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Biofix resorbable meniscus arrow
for meniscal ruptures:
results of a 1-year follow-up

Abstract Modern individuals with a sport activity is allowed after

long and healthy life expectancy per3 months. Twenty-five patients

form more and more physical activi- (26 meniscal repairs) with a mean
ties both in daily life and in sport.  age of 31.6 years (13-57) were

This demanding life-style forces the reviewed. Follow-up averaged
surgeon to perform less radical sur- 16.7 months (12—22). The evaluation
gery for meniscal ruptures, thus was based on the modified Marshall
avoiding the early degenerative knee score. Three patients had an ex-
changes which frequently occur in tra-articular reconstruction for ante-
totally or partially meniscectomized rior cruciate ligament deficiency, and
knees. When repair is possible, five had an arthroscopic ACL recon-
meniscal suture must be consideredstruction with a ligament allograft.
Various arthroscopic techniques of The results were excellent or good in
meniscus suturing have been re- 22 patients (88% “satisfactory” out-
ported. “Inside-out,” “outside-in,” come). Three patients had poor re-
and more recently “all-inside” tech- sults. One patient with a new trauma
niques can be used. Complications presented a lateral meniscal lesion
include saphenous and peroneal  associated with an ACL rupture. The
nerve damage and vascular lesions.Biofix arrow fixation technique al-
The Biofix arrow fixation technique, lows safe fixation of meniscal rup-
which is an all-inside procedure, is tures, specifically of posterior horn
easier and in our hands less time- lesions where injury of neurovascu-
consuming than other arthroscopic lar structures is not uncommon.
suturing techniques. Postoperatively,

partial weight bearing is prescribed Key words Meniscal ruptures -

for 3 weeks. Progressive return to  Biofix resorbable arrow

Introduction

the pioneering publication of Annandale [4] over 100 years
ago, it was not until the classic publications of Heathley
[17], Cabaud et al. [9] and Arnoczky and Warren [5], who

Since the historical reports of King [19] and Fairbank [16howed the healing potential of peripheral meniscal tears,
it has been known that total meniscectomy leads to degtaat meniscal repair gained widespread support.

erative changes in the long term. Later studies have docuPreservation rather than excision and repair of the menis-
mented the functional value of the menisci in load trarsal tear came to be performed in the 1970s and early 1980s
mission, shock absorption, and joint lubrication, and thélowing the successful results of open meniscal repair.
contribution to joint congruity and stability [23, 29]. Sewarious arthroscopic techniques for meniscus repair, such
eral other studies have also demonstrated that partial meassthe inside-out or the outside-in methods, can be used
cectomy may lead to cartilage degeneration [9]. Desfit8, 30]. De Meulemeester et al. [13] report that the menis-
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cal repair can allow a functionally competent knee and
anatomical restoration in 90% of cases. However, sevd
complications including saphenous and common pero
nerve injuries have been reported [12, 26]. To overco
these problems an all-inside technique has been descr|
more recently, especially for posterocentral lesions [2
In 1993 in an attempt to avoid neurovascular injuries a
to shorten operating time, Albrecht-Olsen and Kristens
developed a new all-inside meniscal repair technique =
ing absorbable tacks [1]. '

In this study we review a consecutive series of arthi
scopic meniscal repairs using an all-inside Biofix tec
nique, with a 12- to 22-month follow-up. Surgical tect :
nique, clinical outcomes, and complications are reporte
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Material and methods

Between October 1995 and August 1996, 36 patients undern
arthroscopic all-inside meniscus repair in our Department using Fia.1 The Biofi .

Biofix arrow fixation technique. Twenty-six patients having mini 9. € BIOliX menIScus arrow

mum 1-year follow-up, were reevaluated. One patient reruptul

his initial meniscal tear when playing soccer 6 months after mer “T" head of the arrow
cal and ACL repair and was not included for the evaluation. P Scale of the arrow
operatively nine patients had anteroposterior knee instability. Th
of these had previously undergone a Lemaire extra-articular rec
struction and in six patients ACL reconstruction was performed |
ing a ligament allograft, four at the time of meniscus repair and
two 5 months after repair. All repaired tears were located in the v
cularized (red-on-red and red-on-white area) zone of the menisi
except one erroneously white-on-white area repair.

The 25 patients included 16 men and 9 women. One pati
had a medial and lateral rupture in the same knee, making a toti |3
26 meniscal repairs in 25 knees. The mean age was 31.6 y [2;
(range 13-57). Follow-up averaged 16.7 months (12—22). Fourt %
repairs were in the right knee and 11 in the left. Only one late Y
meniscus was repaired in each group. Six patients were operate
in the acute phase (injury-to-repair interval < 2 weeks). Sports
juries were the main cause of meniscal tears (15 cases). Other ceFig. 2 Principle of fixation: the scaled stem is fixed in the semi-
included: accidents at work (3 cases), accidents at home (3 cacircular fibers of the peripheral meniscus while the T-head of the
degenerative process (3 cases), and motor vehicle accidents (2 cearrow locks the ruptured part of the meniscus
Because of our limited experience with this new technique and
high cost of the implant in the first five patients we combined the i
side-out technique (Double-Barrel Meniscal Repair System; Acuf
Microsurgical, Norwood, Mass., USA) with the Biofix arrow as

second fixation method. We placed an average of 2.8 tacks ; il
meniscal tear. # _ _* ﬁf’ -

Circular fibers
of the meniscus

"

Technique ‘

We have been using the Biofix meniscal fixation technique in ¢ |
Department since October 1995. The implant provides a horizotr
fixation and has been designed to create optimal fixation of i - |
meniscus. It consists of a T-shaped tack with barbs on the stem ‘

sembling a fishing hook, and is made totally absorbable self-re )
forced polylactic acid (Biofix; Bioscience, Tampere, Finland), whic ‘
is a highly biocompatible and totally biodegradable substance in \

human body (Fig. 1). The present implants have a stem diamete

1.1 mm and are available in three lengths (10, 13, and 16 mm)

different localizations of meniscal lesions (Fig. 2). )
The T-head of the arrow locks the central part of the ruptur

meniscus while the scaled stem is fixed in the circular fibers of 1

peripheral part of the meniscus (Fig. 3). The implants gradually Ic

their strength by degradation over several months and stresseFig. 3 Instrumentation set for the application of the Biofix arrow
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Table 1 Modified Marshall knee scoring scale, total maximum
points = 30 ADL activities of daily living)

Item Points
Subjective 0-11
Pain (no, yes) 0,1
i Swelling (no, yes) 0,1
| Stair difficulty (no, yes) 0,1
| Clicking, numbness (no, yes) 0,1
I Giving way 0-4
i Normal 4
1 With athletic activity only 3
. Sy 5 With stress upon ADL 2
RE ‘MED GEWRSPL VERT _ = Regularly Upon ADL o

Return to sports or work 0-3
Return, no limitation
Return, some limitation
Change in occupation

Fig.4 Sonography shows a localized edematous zone in the M Cannot work 0

following Biofix arrow application for the meniscal rupture in th'Objective
middle one-third

B e ey
1D.COCQUET

fUZ-6ent Prof.Dr. Claessens

ph®

Functional tests 1-7
Duck walk 0-2
transferred more and more from the implant to the healing mer Performance without discomfort 2
cus tissue. Experimental studies have shown that implant (poly Performance with discomfort 1
lactide) degradation time is up to the 4 years in bone [7]. Cannot perform 0
A specially designed instrument set allows repair through st¢  gn in place 01
dardarthroscopy portals, and consists of six cannulas with varic 3 | 0' 5
curves, an obturator, a needle, perforator, pusher, and ham uglpfon €g thout di fort >
(Fig.4). The cannulas are designed for easy access to all le Performance W!thOdL! |sc]9mt or :
sites and have the same lumen geometry as the implant. Their Cer ormancfe Wi Iscomtor 0
are oblique and have sharp teeth for a firm hold on the menisci annot perform
After the rupture has been freshened and reduced, the ch¢ Half squat 0.1
cannula with the blunt obturator inside is inserted through the p  Full squat 0,1
tals. After withdrawal of the obturator the cannula is fixed at 3—-4 Specific knee examination (12 points)
from the lesion, and the meniscus is kept reduced. With a spe Tenderness 0,1
perforator a hole for the arrow is made through the meniscus into Joint effusion 0,1
joint capsule. The irrigation fluid is turned off, and the perforat Swelling (soft tissue) 0,1
is retracted. A tack is pushed into the cannula with the pusher Crepitation 0,1
hammered into the meniscus. A special reciprocating instrument  \1,scle power 0-3
be used for this procedure. Every 5-10 mm a new tack is insel Normal 3
until the rupture is stable. In our experience, each application Mild weakness 2
the arrow takes a few minutes. Moderate weakness 1
Severe weakness 0
Postoperative treatment Thigh size 0-2
Equal 2
Although opinions differ, we recommend 3 weeks of partial weig 1-2 cm difference 1
bearing without the use of a brace for small ruptures (1.5-2 cm) = 2 cm difference 0
the case of larger lesions (> 2 cm) 3 weeks of non-weight-beariR f moti 0-3
is advised. Progressive sports activity is allowed after 3 months a’\rrge o | mation 3
pending on the patient’s progress. Generally return to competit (f)rmal 4 “ flex. |
sports is allowed after 6-7 months. 5° ext. loss and/or 10° flex. loss 2
10° ext. loss and/or 20° flex. loss 1
= 10° ext. loss and/or > 20° flex. loss 0

Evaluation

The evaluation was based on a modification [27] of the Marshal
al. [22] knee rating system (Table 1). This score originally includ
the evaluation of ligament stability, but this was beyond the scc

Stability testing was excluded from the scoring because of the
small number of ACL reconstructions £ 6)

of our study. We did not use the “patient’'s own evaluation” sectippwer, thigh circumference and knee range of movement were also
of the modified Marshall score in our evaluation questionnaire. Queasured and compared to the findings obtained in the contralat-
modified knee rating system included the evaluation of pain, swellirgal extremity. Depending on the results, the patient’'s condition
symptoms of giving-way, and — in an attempt to establish a funeas categorized as excellent, good, fair, or poor. A score of 26—
tional level — the ability to return to sports or work. The patients we38 pointsrepresented an excellent result, 21-25 points a good
examined or questioned for knee effusion, soft tissue swelling, jaiesult, 1620 points a fair result, and fewer than 16 points a poor
line tenderness, intra-articular crepitus and ability to squat. Musdsult.
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Results UZ GENT PROF,UERDONK 1482/89/97
BENZARZA 1D: 1 #11:33:51
L P Ortho
Complications 75L48+ 7.5
Distance
. . . . UNDO
One patient developed a deep postoperative infection R H-fing

was treated with antibiotics. Another patient showed p i

sistent hemarthrosis during the first postoperative mo
which regressed spontaneously. Irritation from the Biof
implant was observed in two cases. In the first patient -
meniscal lesion was localized in the white-on-white ar| L XN
of the middle one-third of the medial meniscus and th -~
13-mm arrows were used to repair the rupture The pati

developed focal pain around the medial collateral ligaméd
(MCL), and sonography showed a clear focal edematg
zone in this ligament. In this erroneously performed me DORS MED VERT

cal repair a control arthroscopy revealed an unhealed meSRT % BT HI1:.6 _PWR: 38

cus rupture, and a partial meniscectomy was performed _. . . .
P P y P Fig.5 Sonographic image showing a subcutaneous foreign body

intractable pain and functlonal_ d'sab'“ty: I:’hys'Otl’]er""[at the posteromedial corner of the knee, probably representing a
successfully resolved the MCL inflammation. The secoismall part of the implant that has migrated into the soft tissue

patient whose one-third posteromedial meniscal rupture v
repaired using two 13-mm and one 16-mm absorbable
rows, developed focal and more superficial posteromec
knee pain in the postoperative period. Sonography (Fig
and magnetic resonance imaging (Fig. 6) revealed infla
tissue at the posteromedial capsular insertion of the se
membranosus tendon and a subcutaneous “foreign bo
Symptomatic treatment was instituted and at 14 mon
postoperatively the patient retained only minor sympto
at this site. Four patients developed persistent effus
during the first postoperative weeks. This effusion spon
neously regressed in the following weeks. We observ
no neurovascular damage.

.

-

Functional results

Based on a modified Marshall knee evaluation syst -

13 patients had an excellent result (52%) and 9 a goo

sult; thus 22 patients (88%) experienced satisfactory post

erative outcomes. Three patients underwent partial melfig-6 '\g_asllnetic fleSQnanf;fﬂ im?gtlﬁ of inf_lame% tissue a: thé% pcas-
cectomy 5, 8, and 12 months after meniscal repair. Trtgrgrﬁ]égpfggﬁgtgr;ﬂzﬂ :ggg‘;h € semimembranosus tendon due
score was retrospectively categorized as poor. One of tr
failures was due to an improper indication (white-on-whi
zone). The other patient had associated, untreated pafrtat

ACL deficiency. The third patient had no associated lesiddiscussion

and reruptured her meniscus 1 year after the initial trauma

during daily activities. The patient who was not includgereservation of the functional value of the menisci forces
in this study, after an excellent postoperative rehabilithe surgeon to perform less radical surgery for the man-
tion period, reruptured both his meniscus at the samedgement of meniscal ruptures. Various meniscal repair tech-
cation and ACL when playing competitive soccer 6 monthigues have been published, such as the inside-out, outside-
after meniscal repair and ACL reconstruction. We excludid and all-inside methods. However, these technically de-
this case because of his remarkably violent trauma whivanding procedures are encumbered with several compli-
can damage any healthy meniscus. He underwent a pagédions, including popliteal artery injuries and saphenous
meniscectomy to resolve his complaints. This patient d¢idd common peroneal nerve damage. In his review of the
not return to our clinic but followed further rehabilitatiofiterature on arthroscopic meniscal repair Small [26]
programs at the sports medicine center. All of the recasports that the complication rate ranges from 1.2% to
structed ACL injured knees had satisfactory results.  2.5%.
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To reduce the risk of neurovascular complications a 13/16 mm
simplify meniscal repair, an all-inside technique using r
sorbable implants (Biofix) has been proposed by Albrecl
Olsen et al. [2]. In their recent randomized prospecti
study comparing the inside-out meniscal repair technic
to the Biofix method, these authors report that the opel
ing time is half as long and the healing rate significant
better in the Biofix arrow group Although we did not col
lect data on operating times, we totally agree with the tin
saving aspect of this technique. 10mm

Recently another design of absorbable staple — mad
copolymer of polyglicolic and polylactic acid — for arthro ~ Med. Lat.
scopic meniscal fixation has been proposed and evalue , . -
in an in vivo canine study by Koukoubis et al. [20]. TheFig-7 Choice of appropriate arrow length for specific zones
also compared the tensile strength of the staple to the
gle 3-0 PDS suture. Although the tensile strength of tt@vs are made in three lengths: 10, 13, and 16 mm. The
staple was greater than that of the suture for up to 4 monft&,and 16-mm arrows are used in the most posterior parts
no difference was found in the long term between the tebthe meniscus. For the anterior one-third 10-mm arrows
groups. A risk of migration of the staple into the perimeniare recommended, and for the middle one-third 13-mm
cal tissue has been reported, and theoretically it may camows (Fig. 7). However, it seems to us that morphologi-
the risk soft tissue irritation about the knee joint. cal variance of the human meniscus can interface with this

We did not include stability testing in the scoring sysecommendation. Schreiber [25] propose the use of 10-mm
tem because of the small number of ACL reconstructicasow in place of 13-mm one for the ruptures localized in
(six patients). It seemed to us that the evaluation of stahiiddle one-third of the medial meniscus. The 13-mm ar-
ity in this small group would not allow conclusions to bew carries the risk of protrusion on the MCL. Using the
drawn on the effect of ACL reconstruction on the perfomeniscal perforator while creating the arrow hole may
mance of the repaired meniscus. prove useful. If one can palpate the tip of the perforator

We performed a second-look arthroscopy in only thraader the skin, the 13-mm arrow is probably too long.
failed meniscal repair. These patients underwent partiallt is also very important to hold the cannula firmly when
meniscectomy and were retrospectively categorized as pbarmmering the tack into the meniscus. The arrows may slip
Obviously the 22 patients who achieved satisfactory clinicaler the surface of the central part of the meniscus and be
results should not be interpreted as anatomically heaggdbedded in the capsule. Accidental loss of the arrow in
cases. Theoretically it is possible that some of them hdfre joint is another potential problem but adverse reac-
a clinically asymptomatic but unhealed meniscus [31]. Aions or cartilage lesions due to the implant have not been
anatomically complete healing rate cannot be predicteghorted [1].
from our study. In a recent study Albrecht-Olsen et al. [3] report that re-

We confronted no neurovascular problems, but in tyair with Biofix arrows has approximately the same fail-
patients we did see soft tissue irritations problems frame strength as a horizontal (0-Maxon) suture loop. Pull-
the arrow involving the MCL and the semimembranosusyt strengths of vertical loop (2-0 Ethibond) suture tech-
respectively. A similar problem has also been reportedigue and the Biofix arrow method have also been com-
Whitman et al. [32]. Four of the 13 patients who wepared by Dervin et al. [14]. They found that the main fail-
treated with the Biofix arrow system showed transient fore load of the vertical loop technique is superior to the
cal posterior knee pain, which resolved within 6 monthseniscal arrow, and they suggest modifications to the im-
and was unrelated to the length of implants. In our simifalant design to achieve better fixation.
case of posteromedial knee pain, symptoms continued ug;etinkaya et al. [L0] compare the failure strength of the
to 14 months. We can agree, as Whitman et al. speculateniscal arrow to (0-PDS) horizontal and vertical loop su-
that the penetrated sharp tips of the arrows cause irritatiores. Although the meniscal arrow has a low failure load,
of the overlying soft tissues. they found no statistically significant difference between

Soft tissue and nerve irritation problems have also bebe primary stability of the techniques.
observed by Albrecht-Olsen et al. [1, 2]. They had to re- Postoperative hemarthrosis, which was present in one of
movetips of the Biofix arrow, compromising the infra-our patients, spontaneously regressed after 1 month through
patellarbranch of the saphenous nerve in three patierdgsnsecutive knee aspirations. This favorable course obvi-
Another case has also been reported of protrusion of adiéd the need of further diagnostic investigations. Peroral
mm arrow through the MCL under the skin [1]. antibiotic treatment successfully resolved deep postopera-

It might be possible to reduce such complications kiye infection in another patient. Persistent postoperative
choosing the zone specific arrow length. The current agdrops was found in four patients. This sterile effusion

13/16 mm

13 mm

13 mm
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subsided completely after repeated aspirations of the khges smaller than 2 cm; in case of lesions larger than 2 cm
joint during the first postoperative mount. 3 weeks of non-weight-bearing is advisable. Progressive

This kind of sterile fluid secretion due to a nonspecifgports activity is allowed after 3 months depending on the
inflammatory reaction to the absorbable polyglicolide acphtient’'s progress. In the majority of cases return to com-
and only occasionally to the SR-palytactic acid (actual petitive sports is allowed after 6—7 months. Our rehabili-
base of the implant) has already been reported in fractiat®on protocol is the same for routine meniscal sutures
osteosynthesis and considered as a foreign body readigchnique and for the Biofix arrow method.
[8, 15]. A severe aseptic synovitis of the knee after the use
of polyglicolide acid pins for the treatment of osteochon
dral lesions is also reported in the literature [28]. Conclusion

The postoperative treatment of meniscus repair re-
mains controversial. Various postoperative protocols hawe find this new technique promising. Our study shows
been reported. Early immobilization, weight-bearing sttat the Biofix arrow restores the stability of the ruptured
tus, and return to pivoting sports are the main subjectamadniscus with 88% satisfactory clinical results. The ad-
discussion. Recently Barber [6] and Shelbourn et al. [24ntages include short operating time, superfluous capsu-
proposed an accelerated rehabilitation program permittiag exposure, easier technique, and potentially lower risk
immediate, unlimited weight-bearing, full unbraced motioof neurovascular lesions, especially when posterior horns
and return to pivoting sports activities as soon as toleratack involved. The cost of the implant is much higher than
They found no significant difference between standard ahét of previous methods, but the above advantages can
accelerated postoperative rehabilitation programs. Eyasitify its use. A longer follow-up and biocompatability
with these favorable results we still recommend 3 weeltsidies are mandatory to evaluate the long-term benefits
of partial weight bearing without the use of a brace for rupad drawbacks of this technique.
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