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Purpose: Surgeons have noticed an increased incidence of finger lacerations associated with
arthroscopic knot tying with solid-core suture material. This study examines glove perforations and
finger lacerations during arthroscopic shoulder surgery. Methods: We collected 400 surgical gloves
from 50 consecutive arthroscopic shoulder repair procedures using No. 2 solid-core sutures. Two
surgeons using double gloves were involved in every case, with one being responsible for tying all
knots. Powder-free latex gloves were worn in all cases. Knots consisted of a sliding stitch of the
surgeon’s preference followed by 3 half-hitches via a knot-pusher instrument. All gloves were
inspected grossly and then tested for tears with an electroconductivity meter. Results: The knot-tying
surgeon had significantly more glove tears than the control (P ⬍ .01). Tears were localized to the
radial side of the index finger of the glove at the distal interphalangeal joint in all cases. Of the tying
surgeon’s gloves, 68 (34%) were found to have tears. These included 17 inner gloves (17%) and 51
outer gloves (51%). If an inner glove was torn, the corresponding outer glove was torn in all cases.
A mean of 3.96 knots were tied in each case. There was a significantly higher incidence of inner glove
tears when more than 3 knots were tied (P ⬍ .03). There was no significant difference in glove tears
between suture types. Finger lacerations did occur in the absence of glove tears. However, in the
presence of an inner glove tear, there was a statistically significant association with a finger laceration
at the corresponding level (P ⬍ .03). Conclusions: Intraoperative glove tears and subsequent finger
lacerations occur with a high frequency when arthroscopic knots are tied with solid-core suture
material. Risk can potentially be minimized by frequent glove changes or use of more durable, less
penetrable gloves. Clinical Relevance: This study addresses surgeon and patient safety during
arthroscopic shoulder surgery. Key Words: Glove perforation—Finger laceration—Shoulder arthroscopy—Arthroscopic knot tying.

O

rthopaedic surgeons operate on patients with infectious diseases, including human immunodeficiency virus (HIV), hepatitis B virus, and hepatitis C
virus. With an increasing incidence of these diseases
in the general population, the surgeon must adhere to
strict universal precautions. In addition, the literature
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has documented the exposure of operating room personnel to infectious material.1-3 Although simple skin
contamination carries a lower risk of seroconversion
than inoculation injuries, skin contamination occurs
frequently and minor cuts and skin abrasions eliminate
the body’s natural protective barrier.4 Thus, prevention and immediate recognition of glove perforation in
the operating room are of paramount importance. The
routine use of double gloves has been established as a
means to protect both the patient and operating surgeon from a breach in sterility and transmission of
potential pathogens.5 However, despite improved materials and the use of double gloves, perforations and
finger lacerations occur during arthroscopic shoulder
surgery.
Glove perforation during surgical procedures of any
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type has been reported to occur in 11% to 70% of
cases.5-11 Despite this high incidence, surgeons are
aware of perforation only 15% of the time.12,13 Reports in the literature show that some of the highest
rates of glove tears occur during bony fixation in
orthopaedic surgery cases.10,14 Arthroscopic procedures, on the other hand, are less bloody and invasive
than their open counterparts. Despite this, bloodtainted fluid routinely contacts surgeons’ gloves during the procedure. Instrumentation, needles, bone and
tissue allografts, and surgical equipment all have the
potential to create glove tears, exposing both the operating surgeon and patient to potentially infectious
material.15 Matava and Horgan16 reported on the presence of HIV in an arthroscopic effluent during a
routine meniscectomy. Of 6 aliquots collected during
the procedure, 2 contained HIV, thereby demonstrating a potential source of infection to the operating
personnel.
With the advent of solid-core suture material, surgeons have anecdotally noted an increased incidence
of finger lacerations associated with arthroscopic knot
tying (Fig 1). Often, however, there is no gross evidence of glove penetration. Given the aforementioned
concern regarding patient and surgeon safety in the
operating room, this study evaluated glove tears and
concomitant finger lacerations during arthroscopic
surgery. Our hypothesis was that the surgeon exposed
to the risk of knot tying would have a higher incidence
of glove perforations and finger lacerations.
METHODS
We collected 400 surgical gloves from 50 consecutive arthroscopic shoulder repair procedures, including rotator cuff repairs and labral repairs, using No. 2

FIGURE 1. Finger laceration after arthroscopic knot tying (arrow).
The level of this injury was just proximal to the distal interphalangeal joint. This case represented a tear of both the outer and
inner gloves corresponding to the injured digit.

solid-core suture material. These cases involved fellowship-trained attending surgeons, fellows in sports
medicine and shoulder or elbow surgery, and senior
residents. FiberWire (Arthrex, Naples, FL) was used
in 21 cases (42%), and Orthocord (DePuy Mitek,
Raynham, MA) was used in 29 (58%). FiberWire is a
blend of ultrahigh–molecular weight polyethylene
multifilament core with a braided polyester jacket
composed of a combination of ultrahigh–molecular
weight polyethylene and polyester, which is then
coated for use. Orthocord is a synthetic, sterile,
braided, composite suture composed of dyed absorbable polydioxanone and nonabsorbable polyethylene, which is coated with a copolymer of 90%
caprolactone and 10% glycolide. The choice of suture
material for each case was based on attending surgeon
preference.
Twenty-five pairs of unused powder-free latex
gloves were used to validate our model. All gloves
were presoaked in a normal saline solution bath. The
gloves were then filled with normal saline solution and
inspected for perforations. The gloves were completely immersed in the saline solution bath with one
electrode inside the glove and one electrode in the
bath (Fig 2A and 2B). No current was detected in all
50 gloves, indicating no laceration. A small cutting
needle was then used to perforate the glove of the
index finger, and the test was repeated. Current was
detected in all 50 gloves (Fig 2C). The gloves were
then dried, and individual digits were tested. The
perforation was localized to the index finger in all 50
gloves.
Two surgeons using double gloves were involved in
every case, with one being responsible for tying all
knots and the other serving as a control. Powder-free
latex gloves (Ansell, Dothan, AL) were worn in all
cases. Surgeons replaced their outer gloves both after
draping and before removal of the surgical drapes. For
the purposes of this study, one knot was defined as an
initial sliding stitch of the surgeon’s preference, followed by 3 half-hitches via a single-hole knot-pusher
instrument. At the end of the procedure, both sets of
gloves were collected, and the type of surgery performed, suture material used, number of knots thrown,
and presence, absence, and location of a finger laceration were recorded. If a glove was torn during the
surgery, the surgeon was asked to save the glove and
to submit all subsequent gloves used during the surgery. Surgeons were provided a data sheet to record
the aforementioned information.
Postoperatively, the gloves were taken to the laboratory and inspected grossly after being filled with
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normal saline solution. They were then tested for tears
via a previously validated protocol by use of an electroconductivity meter in a saline solution bath.17,18
Sohn et al.18 showed the increased sensitivity of the
electrical conductance test when compared with the
standard water load test in detecting artificially created
glove tears. The setup for the testing apparatus is
depicted in Fig 2A. If a positive test was obtained,
defined as the presence of any electrical current, the
glove was dried completely and each individual digit
was tested. The examiners were blinded during the
testing process.
The data were analyzed by use of the GraphPad
INSTAT statistical package (version 3; GraphPad
Software, San Diego, CA) to determine the incidence
of glove perforation and finger lacerations occurring
during arthroscopic shoulder procedures. Analyses
were performed with a 2-sided Fisher exact test with
statistical significance defined as P ⬍ .05.
RESULTS
When the outer gloves were analyzed, 9 of 100
gloves (9%) were torn in the non-tying control group
FIGURE 2. Electroconductivity test. (A) Setup. (B) Negative test
with intact glove. (C) Positive test with punctured glove (where the
reading on the meter should be noted).
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and 51 of 100 (51%) were torn in the tying group
(P ⬍ .0001). The evaluation of the inner gloves
showed that 2 of 100 gloves (2%) were torn in the
non-tying control group and 17 of 100 (17%) were
torn in the tying group (P ⬍ .001) (Fig 3).
With regard to the tying surgeon’s gloves, tears
were localized to the radial side of the index finger
portion of the glove at the level of the distal interphalangeal joint in all cases. If an inner glove was torn,
the corresponding outer glove was torn in 100% of
cases. A mean of 3.96 knots was tied in each case.
Greater than 3 knots were thrown in 32 cases, and 3 or
fewer knots were thrown in 18 cases. No significant
association was found between the number of knots
thrown and tears in the outer glove (P ⫽ .30; for 80%
power, 745 specimens would need to be tested). However, inner tears were seen in 15 of 49 gloves (31%)
when greater than 3 knots were thrown and in 2 of 34
gloves (6%) when 3 or fewer knots were thrown (P ⬍
.03) (Fig 4). No significant difference in the number of
glove tears was found between the two suture types in
this study (P ⫽ .45; for 80% power, 1,274 specimens
would need to be tested). In addition, in all cases in
which a glove was removed during surgery for an
obvious tear, none of the replacement outer gloves
were noted to have a perforation in the laboratory.
Thirteen fresh finger lacerations were noted during the testing period. All lacerations were detected
by the tying surgeon at the conclusion of the case.
However, numerous surgeons reported a callus at

90

DISCUSSION

Surgeon
Non-tying Control

70
60
50

*

100

40
30

**

20
10
0
Outer Gloves

Inner Gloves
Glove Layer

Incidence of Skin Injuries (%)

Incidence of Glove Tears (%)

the distal interphalangeal point from previous finger
injuries, ostensibly from repeated suture trauma.
Lacerations occurred in the absence of an inner
glove tear in 7 of 83 cases (8%). However, in the
presence of inner glove tears, fresh lacerations occurred in 6 of 17 cases (35%) (P ⫽ .03) (Fig 5). In
addition, of the 13 finger lacerations, 6 were associated with an inner glove tear at the same level
(46%).

Surgical gloves remain integral to patient and surgeon safety during operative arthroscopy. The literature has reported rates of glove perforation in orthopaedic procedures ranging between 26% and 57%.19,20
Fingertips become contaminated in approximately
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FIGURE 4. Incidence of inner glove tears versus number of suture
knots thrown (as defined in text). In the setting of more than 3 knots
thrown, there was a significantly increased incidence of inner glove
tears for the tying surgeon (asterisk, P ⬍ .03).
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FIGURE 3. Incidence of outer and inner glove tears for tying
surgeon and non-tying control. The difference for both the outer
(1 asterisk, P ⬍ .0001) and inner (2 asterisks, P ⬍ .001) sets of
gloves was found to be significant. The presence of glove tears in
the control group is likely a result of handling of instruments in
assisting the surgeon.

Inner Glove Integrity

FIGURE 5. Incidence of clinical finger lacerations versus integrity
of inner gloves. When the inner glove was torn, there was a
significantly increased incidence of clinical finger lacerations (asterisk, P ⬍ .03).
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52% of operations, with bacterial counts and glove
tears increasing with the length of surgery, which in
our study was correlated with an increasing number of
knots thrown.21 Furthermore, Palmer and Rickett22
reported that 13% of operative personnel have preoperative skin damage, which significantly increases
their risk of infection.
In this prospective study of arthroscopic shoulder
surgery, we have shown that intraoperative glove tears
occur with a high frequency when arthroscopic knots
are tied. We have also documented a higher frequency
of subsequent finger lacerations when greater than 3
knots are tied with this high-strength suture material.
Al-Maiyah et al.23 recommended routine glove changing during total hip arthroplasty, which significantly
reduced the incidence of glove perforation. This recommendation should be extended to arthroscopic
shoulder surgery as well. Seven finger lacerations
occurred without the presence of an inner glove tear,
suggesting that the injury occurs partly as a result of a
pressure or friction phenomenon.
The current literature has estimated that more than
1 in 1,500 surgeons will be infected by HIV during the
next 30 years as a result of glove perforation and that
surgeons have a significant risk of being in contact
with the hepatitis virus during their lifetime.22 Given
that the risk of viral transmission is associated with the
frequency of exposure to infected body fluids, the type
and depth of penetration, and the volume of inoculum,24-26 it is prudent to suggest that arthroscopic
surgeons may be placed at increased risk of viral or
bacterial transmission as a result of glove perforation
and subsequent laceration when using solid-core suture material. Despite one case report on the level of
HIV found in arthroscopic effluent, we found no reports in the literature regarding the levels of other
virulent pathogens such as hepatitis C virus.16
There are several limitations to this study. We chose
to use one type of glove during our study; thus we
offer no evidence as to the role of various glove types
in preventing perforation and subsequent laceration.
Further prospective studies evaluating the effect of
different glove types on perforation during surgical
knot tying may offer additional recommendations to
reduce the spread of infectious material. In addition,
the reported rate of fresh finger lacerations was low,
because many of the surgeons had an area of callus on
their finger from repetitive injury. It may be inferred
that the native finger experiences a higher risk of acute
lacerations in the absence of a callus. Thus we recommend performing frequent intraoperative glove
changes and wearing more durable, less penetrable
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gloves to minimize these risks. Our results suggest
that a glove change should be performed after every 3
knots. In addition, gloves should be changed anytime
the surgeon suspects that he or she has been cut
despite the appearance of an intact glove. Finally, the
tying surgeons in our study ranged from a fellowshiptrained orthopaedic surgeon to a senior resident. However, we believe that this best represents the situation
found at most academic orthopaedic institutions.
CONCLUSIONS
Arthroscopic surgeons, despite performing less invasive procedures, remain at significant risk for contamination of the surgical field and infection during
surgical knot tying. As shown in this prospective
study, intraoperative glove tears and subsequent finger
lacerations occur with a high frequency when arthroscopic knots are tied with solid-core suture material.
Awareness of this risk may be beneficial to the patient
and operating surgeon.
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