D scan group, an intra-articular screw was revised. 
In the 2D group, 2 revision operations were performed, one 
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because of an insufficient reduction of the posterior talocal-
caneal joint, and in another patient, an intra-articular screw 
was revised. In 7 patients, indications for corrective mea-
sures were identified postoperatively and also identified 
intraoperatively but not performed for various reasons 
(Table 2). Examples of intraoperative 3D and correspond-
ing postoperative CT images are shown in Figure 1.

There was a statistically significant difference in dura-
tion of surgery between the groups, with a median of 147 
minutes (3D group) vs 125 minutes (2D group) (P < .001). 
Exclusion of the 1 outlier in the 3D group with 507 minutes 
due to operative treatment of concomitant injuries did not 
change this result.

There were no significant differences between groups 
in terms of type of approach, revision surgery, complica-
tions, wound infections, posttraumatic osteoarthritis, 
short-term rate of arthrodesis, and patient-reported out-
come measures including AOFAS score, FAOS, and SF-36 
score (Table 3). Patient-reported outcomes are shown in 
Supplemental Table S1.

Although infectious complications occurred more when 
ELA (29.1%) was used compared to STA (5.3%) (RR, 0.18 
[0.03-1.26]; RD, –23.85 [–38.03 to −9.67]), additional 

subgroup regression analysis showed no association 
between 50% of patients with the highest AOFAS score at 
2 years postoperatively and age, fracture type, open frac-
tures, type of approach, infections, availability of 3D fluo-
roscopy, or duration of operation. Furthermore, we found 
no association for these factors with arthrodesis at 2 years 
postoperatively.

Discussion

Despite 57 individual intraoperative corrections in 28 
patients (56% of the 3D group), the current study did not 
find a beneficial effect of intraoperative 3D fluoroscopy in 
terms of radiological, patient-reported, or functional (eg, 
range of motion) outcome as compared to conventional 2D 
fluoroscopy. Follow-up CT scan revealed indications for 
revision regardless of prior availability of 3D fluoroscopy 
images during surgery and performed corrections. 
Moreover, the duration of the surgical procedure was sig-
nificantly longer in the 3D group.

To our knowledge, this is the first randomized controlled 
trial reporting the functional results of patients in which 
additional 3D fluoroscopy was compared to conventional 

Table 1.  Demographics.

Characteristic
2D (50 patients), 

No. (%)
3D (50 patients), 

No. (%)
Mean difference 

(95% CI)
Risk  

ratio (95% CI)
Risk  

difference (95% CI)

Including hospital 
(number of treated 
fractures)

0.96 (0.70 to 1.32) −1.31 (–11.87 to 9.25)

  I 45 (86.5) 44 (88) 1.02 (0.88 to 1.18) 1.46 (–11.47 to 14.39)
  II 5 (9.6) 3 (6.0) 0.62 (0.15 to 2.47) −3.61 (–13.98 to 6.75)
  III 2 (3.8) 3 (6.0) 0.69 (0.12 to 3.98) −1.76 (–10.12 to 6.58)
Sex, male 39 (75) 42 (84) 1.12 (0.91 to 1.37) 9 (–6.5 to 24.55)
Age, mean (SD) 47.3 (13.4) 45.6 (12.4) 1.7 (–3.4 to 6.8)  
Trauma mechanism
  Fall 12 (23.1) 10 (20.0) 0.87 (0.41 to 1.82) −3.08 (–19.02 to 12.86)
  Fall from height 38 (73.1) 37 (74.0) 1.01 (0.80 to 1.28) 0.92 (–16.2 to 18.04)

Motor vehicle 
accident

2 (3.8) 1 (2.0) 0.52 (0.05 to 5.56) −1.85 (–8.36 to 4.66)

  Other 0 (0.0) 2 (2.0) n/a 3.48 (–1.38 to 9.07)
Concomitant injuries 10 (19.2) 17 (34.0) 1.77 (0.90 to 3.48) 14.77 (–2.18 to 31.71)
Fracture ipsilateral 

lower extremity
3 (5.8) 2 (4.0) 0.69 (0.12 to 3.98) −1.76 (–10.12 to 6.58)

Fracture contralateral 
lower extremity

5 (9.6) 6 (12.0) 1.25 (0.41 to 3.83) 2.39 (–9.67 to 14.44)

Left-sided fracture 26 (50.0) 25 (50.0) 1.00 (0.68 to 1.47) 0.00 (–19.41 to 19.41)
Open fracture 1 (2.0) 2 (4.1) 2.08 (0.20 to 22.23) 2.12 (–4.60 to 8.84)
Sanders fracture type 1.08 (0.79 to 1.48) 2.21 (–3.25 to 7.66)
  1 1 (1.9) 2 (4.0) 2.08 (0.19 to 22.22) 2.08 (–4.51 to 8.67)
  2 18 (34.6) 18 (36.0) 1.04 (0.61 to 1.76) 1.39 (–17.17 to 19.94)
  3 24 (46.2) 23 (46.0) 1.00 (0.65 to 1.52) −0.15 (–19.50 to 19.20)
  4 9 (17.3) 7 (6.9) 1.34 (0.54 to 3.32) 4.54 (–9.58 to 18.66)

Abbreviations: 2D, 2-dimensional; 3D, 3-dimensional; n/a, not applicable.
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fluoroscopy in the treatment of calcaneal fractures. In 2015, 
Gwak et al18 published a retrospective cohort study of 60 
calcaneal fractures, half of which were treated with addi-
tional 3D fluoroscopy. In accordance with our results, they 
found no statistically significant differences between groups 
in terms of Böhler angle, Gissane angle, AOFAS score, or 
visual analog scale pain score after 2 years postoperatively.

Most other available studies reporting on 3D fluoros-
copy lack a control group or put emphasis on the number of 
intraoperative 3D-related corrections rather than reporting 
functional or radiological outcome.12,15,24,35 In 2015, 
Eckhardt et al12 published a series of 62 calcaneal fractures 
operated on using intraoperative 3D imaging. They used an 
O-arm with high-quality imaging, leading to 40% correc-
tions and good radiological results on the final intraopera-
tive 3D scan. No postoperative CT scan was made as a gold 

standard; they did not have a control group with conven-
tional fluoroscopy or report functional outcome. In 2014, 
Franke et al15 published a large retrospective cohort of oper-
atively treated calcaneal fractures using 3D fluoroscopy and 
showed an intraoperative correction rate of 40.3%. Of the 
evaluated group, 45% still had residual step-off of ≥2 mm 
on the postoperative evaluation of the 3D scan. No control 
group was mentioned in terms of 2D fluoroscopy.

Our results show considerable percentages of indications 
for revision based on the postoperative CT scan. Multiple 
factors potentially contribute to these high revision rates. 
First, we evaluated 23 items of reduction and fixation per 
patient. These items included Böhler and Gissane angles, as 
well as steps, gaps, and bone fragments of the posterior talo-
calcaneal, calcaneocuboid, and anterior talocalcaneal joints. 
In addition, the position of fixation material was scored in the 

Table 2.  Operation Characteristics, Intraoperative Imaging, Corrections, and Radiologic Outcome.

Characteristic 2D, No. (%) 3D, No. (%) P value

Days to surgery, median (range) 18.50 (2.0-60.0) 18.12 (4.0-72.0) .43
Approach 43 (82.7) .508
  Extended lateral approach 9 (17.3) 38 (76.0)  
  Sinus tarsi 0 (0.0) 10 (20.0)  
  Closed reduction internal fixation 1 (2.0)  
Duration of surgery, median (range), min 125 (69-219) 147 (76-507) .00
Excluding outlier 125 (69-219) 147 (76-233) .00
Radiation dose, median (range)
  mGy 3.60 (1.63-9.74) 4.36 (1.44-10.40) .20
  mGy-m2 0.06 (0.03-2.25) 0.07 (0.03-0.21) .04
  Time (s) 100 (28-260) 105 (50-274) .28
Total corrections after 3D 57 (100)  
  Reduction
    Step-off n/a 0 (0.0)  
    Gap n/a 2 (3.5)  
    Bone fragment n/a 2 (5.3)  
    Other n/a 1 (1.8)  
    Total 5 (8.8)  
  Implant position
    Screw too long n/a 48 (84.2)  
    Screw too short n/a 1 (1.8)  
    Screw direction/position n/a 3 (5.3)  
    Plate position n/a 0 (0.0)  
    Total n/a 52 (91.2)  
3D-based surgeon verdict
  Inadequate reduction n/a 4 (8.5)  
  Inadequate implant position n/a 3 (6.5)  
  Total inadequate ORIF n/a 7 (15.2)  
Reasons revision not performed
  Inadequate bone quality n/a 1  
  Screw size not in stock n/a 1  
  Reason unspecified n/a 5  
  Total n/a 7 (15.2)  

Abbreviations: ORIF, open reduction internal fixation; 2D, 2-dimensional; 3D, 3-dimensional; n/a, not applicable.
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Table 3.  Complications, Posttraumatic Arthritis, and Arthrodesis.

Characteristic 2D, No. (%) 3D, No. (%) Risk ratio (95% CI) Risk difference (95% CI)

Revision required 
CT-based outcome independent 
observer

31 (59.6) 34 (69.4) 1.16 (0.87 to 1.56) 9.77 (–8.78 to 28.33)

  ELA 27 (51.9) 25 (48.1) 1.08 (0.78 to 1.48) 4.78 (–16.11 to 25.66)
  STA 4 (44.4) 9 (81.8) 1.84 (0.84 to 4.02) 37.7 (–2.29 to 77.04)
Revision surgery (1 year) 20 (38.5) 17 (34.0) 0.88 (0.53 to 1.48) −4.46 (–23.1 to 14.17)
  ELA 17 (39.5) 13 (34.2) 0.87 (0.49 to 1.54) −5.32 (–26.33 to 15.68)
  STA 3 (33.3) 4 (36.4) 1.09 (0.33 to 3.66) 3.03 (–38.88 to 44.94)
    Deep infection with debridement 6 (11.5) 4 (8.0)  
    Deep infection with hardware 

removal
3 (5.8) 4 (8.0)  

    Reduction and/or fixation 1 (1.9) 1 (2.0)  
    Implant removal (planned) 0 (0.0) 1 (2.0)  
    Implant removal (complaints) 9 (17.3) 7 (14.0)  
    First infection with debridement, 

second surgery with implant 
removal

1 (1.9) 2 (4.0)  

Infectious complications 14 (27.5) 11 (22.9) 0.82 (0.41 to 1.63) −4.92 (–21.57 to 11.72)
  ELA 13 (31.0) 10 (27.0) 0.87 (0.44 to 1.75) −3.92 (–23.93 to 16.08)
  STA 1 (11.1) 0 (0.0) n/a −11.11 (–31.64 to 9.42)
  CRIF 0 (0.0) 1 (100) n/a n/a
    Superficial without antibiotics 0 (0.0) 2 (4.2) n/a 4.00 (–1.43 to 9.43)
    Superficial with antibiotics 4 (7.8) 1 (2.1) 0.26 (0.03 to 2.25) −5.69 (–13.91 to 2.52)
    Deep with debridement 7 (13.7) 4 (8.3) 0.59 (0.19 to 1.91) −5.46 (–17.40 to 6.48)
    Deep with hardware removal 3 (5.9) 4 (8.3) 1.39 (0.33 to 5.89) 2.23 (–7.60 to 12.06)
Posttraumatic arthritisa (2 years)
  0 2 (3.8) 1 (2.0) 0.53 (0.05 to 5.57) −2.49 (–11.39 to 6.42)
  1 7 (13.5) 5 (19,2) 1.51 (0.64 to 3.53) 9.36 (–9.77 to 28.49)
  2 12 (23.1) 8 (16.0) 0.70 (0.33 to 1.52) −9.36 (–29.43 to 0.71)
  3 12 (23.1) 10 (20.0) 0.88 (0.43 to 1.78) −3.80 (–24.6 to 16.99)
  4 5 (9.6) 7 (14.0) 1.48 (0.52 to 4.24) 6.29 (–10.52 to 23.1)
  Missing 14 (26.9) 14 (28.0)  
Arthrodesis (2 years) 1 (2.0) 5 (10.2) 5 (0.61 to 41.2) 8.16 (–1.19 to 17.5)
  ELA 0 (0.0) 5 (14.3) n/a 14.29 (2.69 to 25.88)
  STA 1 (11.1) 0 (0.0) n/a −11.11 (–31.64 to 9.42)

Abbreviations: CRIF, closed reduction and internal fixation; CT, computed tomography; ELA, extended lateral approach; n/a, not applicable; STA, sinus 
tarsi approach; 2D, 2-dimensional; 3D, 3-dimensional.
aClassification according to Kellgren and Lawrence.21

previously mentioned joints and the sustentaculum tali and 
medial wall. When scoring to such an extent, instead of solely 
focusing on, for example, the joint surface, one is more likely 
to find indications for improvement. Moreover, images were 
often difficult to interpret due to the amount of scattering 
caused by the implants regardless of software used. Third and 
most important, the evaluation of our CT images was done 
outside of the operation room. Consequently, observers were 
not hampered by the reality of operative challenges, addi-
tional risks of further surgical procedures, and time con-
straints, lowering the threshold for finding indications for 
implant and reduction improvement.

The indicated revisions were identified by the operating 
surgeons in only 10 patients, and only 3 of them were 

actually revised. The postoperative CT scans were evaluated 
by the operating surgeon but not scored by them according 
to the 23-item scoring list. Therefore, we do not know 
whether the other indicated revisions were also identified by 
the operating surgeons. Reasons for the much lower actual 
revision rate could have been the operating surgeons did not 
agree with the rater’s indications for revision. Other reasons 
could be lack of bone stock, technical challenges, or risk of 
wound infection by a second operation.

Despite the high percentage of indicated revisions, func-
tional results of our cohort are comparable to the literature. 
In 2009, Kienast et al24 used 3D fluoroscopy in a series of 
136 operatively treated calcaneal fractures. At an average 
follow-up of 8.6 months, the average AOFAS score was 
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between 81 and 84. The previously mentioned study by 
Gwak et al18 reported average AOFAS scores between 78.3 
and 82.3 after a 2-year follow-up. The minimal clinically 
important difference (MCID) of the AOFAS score follow-
ing calcaneal fracture surgery is not known, but the AOFAS 
difference between 2D and 3D groups is well below the 
known MCID for hallux valgus surgery (7.9 points).8 SF-36 
scores are comparable to other large clinical trials.2,17

In this study, there was an indication for a revision in, 
respectively, 69.4% of the 3D group vs 59.6% in the 2D 
group. This indication for revision rate almost triples the 
20% described in the literature.2,7,17 The reason for this dif-
ference is that we performed an extensive evaluation of the 
postoperative CT scan, while most of the mentioned studies 

based their indications for revision on postoperative X-rays. 
Not all articular incongruencies and misplaced fixation 
material found in CT scans are detected on X-rays.

In addition, the strict evaluation of the postoperative CT 
scan showed no relation with the postoperative clinical out-
come or incidence of 2-year posttraumatic arthritis. This 
could be due to our limited number of patients and the vari-
ety of incidence of incongruencies in the reduction and fixa-
tion of the calcaneal fractures. Another reason could be that 
the indications for revisions based on the postoperative CT 
scan were too strict.

In our study, 24.5% of patients had a postoperative wound 
infection, which is quite high but also encountered in other 
studies.2,12,17 The large number of extended lateral approaches 

Figure 1.  Three-dimensional (3D) fluoroscopy compared to computed tomography (CT) scanning. (A) This patient was randomized 
in the conventional 2-dimensional (2D) fluoroscopy group. The upper image is the 3D scan. The postoperative CT scan (bottom 
image) clearly showed an unacceptable reduction of the posterior talocalcaneal joint and an intra-articular screw position; both 
findings were also recognized on the postoperative evaluation of the 3D fluoroscopy. Patient underwent revision surgery within 24 
hours and had suffered from a superficial wound infection. (B) This patient was randomized to the 3D fluoroscopy group. The 3D 
images (upper image), however, show substantial scattering, impeding proper evaluation of the images. The postoperative CT scan 
(bottom image) showed a medially protruding screw that missed the sustentaculum. 
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was responsible for the more than 20% of wound compli-
cations, comparable to the literature.26,31 Although there is 
a shift to the use of the sinus tarsi approach, the extended 
lateral approach has not been abandoned completely.20 
Even though there is a difference in infectious complica-
tions between ELA and STA, Schepers et al31 showed there 
are no differences in radiological outcome between the 2 
approaches. In addition, the type of approach was not 
related to patient-relevant outcome or posttraumatic arthri-
tis in our study.

A strength of this study is that we were able to evaluate 
clinical effectiveness of this technique by comparison of an 
intervention (3D) and a control group (2D). Not only were 
we able to obtain validated functional outcome parameters, 
but we also systematically evaluated reduction and hard-
ware position on CT using a detailed protocol. Instead of 
exact measurements that are mostly performed in research 
settings, we have used subjective evaluations (eg, good, 
moderate, or poor). This approach mimics intraoperative 
evaluation. During surgery, no measurements (eg, Böhler 
angle measurement) can be performed—the surgeon can 
only eyeball the quality of reduction and fixation, based on 
his or her experience with the acceptable measurements. 
Moreover, subjective (categorical) and objective (numeri-
cal values) evaluations have previously proven to have a 
good correlation.19

Limitations of this study include that as the project pro-
gressed, surgeons became more accustomed to the use of 
3D fluoroscopy techniques. Inspired by the benefits of mul-
tiple-angle views, surgeons sporadically used continuous 
fluoroscopy while turning the foot manually. This maneu-
ver potentially provided additional information, leading to 
more radiation exposure, and reduced the additional value 
of 3D fluoroscopy. Even though study inclusion was ended 
prior to reaching the expected 250 inclusions for the pri-
mary radiological outcome, no trend toward clinically rele-
vant differences was seen. Therefore, we do not believe 
results would have been different if we had included more 
patients. Our power calculation was based on a suboptimal 
reduction and fixation of only 17% based on postoperative 
X-rays. As we can identify more suboptimal aspects in 
reduction and fixation based on a CT scan, first a definition 
of CT-based indications for revisions should have been 
developed to perform a proper power analysis.

This study was designed with analysis of the diagnostic 
accuracy of 3D fluoroscopy in mind. For this purpose, both 
randomization groups were subject to 3D fluoroscopy. As 
the radiation dose of a single 3D scan is different for each 
individual patient, we were not able to correct for the 
received 3D scan in the 2D group. Hence, the additional 
radiation dose in the 3D group as mentioned in Table 2 is a 
consequence of fluoroscopy (2D and/or 3D) used after the 
initial 3D scan. The maximum equivalent dosage of a 3D-RX 
scan of the extremities is 17 µSv. Although more 3D scans 

were performed in the 3D group, no clinically relevant dif-
ference could be seen between groups in terms of radiation 
exposure. Unfortunately, we cannot extract the radiation 
dose used for 2D fluoroscopy alone and the fluoroscopy 
used for the 3D run. However, this suggests that the addi-
tional 2D fluoroscopy dosage used for 2D images is compa-
rable to the radiation dose of a 3D scan. Additional radiation 
exposure for the patient and personnel can be classified as 
“minor risk” according to the International Commission on 
Radiological Protection (ICRP) (report ICRP62).

The radiation exposure is expressed as DAP in mGy*cm2. 
We chose to refrain from estimating effective dose (mSv) 
because of its uncertain reliability.30,33 Rausch et  al29 
reported a mean DAP of 392 ± 145 mGy/cm2 for 3D fluo-
roscopy in a series of operatively treated wrist fractures. 
Our 3D group received a median of 726 mGy/cm2. The big-
ger mass of the lower extremity is accountable for a large 
part of this difference in radiation dose.

With high percentages of intraoperative corrections, 
mainly implant related, it is likely that 3D fluoroscopy has 
some form of advantage. Future studies should elucidate 
and specify these advantages, potentially by narrowing 
down the indications for use of this technique. Calcaneal 
fractures that are particularly at risk for medial or intra-
articular screw protrusion might benefit more from 3D fluo-
roscopy than fractures that need less complex fixation.

Conclusion

The use of intraoperative 3D fluoroscopy prolonged the pro-
cedure without improving the quality of reduction and fixa-
tion in the management of calcaneal fractures. We found no 
benefit of intraoperative 3D vs 2D fluoroscopy with regard to 
postoperative complications, quality of life, functional out-
come, or posttraumatic osteoarthritis at 2-year follow-up.
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