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ARTICLE INFO ABSTRACT
Article history: Background: Although cements are widely used during arthroplasty procedures, few recommendations
Received 27 June 2018 exist regarding their optimal usage modalities, which, nevertheless, govern the long-term surgical out-

Accepted 19 November 2018 comes. No detailed information is available on how cements are used in French hospitals. The objectives

of this questionnaire survey among surgeons working at a multi-site university hospital in France were
Keywords: to describe practices, determine whether these varied with surgeon experience, and look for differences
Bone cement compared to recommendations.

?;;r‘::ﬁ tine technique Hypothesis: Cementing techniques vary widely among surgeons at a university hospital.
Guidelinef q Material and methods: A questionnaire was sent to the five orthopaedic departments of our university

hospital to collect data on the surgeons (age, sex, years of experience), their practice (type of implants
used, annual number of arthroplasties with each arthroplasty type and each indication, and proportion
of cemented arthroplasties), the type of cement used, and the cementing technique.
Results: Of the 34 surgeons, 21 completed the questionnaire, 20 males and 1 female with a mean
age of 41 years (range, 31-59 years) and a mean of 11 years (range, 1-29 years) of experience. High-
viscosity antibiotic-loaded cement was preferred by 20 (95%) surgeons, notably for knee arthroplasties,
of which the median annual numbers were 55 (range, 0-218) and 8 (range, 1-40) for primary and revi-
sion cemented procedures, respectively. Various cementing techniques in ambient air were used: 12/21
(57%) surgeons used pulsed lavage to prepare the bone before cementation and 18/21 (86%) applied the
cement to both the bone cuts and the implant. Of the 18 surgeons who performed knee arthroplasties,
12 used pulsed lavage, including 9 of the 11 surgeons with more than 5 years of experience and only 3
of the 7 less experienced surgeons. Similarly, of the 12 surgeons who used pulsed lavage for cemented
arthroplasties, 11 were among the 12 surgeons who performed more than 15 cemented arthroplasties
annually and 1 was among the 6 who performed fewer cemented arthroplasties.
Discussion: Cementing techniques varied widely, reflecting the dearth of recommendations and contro-
versial results of published studies. In our centre, the use of pulsed lavage to improve bone preparation
and cement application to both the bone and the implant should be promoted, as both techniques are uni-
versally advocated. Our study demonstrates the need to provide surgeons with opportunities to exchange
their experiences about the other aspects of cementing in order to harmonise practices and to optimise
the use of cement.
Level of evidence: 1V, questionnaire survey.

© 2019 Elsevier Masson SAS. All rights reserved.

1. Introduction

Polymer bone cements have been used in orthopaedic surgery

—_— for many years. Nevertheless, no consensus exists regarding the
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technique are known to influence the risk of aseptic loosening 2],
being among the leading reasons for hip and knee arthroplasty revi-
sion (29%-45%) [3-5]. The optimal use of bone cements increases
long-term arthroplasty success rate [6].

In France, orthopaedic surgeons receive little guidance about
cement use during their training. Furthermore, recommendations
about cementing techniques are extremely scarce. The introduc-
tion on the market of cementless prostheses, notably for the hip,
does not encourage further training about cementation and may
explain the limited experience of surgeons with cement prepara-
tion, preparation of bone recipient sites, and cement application
techniques. Several surveys about cementing practices were per-
formed over the last few decades in other countries [7-9], but no
detailed information on cementing techniques used in French hos-
pitals is available.

The objectives of this questionnaire survey among surgeons
working in a multi-site university hospital in France were to
describe practices, determine whether these varied according
to surgeon experience, and highlight differences with existing
recommendations. The working hypothesis was that cementing
techniques varied widely among surgeons in a university hospital.

2. Material and methods
2.1. Material

The surgeons at our university hospital were asked to partici-
pate in a questionnaire survey. The questionnaire (Supplementary
Data) was developed by a pharmacy resident (MB) and a hos-
pital pharmacist (EC) in charge of implantable medical devices
since 2003 then validated by a senior orthopaedic surgeon
(AV). The questionnaire content was based on a review of the
literature and of clinical practice guidelines about cementing
techniques.

The first section of the questionnaire collected data on the
respondent, including age, sex, number of years of experience,
type of arthroplasties performed (hip, knee, shoulder, ankle, and/or
other), annual number of each type of arthroplasty in each indica-
tion (primary arthroplasty, revision arthroplasty, or spacer), and
proportion of cemented arthroplasties. The second section asked
about the type or types of bone cement used and the cement-
ing techniques in terms of cement preparation, application, and
pressurisation.

2.2. Methods

The questionnaire was emailed to the heads of four adult and
one paediatric orthopaedic surgery departments at our hospi-
tal. The department heads were asked to send the questionnaire
to all the surgeons in their team. Respondents then returned
the completed questionnaires by email. The first email was sent
on 31 January 2017, a reminder was sent 1 month later, and
the completed questionnaires were to be returned by 31 March
2017. Additional data were collected in 2018 to assess actual
caseloads for 2017. Missing data were obtained via implant
traceability.

2.3. Statistical analysis

The questionnaire data were anonymised, entered into the study
database, and analysed using Excel 2010™ (Microsoft, Redmond,
WA, USA). Descriptive statistics were computed.

Orthopaedic surgeons
invited to the study
(n=34)

Questionnaire
emailed

Spontaneous responses
(n=8)

Reminder after 1
month

Total respondents
(n=21)

l

Respondents who used
cement (n=21)

/

CF SP Prof.
(n=6) (n=10) (n=5)

Fig. 1. Flow-chart of the study participants. Prof.: professor; SP: staff physician; CF:
clinical fellow.

Table 1
Features of the respondents.
Number of respondents 21
Males, n 20
Age, years, mean + SD (range) 414+10(31-59)
Job title, n
Professor 5
Staff physician 10
Clinical fellow 6

Years of experience, mean + SD (range) 11+10(1-29)

3. Results

Of the 34 orthopaedic surgeons in the hospital, 21 returned
the questionnaire (Fig. 1). Table 1 lists their main features. All
respondents used bone cements in their everyday practice. Of the
21 respondents, 20 were male; mean age was 41 years (range,
31-59 years) and mean years of experience in orthopaedic surgery
was 11 (range, 1-29 years). Table 2 reports the annual num-
ber of arthroplasty procedures performed and the proportion of
cemented arthroplasties. Bone cement was used chiefly for knee
arthroplasty, with annual median numbers of 55 (range, 0-218)
primary arthroplasties and 8 (range, 1-40) revision arthroplasties.
Table 3 describes the cementing techniques used by the respon-
dents. Of the 21 respondents, 20 (95%) preferred high-viscosity
gentamicin-loaded cement, except for the upper limb, for which
cement without antibiotics was used. All 21 respondents indi-
cated that the main reason for using cement was implant fixation
during primary or revision arthroplasty. In addition, 10/21 respon-
dents stated that they occasionally used cement as a spacer when
performing two-stage revision arthroplasty, in compliance with
European Union certification of bone cements. All respondents
prepared the cement in ambient air; none used vacuum systems.
Pulsed lavage was used for preparation by 12/21 (57%) respon-
dents. Of the 15 respondents who reported using a cement gun,
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Caseloads for each type of arthroplasty in 2017.

385

Type of arthroplasty

N of surgeons

N of arthroplas-
ties/year/surgeon
median (range)

N of cemented arthro-
plasties/year/surgeon
median (range)

% of cemented
arthroplasties median
(range)

Primary THA 19 45 (1-429) 0(0-21) 0% (0-14)
Revision THA 19 9(1-112) 1(0-10) 10% (0-100)
Primary TKA 18 78 (5-218) 55 (0-218) 92% (0-100)
Revision TKA 16 8 (2-40) 8 (1-40) 100% (50-100)
Primary TSA 5 7(1-18) 2(0-3) 43% (0-100)
Revision TSA 2 1(0-1) 1(0-1) 50% (0-100)
Primary TEA 1 3 3(3-3) 100%

Revision TAA 2 27 (9-44) 2(0-3) 3% (0-7)

THA; total hip arthroplasty; TKA; total knee arthroplasty; TSA; total shoulder arthroplasty; TEA; total elbow arthroplasty; TAA; total ankle arthroplasty.

9 used a gun only for revision total hip arthroplasty and 6 only
for cementing the stems of total knee prostheses. Application
of the cement to both the bone and the implant was reported
by 18/21 (86%) surgeons, including the 12 surgeons who used
pulsed lavage. Pressurisation was achieved manually using a gauze
square, spatula, or gun at the femur during hip arthroplasty. Finally,
when performing total knee arthroplasty, 10 surgeons cemented
only part of the stem and 8 the entire stem. No surgeons used
cement for ankle implant fixation, as only cementless ankle pros-
theses are available in Europe; however, cement was used after
curetting of osteolytic defects and as a spacer after prosthesis
removal.

For the hip and knee, the only items that differed with years
of experience was the use of pulsed lavage. Of the 18 sur-
geons who performed knee arthroplasties, 6 did not use pulsed
lavage, including 4 of the 7 surgeons with less than 5 years of
experience compared to only 2 of the 11 more experienced sur-
geons. Similarly, among the 6 surgeons who did not use pulsed
lavage, 5 were among the 6 surgeons performing fewer than
15 cemented arthroplasties per year and only 1 was among the
12 surgeons performing at least 15 cemented arthroplasties per
year.

4. Discussion

This is the first survey of practices regarding the use of bone
cement for orthopaedic surgery in France. We obtained information
on the practices of several teams of orthopaedic surgeons work-
ing in a university hospital. Considerable variability was found in
cementing practices, indicating a need for better surgeon training
in the use of bone cement and for fostering exchanges with the goal
of developing uniform strategies. Training is all the more essential
given the paucity of clinical practice guidelines on the use of bone
cement and the conflicting nature of published data on this topic.

High-viscosity gentamicin-loaded cement was used predomi-
nantly in our hospital, in keeping with reports from other countries
[7-9] and in compliance with recommendations issued by the
French National Authority for Health (HAS) [10]. Bone cement must
be prepared by mixing its liquid and powder components. This
preparation step governs the final quality of the cement and, conse-
quently, the strength of implant fixation to bone. Vacuum devices
for cement mixing are not available at our hospital and are less often
used overall in France than in other countries (Table 4). The main
barriers to the use of vacuum devices are cost (30 € to 50 €) and
uncertainty in the literature regarding clinical benefits [11-13].

Before cementing, the recipient bone must be cleansed and
dried. Abundant irrigation of the bone cuts by pulsed lavage
is recommended for both hip and knee arthroplasty [14-16]
and is widely used according to surveys done in other coun-
tries (Table 4). Our study demonstrates that pulsed lavage is
insufficiently used in our institution and should therefore be
promoted.

Various methods are used to apply and pressurise bone cement,
both in our hospital and elsewhere (Table 4). Manual cement appli-
cation methods include a gauze pad, finger packing, a spatula, and a
syringe. Alternatively, a cement gun that applies the cement under
pressure can be used [17]. The data available in the literature are not
sufficient to determine which method is optimal. Manual methods
may fail to ensure adequate penetration of the cement, but using
a cement gun carries a theoretical risk of thermal injury and bone
loss, which may be greatest during revision arthroplasty [18-20].
The cement can be applied to the bone, the implant, or both. These
three techniques have been compared, notably during knee arthro-
plasty. Cementing both the bone and the implant may provide
optimal cement penetration within bone [2,18]. Finally, pressuri-
sation after cement application is indispensable to ensure final
hardening and to prevent a drop in intramedullary pressure. Other
benefits of pressurisation are improved penetration of the cement
into cancellous bone and decreased cement porosity [21,22]. In the
absence of clear recommendations, preference should be given to
cement application on both the bone cuts and the implant compo-
nents. The applications and pressurisation methods should be left
at the discretion of each surgeon. In sum, cementing practices at
our hospital, although heterogeneous, seem acceptable, except for
insufficient use of pulsed lavage.

This study has several limitations. The data were obtained by
self-report and may therefore not be fully representative of actual
practices. Nevertheless, the data on caseload, types of cement
used, and cement preparation methods were confirmed by check-
ing the traceability data for the implants and cements and the
list of devices available at our hospital (cement guns and vacuum
mixing systems). Although the participants in our survey worked
in five different departments, all these were in the same hospi-
tal and provided the same cements and ancillary devices (e.g.,
cement guns and mixing systems). It would be of interest to con-
duct a larger survey throughout a region or the entire country.
The response rate was satisfactory and similar to that in surveys
of bone cement usage performed in other countries [7-9,23]. In
addition, most of the non-respondents were clinical fellows who
had less experience and lower caseloads compared to the staff
surgeons.



Table 3

Cements and cementing techniques used by each surgeon.

Site Job title Experience Name of cement N cemented N cemented N cemented N cemented N cemented Pulsed lavage Application Application Pressurisation  Tibial stem
(y) implants/Total  implants/Total implants/Total implants/Total implants/Total method site(s) method cementation
primary THA, revision THA, primary TKA, revision TKA, other (TSA, TEA,
n/n (%) nin (%) n/n (%) n/n (%) TAA),
nin (%)
1 Prof.P 27 Palacos R+G 21/429 (5%) 13/115(11%) 0 0 0 No Gun (THA) Bone and Gauze pad NA
implant
1 SP 7 Palacos R+G 0/61 (0%) 0/6 (0%) 70/105 (67%) 12/12 (100%) 0 No Gun (THA), Bone and Spatula Partial
Spatula (TKA) implant
1 CF 2 Palacos R+G 2163 (3%) 3/17 (18%) 6/7 (86%) 3/3 (100%) TSA-P, 1/1 No Manual Bone and Manual or gauze Partial
(100%) implant pad
Refobacin LV? 0 0 0 0 NA Manual NA NA NA
1 SP 6 Palacos R+G 0/15 (0%) 0/6 (0%) 3/25 (12%) 7/7 (100%) 0 Yes Manual Bone and Manual or Complete
implant spatula
1 CF 1 Palacos R+G 2/45 (4%) 0/10 (0%) 4|7 (57%) 3/3 (100%) TSA-P, 3/18 No Gun (THA) or Bone (TSA) or Gauze pad Partial
(17%) Manual Bone and
TSA-R, 1/1 implant
(100%)
1 SP 27 Palacos R+G 0 0 0 0 TAA, 3/44(3%) No Manual Bone and Manual or NA
implant syringe
1 CFP 2 Palacos R+G 0/15 (0%) 0/9 (0%) 3/13 (23%) 8/8 (100%) 0 No Manual Bone and Spatula Complete
implant
Refobacin LV? 0 0 0 0 NA Manual NA NA NA
2 Prof.” 13 Palacos R+G 0/2 (0%) 0/1 (0%) 84/86 (98%) 9/9 (100%) TSA-P, 3/7 (43%) Yes Manual and/or  Bone and Spatula Partial
Gun implant
2 Prof.P 11 Palacos R+G 6/195 (3%) 1/10 (10%) 218/218 (100%) 11/11 (100%) 0 Yes Manual and/or  Bone and Spatula Partial
Gun implant
2 CF 1 Palacos R+G 0/40 (0%) 10/20 (50%) 60/60 (100%) 40/40 (100%) 0 Yes Manual and/or  Bone and Spatula Partial
Gun implant
2 CFP 2 Palacos R+G 3/24 (13%) 0/1 (0%) 92/94 (98%) 16/16 (100%) 0 Yes Manual and/or  Bone and Spatula Partial
Gun implant
2 CF> 2 Palacos R+G 223 (9%) 0/9 (0%) 85/85 (100%) 7/7 (100%) 0 Yes Manual and/or  Bone and Spatula Partial
Gun implant
3 spb 7 Palacos R+G 9/63 (14%) 6/7 (86%) 14/48 (29%) 7/14 (50%) 0 Yes Manual and/or  Bone and NS Complete
Gun implant
3 Prof.” 29 Simplex 0 0 0 0 TSA-P,0/10(0%) No NS Bone Other NA
TSA-R, 0/1 (0%)
TEA 3/3 (100%)
3 SP 5 Palacos R+G 0/40 (0%) 1/4 (25%) 0/20 (0%) 1/2 (50%) 0 No Manual Implant NS Partial
4 Prof. 16 Palacos R+G 0/1 (0%) 2/2(100%) 5/5(100%) 0 TSA-P, 2/2 No Gun Bone NS Partial
(100%)
Palacos LV+G
5 SP 11 Refobacin R 0/137 (0%) 4/11 (36%) 168/168 (100%) 6/6 (100%) 0 Yes Manual, Bone and Manual or gun  Complete
Genta Osteotome, or implant (THA)
Gun (THA)
5 SpP 7 Refobacin R 1/136 (4%) 0/7 (0%) 128/128 (100%) 8/8 (100%) 0 Yes Manual, Bone and Manual or gun  Complete
Genta Osteotome, or  implant (THA)
Gun (THA)
5 SP 27 Refobacin R 0/152 (0%) 1/10(10%) 203/203 (100%) 15/15 (100%) 0 Yes Manual, Bone and Manual or gun  Complete
Genta Osteotome, or  implant (THA)
Gun (THA)
5 spb 11 Refobacin R 0/38 (0%) 1/4 (25%) 50/71 (70%) 0 TAA, 0/9 (0%) Yes Manual, Bone and Manual or gun  Complete
Genta Osteotome, or  implant (THA)
Gun (THA)
5 spb 29 Refobacin R 0/209 (0%) 3/18 (17%) 17/165 (10%) 2/2 (100%) 0 Yes Manual, Bone and Manual or gun  Complete
Genta Osteotome, or implant (THA)
Gun (THA)

Prof: professor; SP: staff physician; CF: clinical fellow; TSA: total shoulder arthroplasty; P: primary; R, revision; TAA: total ankle arthroplasty; TEA: total elbow arthroplasty; NA: not applicable; NS: not specified.
2 Refobacin low-viscosity used as a spacer for two-stage surgery.
b Surgeons for whom we used traceability data to assess their 2017 caseload.
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Table 4
Previous questionnaire studies of cements and cementing techniques.

Authors Phillips et al. [7] Lutz et al. [23] Nedungayil et al. [8] Fischer et al. [9] Our study

Country UK Australia UK Germany France

Extent National Regional (Queensland) National National Local

Date of publication 1996 2002 2006 2010 2018

Number of 597/1162 (62%) 110/129 (85%) 762/1620 (47%) 255/492 (52%) 21/34 (62%)

respondents, n (%)

Arthroplasty types TKA (revisions) TKA (revisions) THA, including 77% THA THA, TKA, TSA, TEA and

Frequency of use of
cement

N (%) of respondents
who used cement
Most common used
cement

Vacuum system to mix
the cement
Pulsed lavage

Bone drying
Application

Cement applied to
bone and implant

Cemented implant

Pressurisation

Mean: 34.3/an
Range, 20-40 for most
surgeons

567/597 (95%)

Palacos R+G (59%)

NS
244 (43%)

499 (88%)
Variable:

gun (9%), other
techniques

Femoral component:
62%

Tibial component: 33%
no consensus

95% for the patella and
tibia

80% for the femur

NA

NS

77/110 (70%)

NS

NS
52 (68%)

71 (92%)

Variable:

Manual (31%), Spatula
(21%), gun (7%), finger
packing (31%)

NS

Tibia

Tibia: gun (5%), other

revisions

31% of surgeons did
<30 THAs/year
27%: 30-50/year
15%: 50-70/year
568/762 (75%)

High-viscosity (82%),
antibiotic-loaded (77%)
cement

Palacos R+G (59%)

Yes (94%)

Femur: 494 (87%)
NS

Femur: gun (95%),
finger packing (4%)

NS

Femur

Variable:

manual (33%),
pressurisation device
(30%), both (36%)

In 40% of centres, >40%
of THAs/year were
cemented

NS

Palacos R+G (52%)

Yes (85%)

Femur: 199 (78%)
Acetabulum: 170 (67%)
NS

Femur: gun (86%)
Acetabulum: gun (32%)

NS

Acetabulum and femur

Acetabulum: manual
(89%)

TAA (primary and
revision)

THA-P: 0 (n=19)
THA-R: 1/year (n=19)
TKA-P: 55/year (n=18)
TKA-R: 8/year (n=16)
21/21(100%)

High-viscosity
gentamicin-loaded
cement (95%)

No

12 (57%)

NS

Variable:

manual (90%), gun
(71%) for THA revision

and TKA diaphysis
86%

NS

Manual or gun (THA)

TKA; total knee arthroplasty; THA; total hip arthroplasty; TSA; total shoulder arthroplasty; TEA; total elbow arthroplasty; TAA; total ankle arthroplasty; NS; not specified;
NA; not applicable; P; primary; R; revision.

5. Conclusion

Contribution

This study demonstrated considerable heterogeneity in cement-
ing techniques in a French university hospital, in keeping with
reports from other countries. This heterogeneity can be ascribed
to the absence of clear recommendations issued by scientific soci-
eties and to the variable and at times conflicting data published
in the literature. Exchanges should be fostered with the goal of
developing uniform cementing strategies. Consequently, a nation-
wide multi-centre survey of cementing practices in France would
be welcome.
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