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Glove Tears During Arthroscopic Shoulder Surgery Using
Solid-Core Suture

Kevin M. Kaplan, M.D., Konrad I. Gruson, M.D., Chris T. Gorczynksi, M.D.,
Eric J. Strauss, M.D., Fred J. Kummer, Ph.D., and Andrew S. Rokito, M.D.

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 arthro-
scopy—Arthroscopic knot tying.
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rthopaedic surgeons operate on patients with in-
fectious diseases, including human immunodefi-

iency virus (HIV), hepatitis B virus, and hepatitis C
irus. With an increasing incidence of these diseases
n the general population, the surgeon must adhere to
trict universal precautions. In addition, the literature
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Arthroscopy: The Journal of Arthroscopic and Related S
as documented the exposure of operating room per-
onnel to infectious material.1-3 Although simple skin
ontamination carries a lower risk of seroconversion
han inoculation injuries, skin contamination occurs
requently and minor cuts and skin abrasions eliminate
he body’s natural protective barrier.4 Thus, preven-
ion and immediate recognition of glove perforation in
he operating room are of paramount importance. The
outine use of double gloves has been established as a
eans to protect both the patient and operating sur-

eon from a breach in sterility and transmission of
otential pathogens.5 However, despite improved ma-
erials and the use of double gloves, perforations and
nger lacerations occur during arthroscopic shoulder
urgery.
Glove perforation during surgical procedures of any
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52 K. M. KAPLAN ET AL.
ype has been reported to occur in 11% to 70% of
ases.5-11 Despite this high incidence, surgeons are
ware of perforation only 15% of the time.12,13 Re-
orts in the literature show that some of the highest
ates of glove tears occur during bony fixation in
rthopaedic surgery cases.10,14 Arthroscopic proce-
ures, on the other hand, are less bloody and invasive
han their open counterparts. Despite this, blood-
ainted fluid routinely contacts surgeons’ gloves dur-
ng the procedure. Instrumentation, needles, bone and
issue allografts, and surgical equipment all have the
otential to create glove tears, exposing both the op-
rating surgeon and patient to potentially infectious
aterial.15 Matava and Horgan16 reported on the pres-

nce of HIV in an arthroscopic effluent during a
outine meniscectomy. Of 6 aliquots collected during
he procedure, 2 contained HIV, thereby demonstrat-
ng a potential source of infection to the operating
ersonnel.
With the advent of solid-core suture material, sur-

eons have anecdotally noted an increased incidence
f finger lacerations associated with arthroscopic knot
ying (Fig 1). Often, however, there is no gross evi-
ence of glove penetration. Given the aforementioned
oncern regarding patient and surgeon safety in the
perating room, this study evaluated glove tears and
oncomitant finger lacerations during arthroscopic
urgery. Our hypothesis was that the surgeon exposed
o the risk of knot tying would have a higher incidence
f glove perforations and finger lacerations.

METHODS

We collected 400 surgical gloves from 50 consec-
tive arthroscopic shoulder repair procedures, includ-
ng rotator cuff repairs and labral repairs, using No. 2

IGURE 1. Finger laceration after arthroscopic knot tying (arrow).
he level of this injury was just proximal to the distal interpha-
r
angeal joint. This case represented a tear of both the outer and
nner gloves corresponding to the injured digit.
olid-core suture material. These cases involved fel-
owship-trained attending surgeons, fellows in sports
edicine and shoulder or elbow surgery, and senior

esidents. FiberWire (Arthrex, Naples, FL) was used
n 21 cases (42%), and Orthocord (DePuy Mitek,
aynham, MA) was used in 29 (58%). FiberWire is a
lend of ultrahigh–molecular weight polyethylene
ultifilament core with a braided polyester jacket

omposed of a combination of ultrahigh–molecular
eight polyethylene and polyester, which is then

oated for use. Orthocord is a synthetic, sterile,
raided, composite suture composed of dyed ab-
orbable polydioxanone and nonabsorbable poly-
thylene, which is coated with a copolymer of 90%
aprolactone and 10% glycolide. The choice of suture
aterial for each case was based on attending surgeon

reference.
Twenty-five pairs of unused powder-free latex

loves were used to validate our model. All gloves
ere presoaked in a normal saline solution bath. The
loves were then filled with normal saline solution and
nspected for perforations. The gloves were com-
letely immersed in the saline solution bath with one
lectrode inside the glove and one electrode in the
ath (Fig 2A and 2B). No current was detected in all
0 gloves, indicating no laceration. A small cutting
eedle was then used to perforate the glove of the
ndex finger, and the test was repeated. Current was
etected in all 50 gloves (Fig 2C). The gloves were
hen dried, and individual digits were tested. The
erforation was localized to the index finger in all 50
loves.
Two surgeons using double gloves were involved in

very case, with one being responsible for tying all
nots and the other serving as a control. Powder-free
atex gloves (Ansell, Dothan, AL) were worn in all
ases. Surgeons replaced their outer gloves both after
raping and before removal of the surgical drapes. For
he purposes of this study, one knot was defined as an
nitial sliding stitch of the surgeon’s preference, fol-
owed by 3 half-hitches via a single-hole knot-pusher
nstrument. At the end of the procedure, both sets of
loves were collected, and the type of surgery per-
ormed, suture material used, number of knots thrown,
nd presence, absence, and location of a finger lacer-
tion were recorded. If a glove was torn during the
urgery, the surgeon was asked to save the glove and
o submit all subsequent gloves used during the sur-
ery. Surgeons were provided a data sheet to record
he aforementioned information.

Postoperatively, the gloves were taken to the labo-

atory and inspected grossly after being filled with
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with intact glove. (C) Positive test with punctured glove (where the
reading on the meter should be noted).

53GLOVE PERFORATIONS
ormal saline solution. They were then tested for tears
ia a previously validated protocol by use of an elec-
roconductivity meter in a saline solution bath.17,18

ohn et al.18 showed the increased sensitivity of the
lectrical conductance test when compared with the
tandard water load test in detecting artificially created
love tears. The setup for the testing apparatus is
epicted in Fig 2A. If a positive test was obtained,
efined as the presence of any electrical current, the
love was dried completely and each individual digit
as tested. The examiners were blinded during the

esting process.
The data were analyzed by use of the GraphPad

NSTAT statistical package (version 3; GraphPad
oftware, San Diego, CA) to determine the incidence
f glove perforation and finger lacerations occurring
uring arthroscopic shoulder procedures. Analyses
ere performed with a 2-sided Fisher exact test with

tatistical significance defined as P � .05.

RESULTS

When the outer gloves were analyzed, 9 of 100

loves (9%) were torn in the non-tying control group
IGURE 2. Electroconductivity test. (A) Setup. (B) Negative test
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54 K. M. KAPLAN ET AL.
nd 51 of 100 (51%) were torn in the tying group
P � .0001). The evaluation of the inner gloves
howed that 2 of 100 gloves (2%) were torn in the
on-tying control group and 17 of 100 (17%) were
orn in the tying group (P � .001) (Fig 3).

With regard to the tying surgeon’s gloves, tears
ere localized to the radial side of the index finger
ortion of the glove at the level of the distal interpha-
angeal joint in all cases. If an inner glove was torn,
he corresponding outer glove was torn in 100% of
ases. A mean of 3.96 knots was tied in each case.
reater than 3 knots were thrown in 32 cases, and 3 or

ewer knots were thrown in 18 cases. No significant
ssociation was found between the number of knots
hrown and tears in the outer glove (P � .30; for 80%
ower, 745 specimens would need to be tested). How-
ver, inner tears were seen in 15 of 49 gloves (31%)
hen greater than 3 knots were thrown and in 2 of 34
loves (6%) when 3 or fewer knots were thrown (P �

03) (Fig 4). No significant difference in the number of
love tears was found between the two suture types in
his study (P � .45; for 80% power, 1,274 specimens
ould need to be tested). In addition, in all cases in
hich a glove was removed during surgery for an
bvious tear, none of the replacement outer gloves
ere noted to have a perforation in the laboratory.
Thirteen fresh finger lacerations were noted dur-

ng the testing period. All lacerations were detected
y the tying surgeon at the conclusion of the case.
owever, numerous surgeons reported a callus at
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IGURE 3. Incidence of outer and inner glove tears for tying
urgeon and non-tying control. The difference for both the outer
1 asterisk, P � .0001) and inner (2 asterisks, P � .001) sets of
loves was found to be significant. The presence of glove tears in

he control group is likely a result of handling of instruments in
ssisting the surgeon.

s
t

he distal interphalangeal point from previous finger
njuries, ostensibly from repeated suture trauma.
acerations occurred in the absence of an inner
love tear in 7 of 83 cases (8%). However, in the
resence of inner glove tears, fresh lacerations oc-
urred in 6 of 17 cases (35%) (P � .03) (Fig 5). In
ddition, of the 13 finger lacerations, 6 were asso-
iated with an inner glove tear at the same level
46%).

DISCUSSION

Surgical gloves remain integral to patient and sur-
eon safety during operative arthroscopy. The litera-
ure has reported rates of glove perforation in ortho-
aedic procedures ranging between 26% and 57%.19,20

ingertips become contaminated in approximately

IGURE 4. Incidence of inner glove tears versus number of suture
nots thrown (as defined in text). In the setting of more than 3 knots
hrown, there was a significantly increased incidence of inner glove
ears for the tying surgeon (asterisk, P � .03).
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IGURE 5. Incidence of clinical finger lacerations versus integrity
f inner gloves. When the inner glove was torn, there was a

ignificantly increased incidence of clinical finger lacerations (as-
erisk, P � .03).
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55GLOVE PERFORATIONS
2% of operations, with bacterial counts and glove
ears increasing with the length of surgery, which in
ur study was correlated with an increasing number of
nots thrown.21 Furthermore, Palmer and Rickett22

eported that 13% of operative personnel have preop-
rative skin damage, which significantly increases
heir risk of infection.

In this prospective study of arthroscopic shoulder
urgery, we have shown that intraoperative glove tears
ccur with a high frequency when arthroscopic knots
re tied. We have also documented a higher frequency
f subsequent finger lacerations when greater than 3
nots are tied with this high-strength suture material.
l-Maiyah et al.23 recommended routine glove chang-

ng during total hip arthroplasty, which significantly
educed the incidence of glove perforation. This rec-
mmendation should be extended to arthroscopic
houlder surgery as well. Seven finger lacerations
ccurred without the presence of an inner glove tear,
uggesting that the injury occurs partly as a result of a
ressure or friction phenomenon.
The current literature has estimated that more than
in 1,500 surgeons will be infected by HIV during the
ext 30 years as a result of glove perforation and that
urgeons have a significant risk of being in contact
ith the hepatitis virus during their lifetime.22 Given

hat the risk of viral transmission is associated with the
requency of exposure to infected body fluids, the type
nd depth of penetration, and the volume of inocu-
um,24-26 it is prudent to suggest that arthroscopic
urgeons may be placed at increased risk of viral or
acterial transmission as a result of glove perforation
nd subsequent laceration when using solid-core su-
ure material. Despite one case report on the level of
IV found in arthroscopic effluent, we found no re-
orts in the literature regarding the levels of other
irulent pathogens such as hepatitis C virus.16

There are several limitations to this study. We chose
o use one type of glove during our study; thus we
ffer no evidence as to the role of various glove types
n preventing perforation and subsequent laceration.
urther prospective studies evaluating the effect of
ifferent glove types on perforation during surgical
not tying may offer additional recommendations to
educe the spread of infectious material. In addition,
he reported rate of fresh finger lacerations was low,
ecause many of the surgeons had an area of callus on
heir finger from repetitive injury. It may be inferred
hat the native finger experiences a higher risk of acute
acerations in the absence of a callus. Thus we rec-
mmend performing frequent intraoperative glove

hanges and wearing more durable, less penetrable

1

loves to minimize these risks. Our results suggest
hat a glove change should be performed after every 3
nots. In addition, gloves should be changed anytime
he surgeon suspects that he or she has been cut
espite the appearance of an intact glove. Finally, the
ying surgeons in our study ranged from a fellowship-
rained orthopaedic surgeon to a senior resident. How-
ver, we believe that this best represents the situation
ound at most academic orthopaedic institutions.

CONCLUSIONS

Arthroscopic surgeons, despite performing less in-
asive procedures, remain at significant risk for con-
amination of the surgical field and infection during
urgical knot tying. As shown in this prospective
tudy, intraoperative glove tears and subsequent finger
acerations occur with a high frequency when arthro-
copic knots are tied with solid-core suture material.
wareness of this risk may be beneficial to the patient

nd operating surgeon.
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