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Arthroscopic Meniscal Repair Using the BioStinger

F. Alan Barber, M.D., Donald H. Johnson, M.D., and Jeffrey L. Halbrecht, M.D.

Purpose: Biodegradable devices are available for all-inside meniscal repairs. One device, the
BioStinger (Linvatec, Largo, FL), is made of molded poly-L-lactic acid. The purpose of this study
was to evaluate the effectiveness of and any adverse events associated with meniscus repair using this
device. Type of Study: Nonrandomized prospective cohort study. Methods: A prospective, con-
secutive, 3-center meniscal repair series using BioStingers (group 1), vertical inside-out sutures
(group 2), or hybrid repairs combining BioStingers and sutures (group 3) was studied. Lysholm,
Tegner, Cincinnati, and IKDC activity scores were obtained and clinical outcomes and adverse events
documented. Results: There were 85 patients who underwent 89 meniscus repairs with an average
26.5 months of follow-up. There were 47 BioStinger repairs (group 1), 29 suture repairs (group 2),
and 13 hybrid repairs (group 3). The tear length was statistically greater for the hybrid repair group
(P � .5). There were 73 repairs associated with anterior cruciate ligament reconstructions and 12
repeat arthroscopies were performed. Meniscal healing failed in 6 knees (4 in group 1, 0 in group 2,
and 2 in group 3). The meniscal healing failed in 7% of those associated with anterior cruciate
ligament reconstructions. Mean Tegner scores improved from 2.8 to 6.3, the final IKDC activity score
was 3.2 out of 4, the mean Lysholm score improved from 51 to 88, and the mean Cincinnati score
improved from 44 to 84. Two BioStinger repair cases had joint-line tenderness from device migration
confirmed by magnetic resonance imaging. No tenting of the skin or articular cartilage scuffing was
observed. Conclusions: The success rate for the 29 suture repairs was 100% and for the 47
BioStinger repairs was 91%. These preliminary results are consistent with other repair techniques.
Level of Evidence: Level II, Therapeutic Prospective Cohort Study. Key Words: Meniscus—Repair
device—Bioabsorbable—BioStinger.
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eniscal repair recognizes the importance of the
meniscus in knee stability, load transmission,

oint lubrication, and articular cartilage nutrition.1,2

fter significant meniscus loss, degenerative knee
hanges develop.3 Consequently, meniscal repair is
ommonly practiced for peripheral longitudinal tears
ossessing a good blood supply. Several recently de-
eloped all-inside meniscal repair devices are avail-
ble for peripheral longitudinal tears in the “red-
hite” or “red-red” zones.4-9 These devices are made
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rom various biodegradable materials and with differ-
nt designs including tacks, staples, screws, and self-
djusting anchors. One device, the BioStinger (Lin-
atec, Largo, FL), is made of molded poly-L-lactic
cid (PLLA). Its cannulated design allows insertion
ver a needle trocar. This needle allows reduction and
ositioning of the meniscus tear fragments before
nserting the device. The study hypothesis was that
his device would successfully repair longitudinal me-
iscus tears. The purpose of this study was to evaluate
he effectiveness of and record any adverse events
ssociated with meniscus repair using the BioStinger
eniscal repair device.

METHODS

Starting in 1998, a prospective multicenter study of
onsecutive patients undergoing arthroscopic menis-
al repair was undertaken. Institutional review board

pproval was obtained at all participating centers. The

Surgery, Vol 21, No 6 (June), 2005: pp 744-750
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745ARTHROSCOPIC MENISCAL REPAIR USING BIOSTINGER
nitial study design called for a randomization of pa-
ients into either suture or BioStinger groups based on

specific code number. However, as the study pro-
ressed, this randomization broke down because of
he observed inability of the BioStinger to completely
epair some of the larger, longer, more anterior tears,
esulting in the need for augmentation of these repairs
ith sutures and thus creating a third class of “hybrid”

epairs containing both sutures and BioStingers. Ad-
itionally, some tears were located so far posteriorly
especially with the lateral meniscus) that the surgeon
pted to use the BioStinger instead of sutures to avoid
he potential for neurovascular injury to the patients.
he result was a nonrandomized prospective consec-
tive series of meniscal repairs performed using the
ioStinger (group 1), vertical inside-out sutures

group 2), or a hybrid repair combining both Bio-
tinger and sutures (group 3). All patients were eval-
ated postoperatively by Lysholm,10 Tegner,11 Cin-
innati,12 and IKDC activity scores at 6- to 12-month
ntervals. Data on results and adverse events were also
ollected and consolidated.

Inclusion criteria were patients with longitudinal
eniscal tears in the red-red (�3 mm from the syno-

ial meniscal junction) or red-white (3 to 5 mm from
he synovial meniscal junction) zones of the meniscus
Fig 1). There were no age restrictions. An associated
nterior cruciate ligament (ACL) reconstruction was
ermitted. Exclusion criteria were patients with pre-
ious meniscus surgery including repairs, and hori-
ontal, transverse, or complex (flap) tears of the me-
iscus.
s
IGURE 1. A longitudinal meniscal tear in the red-white zone
hosen for repair.
urgical Technique

The surgical technique for the BioStinger includes
he establishment of the standard arthroscopic portals.
he meniscal healing potential was enhanced by var-

ous techniques including rasping13 and peripheral rim
rephination using the meniscal vascular punch (Ar-
hrex, Naples, FL). Fibrin clot14 or marrow stimula-
ion15 were not used. The BioStinger insertion cannula
s passed through the appropriate portal to reach the
ear. The needle trocar onto which the cannulated
ioStinger is loaded is then advanced 2 to 3 mm and

nserted into the inner rim of the meniscus (Fig 2A).
ith the needle catching the meniscus inner rim, that

ortion of the meniscus tear is then positioned in
orrect alignment to the peripheral rim portion. Once
he appropriate reduction of the tear is achieved, the
eedle trocar is advanced fully into the peripheral rim
o capture both sides of the meniscus tear (Fig 2B).
he inserter needle is only 2 mm longer than the
ssociated BioStinger to protect from peripheral over
enetration while allowing for 2 mm of head reces-
ion. Next, the BioStinger is inserted into the tissue by
ully depressing the plunger knob on the proximal end
f the insertion instrument (Fig 2C). The BioStinger
ead is advanced until it slightly depresses the menis-
al surface (Fig 2D). Multiple devices can be inserted
f needed with a 5- to 10-mm distance between each
evice (Fig 3).
The inside-out meniscal repair technique used both
o. 2-0 braided polyester sutures and No. 0 PDS

utures inserted with a zone specific cannula system
Linvatec), exiting through either a posteromedial in-
ision or a posterolateral incision, and tied down on
he capsule to avoid the neurovascular structures and
apturing soft tissue. The curved cannulas of the zone
pecific system have a significantly smaller radius
han the BioStinger inserter and allow for a much
ore anterior “reach” than that provided by the Bio-
tinger insertion device.
The postoperative rehabilitation program was the

ppropriate ACL rehabilitation program for those re-
airs performed in conjunction with an ACL recon-
truction.16 For meniscus repairs without ACL sur-
ery, an accelerated program of exercise was used that
ncluded no postoperative bracing, full immediate
eight bearing, and a return to pivoting sports when

he patient showed no evidence of inflammation.17-19

he specific criteria for this were no effusion, full
xtension, and nearly full flexion (135°). Patients with
eniscal repairs without an associated ACL recon-
truction were not held back or subjected to any less
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ggressive a program than those patients undergoing
n ACL reconstruction.

Statistical analysis of the results was carried out.
alculations between the differences of the means
ere performed by an analysis of variance and paired-

ample Student t test, and those of the frequencies by
he �-square test (Fisher exact test). The significance
evel was chosen to be P � .05.

RESULTS

A total of 99 patients were admitted to the study and
nderwent meniscus repair by 3 different surgeons. Of
hese, 85 patients (86%) with 89 repairs were avail-
ble with a minimum follow-up of 12 months and 14
ere lost to follow-up. The average age was 27 years

range, 15 to 48 years) and the average follow-up was
6.5 months (range, 12 to 56 months); there were 54

IGURE 2. (A) The BioStinger needle trocar is advanced 2 to 3 m
educed, the needle trocar is advanced to capture both sides of the
epressing the plunger knob on the inserter. (D) The BioStinger h
ale and 31 female patients. There were 47 pure r
ioStinger repairs (group 1), 29 repairs using only
utures (group 2), and 13 hybrid repairs (group 3).
eventy-three of the 89 repairs were associated with
CL reconstructions (41 in group 1, 24 in group 2,

nd 8 in group 3). The remaining repairs were per-
ormed in ACL intact knees (5 in group 1, 5 in group
, and 5 in group 3), or ACL unstable knees (1 in
roup 1). Persistent symptoms lead to repeat arthros-
opies for 12 different repairs with failure of meniscal
ealing observed in 6 repaired menisci (4 of 47 in
roup 1, 0 of 29 in group 2, and 2 of 13 in group 3).
esidual evidence of the BioStinger was apparent as

ar out as 16 months. In 1 case, 16 months after repair,
eniscal healing was observed to be complete with a

arely visible BioStinger and, notably, no articular
artilage scuffing (Fig 4). No statistical difference in
ealing was found between these groups (P � .5).
eniscal healing failed in 5 of the 73 cases with ACL

inserted into the inner rim of the meniscus. (B) Once the tear is
us tear. (C) Next the BioStinger is inserted into the tissue by fully
advanced until it slightly depresses the meniscal surface.
m and
menisc
econstructions (7%) and the 1 case with an unstable
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747ARTHROSCOPIC MENISCAL REPAIR USING BIOSTINGER
CL. The time intervals from surgery to failure
anged from 4 to 42 months (mean, 26 months).

The repairs were categorized by tear depth (red-red,
ed-white, or white-white) (Table 1). All the failures
ere found to occur in medial meniscus red-red re-
airs except for 1 lateral meniscus failure that was a
hite-white repair in an unstable (ACL-deficient)

IGURE 3. Multiple BioStingers were inserted if needed, spaced
t 5- to 10-mm intervals.

IGURE 4. Meniscal healing is complete 16 months after repair.

he BioStinger is barely visible and there is no articular cartilage
cuffing.

H

nee. The repairs were also categorized by the zone of
he tear (e.g., anterior, middle, middle and posterior,
osterior, full bucket-handle tear) (Table 2). All repair
ailures were tears located in the posterior third of the
eniscus. There were a total of 23 lateral meniscus

epairs with 1 failure (4%) and 66 medial meniscal
epairs with 5 failures (8%). There was no statistical
ifference in the incidence of medial or lateral repairs
P � .5).

The length of the repairs was also recorded and
nalyzed. The average tear length was 20 mm. Tear
engths are reported in Table 3. The tear lengths of
hose repairs that failed ranged from 10 to 40 mm. The
ear length was statistically greater for the hybrid
epair group (P � .5), with 9 of the 12 tears that were
0 mm or more in length having this type of repair
hybrid). Both the suture and BioStinger repair groups
ncluded a full range of tear lengths including shorter
ears.

The number of sutures or devices used was tabu-
ated. The average number of sutures used for a repair
as 2.9 (range, 1-9) for the suture repair group and 4.2

range, 1-8) for the hybrid group, but this was not
tatistically significant. The average number of menis-
al repair devices used in the BioStinger group was
.1 (range, 1-4) and for the hybrid group was 2.4
range, 1-4).

At the most recent follow-up visit, the mean Tegner
core had improved from a preoperative score of 2.8
o 6.3 (6.4 in group 1, 6.3 in group 2, and 5.8 in group
), and the IKDC activity score was 3.2 out of 4 (3.1
n group 1, 3.5 in group 2, and 3.1 in group 3). The
ean Lysholm score improved from a preoperative

core of 51 to 88 (88 in group 1, 87 in group 2, and 88

TABLE 1. Depth of Tear for the Different Repair Groups

Red-Red Red-White White-White

ioStinger 31 15 1
uture 20 7 2
ybrid 9 4 0

TABLE 2. Repair Zone for the Various
Repair Techniques

Anterior Middle
Middle

Posterior Posterior Complete

ioStinger 1 6 — 40 —
uture — 3 — 25 1

ybrid — 1 2 7 3
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748 F. A. BARBER ET AL.
n group 3), and the mean Cincinnati score improved
rom a preoperative score of 44 to 84 (83 in group 1,
4 in group 2, and 84 in group 3). There were no
tatistical differences for Tegner, IKDC, Lysholm, or
incinnati scores (P � .5).
Adverse events were tracked in all groups. There
ere no cases of infection. In 2 BioStinger repairs,

oint-line tenderness was reported that was caused by
evice migration (confirmed by magnetic resonance
maging) into the peripheral soft tissue (Fig 5). In
hese cases, there was no tenting of the overlying skin
nd the BioStinger was seen lying parallel to the
eniscus. Neither required removal of the BioStinger.
here were no instances in which the BioStinger per-

orated the meniscus and did not hold, which would
ave required removal through the skin.

DISCUSSION

This is the first report of a prospective clinical
xperience with the BioStinger meniscal repair de-

TABLE 3. Tear Lengths for the Different
Repair Techniques

10 mm 15 mm 20 mm 25 mm 30 mm 40 mm

otal 5 21 41 10 7 5
ioStinger 3 14 22 7 — 1
uture 2 7 16 2 1 1
ybrid — — 3 1 6 3

IGURE 5. Magnetic resonance imaging shows the BioStinger
arrow) located posterior to the meniscus and parallel to it. The
t
ircle is the BioStinger cross piece and the dot in the center is the
haft.
ice. The actual usage of the device points out some of
he limitations and strengths of meniscal repair de-
ices. The BioStinger is very attractive for an extreme
osterior lateral or posterior medial tear. The Bio-
tinger can be inserted without additional incisions or

he passing of sharp instruments through an area with
mportant neurovascular structures. This not only
voids damage to these structures but problems with
he capture of the posterior soft tissues by arthroscopi-
ally inserted sutures. In addition, the simplicity of
his technique decreases operating time. On the other
and, for longer tears and especially the displaced
eniscal tears, it is more difficult to achieve the same

natomic reduction and repair that is provided by
utures.

Tears involving the anterior third of the meniscus
re also not repairable with meniscal repair devices
ecause of the inability to access these zones with the
ssociated insertion tools. Meniscal repair devices re-
uire the mastery of new instruments as well as the
recise placement of the devices. Depending on which
evice is selected, a foreign body or prominent knot is
eft on or near the meniscal surface and the biome-
hanics of tear apposition by these devices has not
een fully investigated. Finally, although a repair of-
en requires fewer of these devices than sutures, their
ost is significantly greater than a comparable number
f arthroscopic meniscal sutures.
The hybrid repair using a combination of both su-

IGURE 6. The hybrid repair used a combination of both sutures
nd repair devices.
ures and BioStingers (Fig 6) seems to be an attractive
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749ARTHROSCOPIC MENISCAL REPAIR USING BIOSTINGER
lternative to the pure suture or pure device repair in
ppropriately selected cases. Placing some BioSting-
rs in a long peripheral longitudinal tear will “tack” it
nto position, allowing easier insertion of subsequent
eniscal repair sutures. Also, the BioStinger seems
ell suited for the posterior horn portion of these long
eniscus repairs to decrease the potential for compli-

ations. Repairs that used a combination of sutures
nd BioStingers (hybrid repairs) were statistically
onger than the other repairs.

A weakness of this study is the lack of a second-
ook operation for a large portion of the patients.
owever, this reflects the successful clinical status of

hese cases and the difficulty in justifying reoperation
or asymptomatic patients. Another weakness is the
elatively short follow-up. Based on the experience of
eHaven et al.,20 we anticipate that the early success

ate may deteriorate over time and we intend to fol-
ow-up our patients for a longer period. Yet, this
eport with an average 26 months follow-up provides
aluable insight into the postoperative course of me-
iscal repairs using the BioStinger. Additionally, the
reliminary success rate reported here is consistent
ith other reports for both suture meniscal repairs and
evice repairs.4,7,16-21

Biomechanical testing of this and other meniscal
epair devices shows some variation in single-pull
ailure loads.8,22-25 Clinical reports that complement
hese biomechanical tests are as yet not available for
ost of the newer devices. Those clinical reports that

o exist do not reveal any significant difference in
ealing rates for the various repair devices.4,7,21,26,27

his highlights the complexity of the question of what
t actually takes to accomplish a successful meniscal
epair. This report suggests that the BioStinger pro-
ides repair capabilities comparable to other meniscal
epair devices reported to date.4,5,7,20,21,26,28

It is well established that meniscal repair healing
ates are higher when associated with an ACL recon-
truction.28-30 This is probably because of the greater
nflammatory healing response stimulated by the ACL
econstruction as well as the less degenerative nature
f the peripheral longitudinal tear found with ACL
ears. It was also observed in this study that healing
ates were greater for the suture repairs (100%) than
or the BioStinger repairs (91%). Whether this differ-
nce will be maintained after a longer follow-up pe-
iod remains to be seen—it is expected that more
eniscal failures will become apparent over time.20

The BioStinger is a cannulated non–self-reinforced
LLA device. It contrasts significantly with the Lin-

atec Meniscus Arrow, which is rigid and will occa- 1
ionally migrate peripherally and even tent the skin.
he BioStinger was not observed to do this. Instead,
hen found to lie peripherally, the BioStinger

turned” and lay flush with the capsule (Fig 4). The
rritation associated with this migration usually disap-
eared after a period of 6 months. The biodegradable
ature of this material will result in the complete
bsorption of these devices over time. At the time of
epeat surgery, no articular cartilage excoriation or
ther problems reported with other devices7,31-37 were
bserved.

CONCLUSIONS

The purpose of this study was to evaluate the clin-
cal effectiveness of the BioStinger meniscal repair
evice. At this point, the success rate for the suture
epair is 100% and for the BioStinger device is 91%.
his is a preliminary healing rate and will probably
orsen over time as more failures become apparent.20

dverse events were encountered as with other repair
evices,38 including peripheral device migration,39 but
rticular cartilage excoriation was not observed in this
roup.
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