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Background: The aim of this study was to investigate whether needles introduce skin plugs into joints during arthrocentesis.
Material/Methods: In the first part of this study, the arthrocentesis site was scrubbed with a fluorescein sodium swab, and 90
needles were inserted through the joint tissue and collected for examination under a fluorescence microscope.
In the second part of this study, the joints were injected using 720 needles of different gauges. Two different
randomly assigned needle insertion techniques were used: needle insertion straight through the joint capsule
(subgroup 1) or insertion of the needle into the subcutaneous tissue followed by flushing of the needle with
0.5 mL of 0.9% normal saline prior to advancing the needle through the joint capsule (subgroup 2).
Results: Of the 90 needle tips examined in the first part of this study, 21 had high-grade fluorescein contamination. In
the second part of this study, the incidence of tissue, epidermis, and dermis contamination in subgroup 1 was
57.2%, 43.1%, and 25.0%, respectively. There was no significant difference in the incidence among different
gauge needles, except for a difference in epidermis contamination between the 21-gauge and 23-gauge nee-
dles. Compared to subgroup 1, subgroup 2 had a significantly lower OR for tissue contamination.
Conclusions: It is common to introduce tissue coring with epidermis and dermis into the joint during arthrocentesis, which
poses a potential risk for septic arthritis. However, tissue contamination of the joint may be reduced by flush-
ing saline through the needle into the subcutaneous tissues prior to entering the joint capsule.
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Background

Arthrocentesis is a commonly performed medical procedure
that is invaluable for the diagnosis and treatment of joint dis-
ease. Unsuccessful arthrocentesis may contribute to diagnos-
tic and treatment delays and potentially exposes the patient
to complications from the procedure [1]. Septic arthritis is one
of the most serious complications that can result from arthro-
centesis. While post-arthrocentesis infection is considered to
be rare, it does occur, with reported incidences ranging from
1in 2700 to 1 in 50 000 [2-4]; it is unclear if low-grade joint
infection may occur more frequently. Nicholas et al. revealed
that there was an increased risk of postoperative total knee
arthroplasty (TKA) infection when patients had undergone an
ipsilateral knee injection before undergoing primary TKA [5].

Appropriate aseptic technique prior to arthrocentesis is crit-
ical to decrease the number of cutaneous microorganisms.
However, up to 20% of skin bacteria are in the deeper layers
of the skin and the pilo-sebaceous units, and these areas are
untouched by antiseptics [6,7]. Additionally, contamination of
the surface of the arthrocentesis site can occur immediately
after disinfection, or an antiseptic may insufficiently eradicate
certain pathogens from the arthrocentesis site [8,9]. Therefore,
despite adherence to the most stringent aseptic skin prepara-
tion techniques, a core of skin tissue with microbial flora may
be introduced into the joint as the needle cuts through the
skin and passes through the subcutaneous tissue and joint
capsule. This tissue coring could result in an intra-articular in-
fection following the injection or could contaminate aspirat-
ed synovial fluid, leading to a false-positive bacterial culture.

There is limited literature regarding arthrocentesis and tissue
coring. Thus, we conducted this study using amputation spec-
imens to investigate the incidence, nature, and prevention of
tissue coring during arthrocentesis.

Material and Methods

In the present study, all arthrocenteses were performed on 12
above-the-knee-amputation specimens. The specimens were
obtained from patients who underwent amputation due to pe-
ripheral arterial disease or diabetes-related lower-limb chron-
ic critical ischemia. The specimens were free of any evidence
of intra-articular infection. There were no skin lesions on the
knee area, such as wound, rashes, or ulcers. The arthrocen-
teses were performed on fresh specimens, within 30 min of
the limb amputation. The knee joint arthrocentesis was per-
formed via either the superolateral or the superomedial ap-
proach [10]. The arthrocentesis site was aseptically prepared
using the same technique as for a joint aspiration or injection
of the knee [11]. The degree of potential tissue contamination
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of the joints was studied using 2 different techniques: fluores-
cence and histologic examination.

Study part 1

The arthrocentesis site was scrubbed with a fluorescein so-
dium swab. The fluorescein agent (Fluorescite 10%; BioDee
BioTech Corporation Ltd., Beijing, China) was diluted in 0.9%
normal saline to a concentration of 0.01% (weight/volume) be-
fore use. Ninety needles were inserted through the skin and
joint capsule after the scrubbing solution had dried. All nee-
dle tips were then carefully cut off and collected on clean mi-
croscope slides, which were placed away from light and ex-
amined by a fluorescence microscope (Vert.Al; Carl Zeiss AG,
Oberkochen, Germany) within 1 h. Different slides were used
for each needle tip to avoid cross-contamination. The amount
of fluorescein on the needle tips was classified into 3 grades:
Grade 1, no noticeable fluorescein; Grade 2, fluorescein only
on the needle tips; and Grade 3, obvious and large fluoresce-
in of tissue particles in the needle core.

Study part 2

Arthrocentesis is most commonly performed with 19-gauge,
21-gauge, and 23-gauge open-ended sharp disposable nee-
dles [11]. In the present study, 720 hollow needles were used
to perform the arthrocenteses. The needles were 38 mm long
and 19-gauge, 21-gauge, or 23-gauge in size. Two different
needle insertion techniques were used at random: insertion
straight (90°) through the skin and joint capsule with a rapid
thrust (subgroup 1), or the flushing of the needle with 0.5 mL
of 0.9% normal saline into the subcutaneous tissue prior to
advancing the needle through the joint capsule (subgroup 2).
Following insertion, all needles (both subgroup 1 and sub-
group 2) were removed from the joint and flushed with 2 mL
of 0.9% normal saline onto clean glass plates. An equal num-
ber of needles was used to perform the arthrocentesis via the
superolateral or the superomedial approaches on each spec-
imen. Each needle passed through a separate route. Needles
were used only once and then discarded. The skin was pre-
pared only once before the arthrocenteses, and all arthrocen-
teses were performed within 90 min for each specimen.

Using a surgical microscope (Leica, German) with a 10-power
lens, all glass plates were checked by 2 senior pathologists to
identify whether tissue coring samples were present. Coring
samples identified on the glass plates were fixed in 10% for-
malin for 3 days. Each sample was then made into a paraf-
fin block. Given the small size of the tissue coring, the collec-
tion process was performed on filter paper using a funnel.
The sample embedding in paraffin, cutting, and staining with
hematoxylin-eosin (H&E) were performed in accordance with
conventional pathological techniques. Two senior pathologists
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Table 1. Pathogen cultures.

N (%)
Staphylococcus aureus 15 (39.47)
 Coagulase-negative Staphylococcus 8 (1.05)
| Escherichiacoli 5 (13.16)
Streptococcus 4 (1053)
 Pseudomonas aeruginosa 3 (789)
Fungus 3 (789)

independently assessed the sample slides under light micros-
copy (Olympus Corp, Japan) to identify any kind of skin tis-
sue. The pathologists who performed the histological evalua-
tion were blinded to the study protocol.

Statistical analysis

Bivariate associations were assessed using the Pearson 2 test
for categorical data. The difference in incidence of tissue cor-
ing is presented by odds ratios (ORs) and 95% confidence in-
tervals (95% Cl). The reference group was a 19-gauge needle
inserted straight (90°) through joint tissue. An OR>1 suggest-
ed an increased incidence of tissue coring whereas OR<1 sug-
gested a reduced incidence. If the Cl included 1, it indicated
no significant difference in incidence compared with the ref-
erence group. Data were analyzed using SPSS software (SPSS
for Windows version 21). For all statistical comparisons, P<0.05
was considered significant.

Ethics

The Ethics Committee of the hospital approved this study. The
procedures involving human participants were performed in
accordance with the World Medical Association Declaration
of Helsinki. Participating patients provided informed con-
sent regarding data collected from the study and publication
of these data.
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Results

We reviewed the records of 38 patients who developed septic
arthritis after intra-articular injection between October 2013
and May 2017. The criterion standard for diagnosing septic ar-
thritis is a positive bacterial culture from synovial fluid within 3
months of an intra-articular injection. The culture results of our
38 patients are shown in Table 1. Staphylococcus aureus was
the primary pathogen (39.47%). Other pathogens included co-
agulase-negative Staphylococcus, Escherichia coli, Streptococcus,
Pseudomonas aeruginosa, and fungus. Staphylococcus aureus
is a transient microorganism on the skin, which is not consis-
tently present and is easily transmitted between individuals.
While the majority of transient skin organisms are easily re-
moved, some reports have shown that these pathogens are
difficult to remove entirely, suggesting that these organisms
may be the source of bacteria that can lead to septic arthritis
following intra-articular injections [9,12].

In the first part of the study, different amounts of fluorescein
were detected on the needle tips (Figure 1). According to the
fluorescent classification, 27 tips were Grade 1 (30.0%), 42
tips were Grade 2 (46.7%), and 21 tips were Grade 3 (23.3%).

The incidence of tissue coring and histologic results are shown
in Table 2. The incidence of tissue coring in subgroup 1 was
57.2% (206/360), without a significant difference between
19-gauge, 21-gauge, and 23-gauge needles. The subgroup 2
incidence of tissue coring was significantly less than the inci-
dence in subgroup 1 (OR=0.02; 95% confidence interval [Cl],
0.01-0.04; P<0.001) (Table 3). Additionally, we found visual-
ly larger debris caused by the larger needle gauge. Due to the
irregular shape and spatial structure, it was difficult to mea-
sure the size of the tissue coring.

The epidermis, including the stratum basale, stratum spino-
sum, stratum granulosum, and stratum corneum, was identified
on most blocks in subgroup 1. The dermal superficial papillary
layer was also found in subgroup 1 (Figure 2). The incidence

A

Figure 1. Fluorescein on needle tips. (A) Grade 2 fluorescein with a few fluorescein particles on the edge of the needle tip. (B) Grade 3
fluorescein with fluorescein particles was in the needle cores. (x10 magnification)
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Table 2. Coring rate and histologic results.

Histologic results

Incidence of tissue

Groups coring (%)
Subgroup 1
"""""""" 96 120 6 (5750 55 (4583) 27 (250
"""""""" 26 120 6 (5417 41 (a17) 29 (417)
"""""""" 36 120 72 (6000) 59 (4917) 34 (833
C o subgrowp2
"""""""" 96 120 3 (5%  Nome  None
"""""""" 26 120 5 (@) Nome  Nome
"""""""" »6 120 2 (6)  None  Nome

Table 3. Odds ratios, 95% confidence intervals, and P-values for tissue coring after needle insertion through joint tissues.

Group Odds ratio 95% Confidence interval P-value
Subgroup 1
- 16 0o Reference - -
""""""""" 26 10 03278 100
""""""""" 236 1 o430 o1
""""""" Subgroup2
16 003 003022 Pc0.001
""""""""" 26 009 00203 P00l
""""""""" 36 003 003022 P00l

of epidermis and dermis contamination was 43.1% (155/360)
and 25.0% (90/360), respectively. Compared to 21-guage nee-
dles, 23-guage needles had a significantly greater OR for epi-
dermis contamination (OR=1.86; 95% Cl, 1.11-3.13; P=0.018).
No significant differences in ORs were identified between dif-
ferent needle gauges for dermis contamination (P=0.561). No
epidermal or dermal structure was found in subgroup 2. The
pilo-sebaceous unit was not identified using light microscopy
in subgroup 1 or subgroup 2.

We mathematically calculated the theoretical incidence of tis-
sue coring containing hair follicles. The schematic diagram of
the calculation method is shown in Figure 3 and described as
follows: the average calf region hair follicle density from peo-
ple of Chinese decent is 26 per cm? In other words, there is 1
hair follicle per 3.85 mm? (Square 4). The average diameter of
a follicular orifice on the calf region is 0.35 mm. In Figure 3,
Circle 1 represents a follicular orifice and AB is the semi-di-
ameter. The inner diameter of a 21-gauge needle is 0.5 mm.
Circle 2 represents the cross-section of a 21-gauge needle tip,
and BC is its semi-diameter. The center of Circle 3 is depicted
as A, and AC (the sum of AB and BC) is the semi-diameter of
Circle 3. If the center of Circle 2 is inside Circle 3, the 2 circles

will overlap, which indicates the needle cut through the hair
follicle. Therefore, the theoretical incidence of tissue coring is
the area ratio of Circle 3 to Square 4 (14.7%).

Discussion

Intra-articular injections can be performed to inject a corti-
costeroid into a joint for the treatment of a non-infectious
inflammatory process or for the injection of a viscosupple-
ment [13,14]. While septic arthritis has been reported to oc-
cur in less than 1 out of 2700 cases following intra-articular
injection, it is unclear if low-grade joint infections occur more
frequently [4]. Furthermore, as the number of TKAs performed
each year increases, so does the number of patients with peri-
prosthetic joint infections (PJI) [15,16]. Synovial fluid aspiration
is one of the most valuable procedures for the diagnosis of PJI.
Therefore, we believe the results of this study have clinical sig-
nificance for both rheumatologists and orthopedic surgeons.

It is essential to aseptically prepare the patient’s skin be-
fore joint aspiration/injection. The cutaneous flora cannot
be eliminated completely, especially bacteria located in the
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Figure 2. The epidermal and dermal structure of subgroup 1 is shown in (A, C) (x10 magnification) and (B, D) (x40 magnification).
a) stratum corneum, b) stratum basale and c) dermal superficial papillary layer.

pilo-sebaceous units. The types of cutaneous microbial flora in-
clude Staphylococcus aureus, coagulase-negative Staphylococcus,
Enterococcus, Escherichia coli, group A Streptococci, and
Pseudomonas aeruginosa. If these cutaneous flora multiply,
they have been proven to be the cause of harmful infections

e despite the application of skin antiseptics [9,12,17]. Therefore,

tissue coring caused by needles may carry cutaneous bacte-
ria into the joint, which may result in intra-articular infection
or a false-positive bacterial culture in joint fluid. There is lim-
ited research in the literature on tissue coring following joint
injection/aspiration.

As a needle passes through tissue, a piece of the tissue is re-
moved by the needle, resulting in tissue coring. This coring can
Figure 3. Theoretic incidence of coring rate. either be removed from the needle bore by suction, or it can
be carried deeper into the tissue by the needle and deposited,
which could result in septic or chemical contamination. Tissue
coring has been demonstrated using different needle designs
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in lumber punctures [18-20]. Some research suggests that epi-
dermoid tumors may develop due to the deposition of epithe-
lial tissue coring into the subarachnoid space during a lumbar
puncture. These studies used cytological methods to identify
whether the coring was composed of proliferative potential
cells which could produce an epidermal tumor.

In the present study, the average incidence of coring due to
arthrocentesis was similar to that reported in other studies on
coring and lumber puncture. Tissue contamination of the joint
seems be common, while septic arthritis after arthrocentesis
is rare. One reason is that that even a small amount of highly
virulent bacteria (e.g., Staphylococcus aureus) could result in
intra-articular infection. Another reason is that patients with
immunocompromise or immunosuppression are more vulner-
able to intra-articular infection than patients without.

This is the first study to use a pathological method to analyze
the nature of the coring. Both dermis and epidermis structures
were identified in the coring tissue in the present study. The
typical epidermis contains epithelial cells arranged in 4 layers:
the stratum basale, the stratum spinosum, the stratum gran-
ulosum, and the stratum corneum. The dermis is the layer of
skin between the epidermis and subcutaneous tissues, and it
is divided into 2 layers: the superficial papillary layer and the
deeper reticular layer. Pilo-sebaceous units, located mainly in
the dermis, are an important and complex epidermal append-
age of the skin. Bacteria resides in the infundibulum of hair fol-
licles and in the subcutaneous ducts and glands where the bac-
teria reproduce [21]. In the present study, although there were
no hair follicles in the tissue, dermis was identified, which ver-
ified the possibility of coring tissue with pilo-sebaceous units.

To avoid tissue coring, 0.5 mL of 0.9% normal saline was inject-
ed into the subcutaneous tissue in subgroup 2. There was an

obvious difference in the coring rate between the 2 subgroups.
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Therefore, it could be effective to avoid tissue coring by flush-
ing saline into the subcutaneous tissue before entering the
joint cavity with the needle. Furthermore, although the dif-
ferences in the incidence of tissue coring were not significant
among the different needle gauges, we observed larger coring
debris when larger-gauge needles were used. Thus, a smaller-
gauge needle may result in less tissue coring.

This study has several limitations. The most important limita-
tion was that we failed to identify pilo-sebaceous units in the
tissue coring. This may be associated with incomplete coring
collection, a small sample size, and structural damage caused
by the needle tips. Additionally, although our study could con-
firm the existence of tissue coring following joint injection/
aspiration, no research has proven that this coring carries
pathogens. We could culture the tissue coring for bacteria in
a further study. One minor limitation of the study was the con-
tamination caused by foreign skin debris. A future study could
be performed using laminar airflow, reducing the foreign skin
debris contamination.

Conclusions

Despite the low risk of joint infection following arthrocentesis,
the present study has clinical significance. This present study
suggests that tissue coring commonly occurs during arthro-
centesis, posing a potential risk for the development of septic
arthritis. Flushing the arthrocentesis needle into the subcu-
taneous tissues prior to entering the joint capsule could be a
way to reduce joint contamination from tissue coring.
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