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No difference in bacterial contamination
of hip capsule sutures and control sutures
in hip arthroplasty surgery
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Abstract

Background Perioperative preventive measures are important to further reduce the rate of periprosthetic joint
infections (PJI) in patients undergoing total hip arthroplasty (THA). During THA surgery, joint capsule sutures are
commonly placed to optimize exposure and reinsertion of the capsule. Bacterial contamination of these sutures
during the procedure poses a potential risk for postoperative infection. In this exploratory study, we assessed the
contamination rate of capsule sutures compared to the contamination of the remains of exchanged control sutures at
the time of closure.

Methods In 100 consecutive patients undergoing primary THA capsule sutures were exchanged by sterile sutures
at the time of capsule closure. Both the original sutures and the remainder of the newly placed (control) sutures were
retrieved, collected and cultured for ten days. Types of bacterial growth and contamination rates of both sutures were
assessed.

Results Sutures from 98 patients were successfully collected and analyzed. Bacterial growth was observed in 7/98
(7.1%) of the capsule sutures versus 6/98 (6.1%) of the control sutures, with a difference of 1% [Cl -6-8]. There was no
clear pattern in differences in subtypes of bacteria between groups.

Conclusions This study showed that around 7% of capsule sutures used in primary THA were contaminated with
bacteria and as such exchange by new sutures at the time of capsule closure could be an appealing PJI preventive
measure. However, since similar contamination rates were encountered with mainly non-virulent bacteria for both
suture groups, the PJI preventive effect of this measure appears to be minimal.
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Introduction

The first preventive strategies to reduce the rate of post-
operative infections date from the 1960s and included
preoperative antibiotic prophylaxis, laminar air flow in
the operating room (OR), and the use of a surgical gown
[1, 2]. Subsequent measures focused on reducing the
number of colony forming units in the air with laminar
flow, effective skin preparation, irrigation of surgical field
and sufficient wound closure [3-6]. Despite these mea-
sures, periprosthetic joint infection (PJI) after total hip
arthroplasty (THA) is still a devastating complication
with an incidence of 1-2% [7-12].

Additional perioperative preventive strategies may fur-
ther reduce the rate of PJI. It has been shown that bac-
terial contamination is likely to occur during surgery for
several materials, such as gloves and suction devices, and
repeated exchange is commonly recommended [13-16].
In line with that perspective, hip joint ‘capsule sutures’
are commonly used to expose the femoral neck and to
close the capsule after joint replacement [17]. These
sutures remain in contact with the patient’s skin dur-
ing surgery while the skin surface contamination rate in
aseptic hip revision surgery can be as high as 13% [18].

We hypothesized that these capsule sutures may be a
potential source of avoidable bacterial contamination
during THA surgery and that exchange of these sutures
at time of closure may further reduce the risk of PJI. In
order to explore the potential clinical relevance of this
procedure, a short national survey was conducted prior
to this study which showed that the capsule sutures are
indeed used on a regular basis by the majority (>60%) of
Dutch orthopedic surgeons (unpublished data).

In this study the contamination rate of capsule sutures
was established during THA surgery and compared with
the contamination of the remains of exchanged control
capsular sutures at the time of closure in THA patients.

Methods

In 100 consecutive patients undergoing primary THA
using a posterolateral approach capsule sutures were
exchanged with sterile control sutures at the time of clo-
sure. Capsule sutures and the remains of control sutures
were both cultured for bacterial contamination. All sur-
geries were performed between April and October 2022
in a high volume (>1000 arthroplasties/year) teaching
hospital by three orthopedic surgeons with more than 10
years of experience in hip surgery.

Perioperative prevention

In accordance with the hospital’s preoperative Staphylo-
coccus aureus eradication protocol, all patients used 4%
chlorhexidine gluconate (Hibiscrub®; SPPH, Quetigny,
France) and intranasal mupirocin 2% nasal ointment 2
days prior to surgery [19]. All patients received a single
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dose of 2 g of intravenous cefazolin within 60 min before
incision. The skin was disinfected using chlorhexidine
0.5% and an iodophor-impregnated plastic incise drape
(Ioban™; 3 M, Saint Paul, MN, USA) was applied.

Surgery

At the time of joint exposure, triclosan (TCS) contain-
ing sutures (Vicryl Plus; Ethicon Inc, Somerville, NJ, USA)
were placed in the hip capsule and the piriformis tendon
(Fig. 1A-B). These sutures remained in place during the
remainder of the surgery to enhance exposure and pro-
tect the sciatic nerve. At the time of closure, after joint
replacement, the original sutures were collected using
sterile instrumentation and placed in a sterile Falcon
50mL tube filled with 40 mL of Brain Heart Infusion
(BHI) broth (Oxoid, Basingstoke, UK) (Fig. 1C). Then,
gloves where changed and a new set of sterile sutures was
subsequently applied to the capsule to replace the origi-
nal sutures and to reinsert the joint capsule and the piri-
formis tendon (Fig. 1D). After fixation of the capsule and
tendon behind the greater trochanter the excess suture
ends were cut and placed in a second sterile tube filled
with BHI broth using new sterile instrumentation. These
latter sutures served as the control sutures.

Microbiology

The BHI broths were incubated at 35+1 °C in air for ten
days. The BHI broths that became cloudy were inocu-
lated on chocolate agar with Vitox (CHOC; Oxoid, Bas-
ingstoke, UK) and Fastidious Anaerobe Agar (F.A.A.)
with horse blood agar (FHB; Oxoid, Basingstoke, UK)
and incubated for four days at 35+1 °C in 5% CO, and
anaerobic atmosphere, respectively. Subsequently, spe-
cies determination of cultured bacterial colony forming
units (CFUs) on these agars were performed by Matrix-
Assisted Laser Desorption/lonization Time-of-Flight
Mass Spectrometry (MALDI-TOF MS; Bruker, Billerica,
MA, USA). Since an accumulation culture of the used
sutures in BHI broth has occurred, no counting of CFUs
was performed. If no visible growth was observed after
six days, the BHI broths were inoculated by default on
CHOC and FHB agars and incubated for an additional
four days at 351 °C in 5% CO, and anaerobic atmo-
sphere, respectively. Both BHI broths and agar plates
were regularly checked for bacterial growth on ten con-
secutive days. When no bacterial growth on solid agars
was detected after ten days, the suture cultures were con-
sidered negative.

Sample size

Previous research has shown that between 10 and 30%
of materials used during similar surgeries (e.g., surgical
gloves, surgical tools) are contaminated with bacteria
[15, 16]. To detect a 15% difference in contaminations
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Fig. 1 Posterolateral approach of the hip in THA and procedure of suture collection for microbiological culture. A: Exposed hip joint by reflecting the
short external rotator muscles and the posterior joint capsule using capsule sutures (image is reproduced with permission from AO Surgery Reference;www.
aosurgery.org); B: Hip joint exposed with capsule sutures in situ (- = piriformis tendon, « = posterior capsule flap) held by a hemostat. Note that sutures are
in contact with the surgical drape; C: After removal, original capsule sutures were placed in a sterile container filled with BHI broth; D: New, sterile sutures
were used for capsule closure, and remains were collected in a separate sterile container

between the two types of sutures with a 95% confidence
level and 80% power, the recommended sample size was
97 samples per group. The first 10 surgeries served as
a pilot study to optimize the suture collection process
and subsequent handling at the microbiological labora-
tory. Sutures collected during these 10 surgeries were
analyzed, but their results were not included in the final
analysis.

Data collection and analysis

The following source data were collected from the
patients’ electronic medical records: sex, age, body
mass index (BMI), preoperative antibiotic use, fixation
technique (cemented/cementless), duration of surgery,
intraoperative blood loss, and the potential occurrence
of a surgical site infection and debridement antibiotics
and implant retention (DAIR) in the first 3 months after
surgery. The rate of bacterial contamination of capsule

sutures was expressed as a percentage and statistical
comparison of bacterial contamination rate between cap-
sule and control sutures was performed by calculating a
95% confidence interval (CI). The statistical analysis was
performed using SPSS 28.0 (SPSS Inc. Chicago, IL).

Results

Capsule sutures (#=100) and control sutures (n=100)
were collected during consecutive surgeries of 100
patients. Sutures collected from two patients were
excluded before microbiological culturing due to a proto-
col violation. The mean age of the patients was 72.4 years
(SD 8.6) and a total of 69 (70%) were female. In none of
the patients’ electronic health records antibiotic use two
weeks prior to surgery was reported. In 1 case a DAIR
procedure was performed with positive tissue cultures
and both negative capsule and control suture cultures.
Other patients’ characteristics, including BMI, fixation
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Table 1 Patients'characteristics of 98 primary total hip
arthroplasties including culture results
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Table 3 Isolated micro-organisms found in positive suture
cultures in 10 of the 98 patients

Positive
capsule and/
or control su-
ture cultures*

All Negative su-
ture cultures

N (%) 98 88 10
Age 724+86 73.1+£83 67.0+98
Sex, female, n (%) 69 (70) 66 (75) 3(30)
BMI, kg/m’ 28.0+49 27.6+44 308+74
Fixation technique,
n (%)
Cemented 67 (68) 60 (68) 7 (70)
Cementless 31 (32) 28(32) 3(30)
Duration of surgery, 689+169 683+£17.0 743+16.2
minutes
Cemented 759+135 756+135 79.0£13.5
Cementless 538+135 52.8+12.8 633+19.6
Intraoperative blood 339.0+2253 339.1+£231.2 3375+1702
losst, m/

All values are meansztstandard deviation unless stated otherwise. * Positive
cultures in either or both of the capsule or control suture group; ' Intraoperative
blood loss was only reported in 48 cases (48%), of which 4 (8%) had positive
cultures. BM/ body mass index.

Table 2 Analysis of all combinations with positive culture results

(n=10)
Culture result N
(%)
1: Capsule suture (+) and control suture (-) 4
(40)
2: Capsule suture (-) and control suture (+) 3
(30)
3: Capsule suture (+) and control suture (+) — the same 1
micro-organisms (10)
4: Capsule suture (+) and control suture (+) — different 2
micro-organisms (20)

(+): positive culture result; (-) negative culture result

technique, duration of surgery, and intraoperative blood
loss are summarized in Table 1.

Microbiological results

In 10 out of 98 patients the original capsule and/or the
control suture cultures were positive for bacterial con-
tamination (Table 2). The rate of bacterial contamination
of the original capsule sutures group was 7.1% (7/98) ver-
sus 6.1% (6/98) for the control group, with a difference of
1% [CI -6—8]. Overall, 4 out of 7 cases of positive capsule
cultures had negative control sutures, whereas 3 out of
6 cases of positive control sutures had negative capsule
sutures. In 1 case both the original capsule sutures and
the control sutures tested positive for the same micro-
organism, whereas in 2 cases positive cultures for both
groups with a different micro-organism were found
(Table 2). The different micro-organisms identified are
summarized in Table 3.

No. Capsule suture Control suture
43 S. epidermidis and Acineto- -
bacter species
51 Pantoea species and C. acnes -
53 Pantoea agglomerans and C. -
acnes
79 C. acnes and Dermacoccus -
nishinomiyaensis
87 Kocuria palustris Micrococcus
luteus
89 Bacillus cereus complex* B. cereus
complex*
95 - Staphylococcus
hominis
99 Staphylococcus warneri Paenibacillus
gluconalyticus
102 - C. acnes
104 - C. acnes

- no growth; *Morphologically identical Bacillus cereus complex was cultured in
both groups (both retraction and control suture cultures of this patient showed
the same colony morphology of dark grey, dull grey and off-white of B. cereus
complex).

Three false positive cases were excluded from the anal-
ysis because these were classified as laboratory contami-
nation (2 from capsule and 1 from control sutures). In 1
case, one CFU of Streptococcus mitis group was cultured
at 7 days after inoculation of the BHI broth and 1 day
after inoculation of this 6 days incubated broth on solid
agars, which is atypical since S. mitis group is an easily
growing micro-organism in BHI and should have resulted
in extensive growth on both CHOC and FHB agars. In 2
cases one CFU of Cutibacterium acnes was cultured but
only visible at the second and third segment of the FHB
agar, respectively, and atypically no visible growth at the
first segment with the highest concentration of inocu-
lated BHI.

Discussion
This exploratory study has assessed the contamina-
tion rates of both capsule and control sutures used in 98
patients that underwent primary THA. A negligible dif-
ference in frequencies between positive cultures from the
capsule (7/98) and control sutures (6/98) was observed.
In this study, the contamination rates of the sutures
found are in line with the lower boundaries of the
10-30% contamination rates of other surgical materials
such as gloves, surgical instruments and draping mate-
rial that have been cultured [13-16]. Early literature has
reported on experimental studies on the bacterial adher-
ence to different types of surgical sutures [20-24]. More
recent literature in arthroscopic surgery also evaluated
the contamination rate of sutures. Two studies [25, 26]
found a contamination rate of Propionibacterium acnes
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in arthroscopic rotator cuff repair ranging from 9 to
47% and 12 to 18% respectively, based on different pre-
operative skin preparations. Another study [27] found a
contamination rate of 28.4% in arthroscopic anterior cru-
ciate ligament or meniscal repair. However, none of these
studies have included a sterile suture control group. For
the interpretation of these high percentages encountered
both in earlier studies and in this study the use of con-
trol groups is mandatory. To our knowledge, the current
study is the first to include a control group when report-
ing on the contamination rate of surgical material.

Because we found that 7 out of 98 cultured capsule
sutures were contaminated, it may be worthwhile to
exchange the capsule sutures before capsule closure in
addition to the current recommendation to exchange
gloves and light handles after a certain period of surgical
time [28]. However, this conclusion has become clearly
less straight forward from the encountered similar con-
tamination rate of the control sutures which have been
exposed to minimal tissue contact only during a very
short period of time.

In fact, we feel that it is surprising that the contamina-
tion rates of the control sutures were similar to the antici-
pated relatively high contamination rate of the original
sutures. All the samples in the control group were col-
lected using sterile gloves and instruments. In addition,
the extent and duration of tissue contact has been limited
since sutures were applied before capsule closure and
excess of these sutures were retrieved immediately after-
wards. Two important questions arise: (1) “How can con-
trol sutures obtain similar contamination rates as original
capsule sutures with only so limited exposure to surgical
environment?” and (2) “Do the positive cultures obtained
from the original capsule sutures represent a true bacte-
rial intraoperative contamination?”.

From the results in this study these questions cannot be
answered. However, interpretation should be addressed
against the fact that to the best of our knowledge no con-
trol group was used in the available studies on contami-
nation of surgical materials and instrumentation so far.
Still, these studies lead to recommendations in guidelines
that promote exchange procedures to reduce the risk of
PJL. It is beyond the scope of this study to question the
accuracy of the conclusion from these earlier studies, still
we feel that the results from our study highlight the need
for a control group to improve the validity of conclusions
drawn from studies on intraoperative contamination
rates of surgical material.

Besides the important strength of a control group in
this study, limitations also apply. First, a relatively small
sample was used as compared to other infection preven-
tion studies. From the low incidence of PJI it remains dif-
ficult to draw conclusions on the actual potential effect
of the observed bacterial contamination and the risk of
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subsequent PJL. In addition, samples were collected from
a single center, which may limit the generalizability of
the results. On the other hand, since both experienced
hip surgeons as well as a microbiology laboratory from a
high-volume teaching hospital were involved, we feel our
results may be generalizable to comparable hospital set-
tings. Finally, all capsule sutures per group were cultured
in a single Falcon tube with BHI broth. Maybe separate
culturing of all capsule sutures would have improved
differentiation between the possible sources of contami-
nation. For example, with three out of three cultured
sutures being positive, it could be argued that the sutures
were probably contaminated during the surgery whereas
with only one out of three cultured sutures being posi-
tive postoperative contamination would be more likely.
Future studies need to address this last limitation.

In conclusion, this study showed that around 7% of
capsule sutures used in primary THA were contami-
nated with bacteria and as such exchange by new sutures
at the time of capsule closure is an appealing PJI pre-
ventive measure. However, since similar contamination
rates were encountered with mainly non-virulent bac-
teria for both suture groups, the PJI preventive effect of
this measure appears to be minimal. In particular the
observed similar contamination rate in the control group
emphasizes the importance of including a control group
in intraoperative contamination studies, which has been
frequently left behind in earlier studies.
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