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Abstract

Purpose The current rehabilitation for patients with surgically treated displaced intra-articular calcaneal fractures (DIACFs)
consists of non-weightbearing for 8—12 weeks. The purpose of the present survey was to investigate the current pre-, peri- and
post-operative practices among Dutch foot and ankle surgeons. Moreover, it aims to analyze whether surgeons comply to the
Arbeitsgemeinschaft fiir Osteosynthesefragen (AO) guidelines and which decision criteria were used in the determination
of the start of weightbearing.

Methods A survey was distributed among Dutch trauma and orthopaedic surgeons to determine the most common practices
in postoperative weightbearing in patients with DIACFs.

Results 75 surgeons responded to the survey. 33% of the respondents adhered to the AO guidelines. 4% of the respondents
strictly followed non-weightbearing guidelines, while 96% interpret the AO guidelines or their local protocol freely, in any
frequency. When respondents tended to deviate from the AO guidelines or local protocol, a good patients’ compliance to
therapy was expected. 83% of the respondents started weightbearing on the fracture, based on reported patient complaints.
87% of the respondents did not see any relation between early weightbearing and the occurrence of complications, including
loosening of osteosynthesis materials.

Conclusion This study demonstrates that there is limited consensus on the rehabilitation for DIACFs. Moreover, it shows
that most surgeons are inclined to interpret the current (AO) guideline or their own local protocol freely. New guidelines,
supported with well-founded literature, could help surgeons in a more appropriate daily practice in weightbearing for the
rehabilitation of calcaneal fractures.

Keywords Survey - Displaced intraarticular calcaneal fractures - Trauma patients - Postoperative treatment -
Rehabilitation - Permissive weightbearing
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Introduction

The annual incidence of calcaneal fractures is approxi-
mately 11.5 per 100,000 patients and occurs 2.4 times
more frequently in males comparing to females [1]. Opera-
tive treatment is often needed in case of displaced intraar-
ticular calcaneal fractures (DIACFs), which are generally
classified by the Sanders classification [2]. Even after suc-
cessful operative treatment, long rehabilitation is required
with major impact on activities of daily living, quality of
life and socio-economic aspects [3, 4]. Anatomic surgical
restoration does not prevent gait disturbances or persistent
foot pain, yet it is thought to optimize functional outcome
[5].

The last few decades new surgical techniques have been
developed to improve functional outcomes. Percutaneous
techniques (PT) (i.e., Forgon and Zadravecz) have been
proposed to aim at lowering soft tissue compromise and
improving overall outcomes [6, 7]. While the Extensile
Lateral Approach (ELA), remains the most widely used
approach, the Sinus Tarsi Approach (STA) is gaining
ground [8].

According to the Arbeitsgemeinschaft fiir Osteosyn-
thesefragen (German: “working group for bone fusion
issues”) Principles of Fracture Management (‘AO guide-
lines’), the current aftercare protocol for patients with
DIACFs consists of 8 to 12 weeks of non-weightbearing
(NWB) followed by partial weightbearing with a weekly
increase of 25% in weight loading [9]. These guidelines
have been the standard for decades, even though the posi-
tive effects of early weightbearing on fracture healing and
maintaining muscles and bone mass are well known [10].
Therefore, it can be questioned if the guidelines should be
interpreted more broadly.

The purpose of this survey is to investigate pre-, peri-
and post-operative practices among Dutch trauma and
orthopaedic surgeons, regarding patients with DIACFs.
Moreover, it aims to analyze whether surgeons comply
to the current non-weight bearing guidelines and which
criteria were used to decide when and at what level to start
weightbearing after surgically treated DIACFs.

Materials and methods

A web-based survey was developed using online software
(http://www.surveymonkey.nl) and was distributed among
Dutch trauma and orthopaedic surgeons.

All hospitals in the Netherlands were contacted
directly through phone and e-mail in the period of May
2021 to October 2021 to find out whom of the trauma
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and orthopaedic surgeons are involved in lower extremity
fracture management. The survey was published in the
newsletter of the Dutch Trauma Society (NVT) and was
posted as a news item on their website. Finally, the survey
was brought under attention by distributing flyers at the
Dutch trauma congress (‘Traumadagen’) in 2021. The sur-
vey consists of 23 multiple choice and 7 open questions as
shown in Supplementary Information 1, a summary of the
survey is shown in Table 1. The NVT has 597 members, of
which it was estimated that around 130 surgeons are regu-
larly involved in treating calcaneal fractures surgically.

Statistical analysis

Statistical analysis was performed using IBM SPSS Sta-
tistics, Version 28.0, Armonk, NY. Descriptive statistics
were used to describe the demographic data and baseline
characteristics of the entire survey. Results are presented as
mean =+ standard deviation (SD) or as frequencies and per-
centages, unless indicated otherwise.

Results

A total of 75 surgeons responded to the survey. 54 (72%)
were trauma surgeons and 19 (25%) were orthopaedic sur-
geons. Two respondents (3%) were residents.

All respondents were active as surgeons with a mean
experience time in treating calcaneal fractures of 14.1 years.
44% of the respondents did an additional fellowship in foot
and ankle surgery. 23 respondents (31%) worked in a level-I,
39 respondents (52%) in a level-II and 13 respondents (17%)
in a level-1II trauma center [11].

Table 1 Key points, survey on pre-, peri- and postoperative practices
regarding surgically treated calcaneal fractures

Preoperative assessment
Demographics and work experience
Incidence of fracture care
Preferences on type of treatment
Radiographical preferences
(Assumptions on) time-to-surgery
Perioperative assessment
Use of fluoroscopy
Use of antibiotics
Assessment and criteria on successful treatment
Postoperative assessment
Radiographical preferences
Postoperative hospital admission
Assumptions on postoperative weight bearing and rehabilitation
Complications
Closing questions



http://www.surveymonkey.nl

European Journal of Orthopaedic Surgery & Traumatology (2024) 34:209-216

211

30 respondents (40%) indicated that their center treated
less than 10 fractures operatively, in 42 centers (56%) 11-40
fractures were operatively treated, and in 3 centers (4%)
more than 40 calcaneal fractures were treated operatively
per year, as shown Fig. 1.

Preoperative assessment (n=75)

Most of the respondents classified calcaneal fractures by
evaluating the subtalar joint (fracture gap and step-off) on
a CT-scan (84%). 71% did so by using the Sanders classi-
fication [2]. One respondent used the Zwipp classification,
26% of the surgeons used the Essex-Lopresti classification
[12, 13].

9 out of 10 respondents preferred to treat non-displaced
fractures (Sanders type I) conservatively. 61% to 77% of the
respondents were very likely to treat a Sanders type II or III
fracture by using ELA or STA. STA was more preferred than
the ELA. Between 13 and 23% were very likely to consider
the use of PT.

The treatment of Sanders type IV calcaneal fractures
showed the most variation in the preferred treatment. 34%
of the respondents inclined towards the use of the ELA as
treatment of choice. To a lesser extent the STA (20%), con-
servative treatment (16%), primary arthrodesis (16%) and
PT (14%) were chosen.

According to the respondents the ideal time from trauma
to surgery (TTS) would be 9-10 days. The self-estimated
mean TTS was 9.9 days.

Perioperative assessment (n=31)
Independent of the type of surgery or fracture, almost

66% of the respondents used one fluoroscope, 16% of the
respondents used two. Another 16% used a 3D technique.

Fig. 1 Estimated percentage 50%

All respondents provided their patients preoperative antibi-
otic prophylaxis.

Almost all respondents (94%) considered a congruent
subtalar joint or a congruent angle of Bohler (87%) as a
marker for successful reposition [14]. Approximately half of
them (48%) applied the difference in pre- and postoperative
angle of Gissane to describe the reduction [13].

Postoperative assessment (n=31)

The estimated mean postoperative hospital admission time
was 2.2 days. Generally, 33% of the respondents adhered
to the current non-weight bearing guidelines (8—12 weeks
NWB). 47% of the respondents started weightbearing after
wound healing. 4% of the surgeons strictly followed their
local (non-weightbearing) guidelines, while 96% of the
respondents interpret their local protocol more freely, in
any frequency. If so, a presumed good patients’ compliance
to therapy is expected by 73% of the respondents, shown in
Fig. 2.

83% starts weightbearing with increasing the actual load
weekly, based on reported patient complaints. As shown in
Fig. 3, full weightbearing (FWB) was described as walk-
ing without crutches or walking with one crutch, but with
FWB on the affected side by 83%. 13% described FWB as
the ability to stand on the affected side. 87% reported not
to see any relation between early weightbearing and the
occurrence of complications, including loosening of osteo-
synthesis materials. All respondents requested their patients
to return to the outpatient clinic for the first check-up, two
weeks postoperatively.

Figure 4 shows that respondents expect the ELA to be
most likely to cause complications (19%). While STA and
PT are thought to be the cause of complications in 9% and
5%.
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Fig.2 Motivation for deviating 80%
from local protocol
70%
60%
50%
40%
30%
20%
10%
00/0 T T 1
Based on clinical Based on gut feeling Based on evidence  Does not deviate
experiences from the guidelines
Fig. 3 Definition of ‘full weight 50%
bearing’
45%
40%
35%
30%
25%
20%
15%
10%
5%
0% . . . — .
Walking with  Able to stand on Walking without Remain daily Other
crutches, full the affected side crutches activities
weight bearing (climbing stairs,
on affected side run or jump)
Fig.4 Surgeon estimated 20%
complication rate per opera-
tion technique. Abbreviations: 18%-
ELA =Extended Lateral
Approach, STA =Sinus Tarsi 16%-
Approach, PT = percutaneous 149,
techniques T
12%-
10%-
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Discussion

The current study investigated the current state of pre-,
peri- and postoperative practice of calcaneal fractures
and the start of aftercare involving weightbearing among
Dutch (orthopaedic) trauma surgeons, specialized in foot-
and ankle fracture management.

Preoperative assessment

This study illustrated a consensus on the preferred TTS.
The desired TTS in this study is comparable to inter-
national literature [15]. Nevertheless, the ideal TTS
for DIACFs remains a debate in many studies [16—18].
Although no golden standard exists, to prevent soft tissue
complications, the ‘wrinkle test’ is performed to determine
the decrease of swelling.

Although in recent literature it was stated that radio-
logical measurements should not be considered to be guid-
ance in the postoperative period, this study shows that the
Sanders classification and evaluation of the subtalar joint
are mostly used as methods to classify DIACFs. Literature
confirms the popularity of the Sanders classification as the
most well-known and used system for describing DIACFs
[19, 20].

Two-third of the foot and ankle surgeons in this study
consider ORIF as preferred technique in treating Sanders
type II fractures. There was a mild preference for STA
over ELA. In 2008, a study conducted by Schepers et al.
showed that the majority of the patients were treated with
ORIF (i.e., ELA and STA 46%), conservatively (39%) or
with percutaneous screw fixation (10%) [21]. In contrast
to our survey, the study by Schepers et al. did not differ-
entiate between more or less severely dislocated fractures
by using the Sanders classification. A recent systematic
review concluded that STA may be the preferred approach
in the operative treatment of patients with displaced Sand-
ers type II and III DIACFs in order to reduce wound heal-
ing complications, time-to-surgery and operative time and
shows a similar restoration of calcaneal anatomy [15].
Although better clinical outcomes favoring STA seem to
be achieved, recent literature showed no significant differ-
ence in the cost-effectiveness of ELA versus STA (ELA
$8766.8 +2835.2/QALY, STA $7914.9 + 1822.0/QALY
respectively) [22].

Between 13 and 23% of the surgeons would consider PT
as preferred technique in treating Sanders type II and III.
Another 13% would consider PT for Sanders type IV. This
is a rise in numbers, compared to a national survey per-
formed by Schepers et al. in 2008 (10%), however, in that
study no differentiation in Sanders type was made [21].

Although these numbers are rising in the Netherlands, PT
might be undervalued. A recent study from colleagues of
our research group comparing ELA and PT in DIACFs
with a follow-up of 20 years, showed similarity in restor-
ing Bohlers angle, with similar functional outcomes [23].
Three decades ago, Sanders et al. suggested that primary
subtalar arthrodesis (PSTA) has advantages in treating
patients with DIACFs, type IV [24]. Since then, PSTA has
been the golden standard. However, a recent, randomized
multicenter trial showed no significant difference in the
treatment of type IV fractures between ORIF and ORIF
combined with PSTA [4]. The results in this survey show
that surgeons in the Netherlands are indecisive as it comes
to the treatment of Sanders type IV. Only a minority of
respondents choses for PSTA as treatment of choice.

Perioperative assessment

This study showed that almost all surgeons use fluoroscopy
during the operation, while 32% of the surgeons used a 3D
evaluation technique. The effect of a 3D technique remains
unclear as in recent literature it was stated that there is no
benefit for the use of intraoperative 3D fluoroscopy with
regard to postoperative complications, quality of life, func-
tional outcome, or posttraumatic osteoarthritis [25]. Yet, the
use of the 3D technique leads to a significant increase of
18% in operative time [25].

Postoperative assessment

Our survey showed that 90% of the respondents does not
think there is an association between early weightbearing
and the occurrence of complications. The estimated com-
plication rate for the ELA is in line with a retrospective case
series, that found wound infection rate of 25% [26]. The
estimated complication rate for the STA corresponds well
to a review with a complication rate of 9% [27]. For PT the
estimated complication rate was 5% and is not comparable to
literature, however heterogeneity in definitions of complica-
tions make it difficult to compare the results [28].
Secondly, this study aimed to illustrate the compliance to
the current non-weight bearing guidelines or the local proto-
col. For more than fifty years, the AO advises 8 to 12 weeks
NWB for the aftercare of patients with DIACFs [9]. It is gen-
erally assumed that trauma and orthopedic surgeons instruct
patients restricted weightbearing during rehabilitation. How-
ever, the results from our survey show that a large group of
surgeons in the Netherlands is inclined to start weightbear-
ing earlier than the proposed 8 to 12 weeks. When choosing
for earlier weightbearing, surgeons are likely to increase the
loading on the injured foot step-by-step, based on complaints
of the patient. It seems to be that the paradigm is chang-
ing, as a the survey from Schepers et al. fifteen years ago,
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reported a mean period of NWB of 9 weeks [21]. On the
other hand, a large analysis of aftercare protocols in foot
and ankle fractures stated that weightbearing in calcaneal
fractures still seemed to be allowed very cautiously. The
analysis shows that almost half of the protocols recommend
partial weightbearing only at postoperative week six, the
other half of the protocols recommended 50% weightbearing
after operative care at week six [29]. It represents the lack of
knowledge on the comparison of different aftercare protocols
after surgically treated DIACFs.

Based on our findings we conclude that there currently
is no consensus whether to restrict patients in weightbear-
ing for 6, or 8 to 12 weeks. More and more studies show
that permissive weightbearing reduces time to FWB, return
to work, and thus lowers the socioeconomic impact, while
negative effects on patients reported quality of life, pain or
complication rates are rarely reported [30]. A recent review
states multiple positive effects in early weightbearing while
aftercare from operatively treated DIACFs [31]. Although
many studies suggested the benefits of early weightbear-
ing, yet there currently is no prospective literature available
that compares operatively treated DIACFs followed by 8
to 12 weeks of restrictive weightbearing with permissive
weightbearing, let alone subdivided for different fracture
types or approaches. On the other hand, there is no recent
evidence that demonstrates the advantages of restrictive
weightbearing. Unfortunately, this study does not answer
relations between complications and (early) weightbearing.

Strengths and limitations

The strength of this survey study is that it gives a good over-
view about the national expert opinion of trauma and ortho-
paedic surgeons involved in lower extremity fracture man-
agement. Moreover, as this study has some similarities with
a survey study conducted by Schepers et al. (2008), it offers
the opportunity to assess the general trend over time [21].

This study also has some limitations. First, this study is a
national study. Although the Netherlands is a small country,
it is well-known for its progressive healthcare policies, when
it comes to outcomes, access to healthcare and drugs [32].
Therefore, the results of this study are limitedly generaliza-
ble to other European, North American, and Asian countries.

The results in the current study are survey-based. There-
fore, the results are subject to recall bias. To prevent the
occurrence of recall error as much as possible, questions
about situations in the distant past were excluded. Neverthe-
less, it has played a major role in the results of the current
study. Besides, because this study is a Likert scaled survey,
it is subject to information loss [33].

The overall response rate of the survey was lower com-
pared to the study performed by Schepers et al. However,
in a Canadian study, a response rate of 29,6% was reported
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under general surgeons, which is slightly lower than the
response rate of the current survey [34]. Moreover, our
response rate is in line with another survey on calcaneal
fractures [35]. Lastly, the study faced with incompleteness
of data, as only 40% completed the entire questionnaire.
This might indicate that the survey was too long. Paradoxi-
cally, reducing the number of questions might have led to a
decrease in the amount of data gathered from Dutch foot-
and ankle surgeons.

Conclusion

This survey assessed the expert opinion on the treatment
and aftercare of DIACFs in the Netherlands. We have dem-
onstrated that there is limited consensus on the aftercare of
calcaneal fractures. The results of the current survey might
demonstrate that surgeons in the Netherlands tend to be lib-
eral in using the international guidelines although scientific
substantiation lacks. Moreover, it shows that the majority
of surgeons are inclined to interpret the current non-weight
bearing guidelines or their own local protocol freely. New
guidelines, supported with well-founded literature, could
help surgeons in a more appropriate daily practice in weight-
bearing for the aftercare of calcaneal fractures.
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