Outcomes After Meniscal Repair Using the Meniscus Arrow

in Knees Undergoing Concurrent Anterior Cruciate
Ligament Reconstruction
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Purpose: To determine the healing rate of meniscal repair using the Meniscus Arrow (Bionx, Blue
Bell, PA) in patients undergoing concurrent anterior cruciate ligament (ACL) reconstruction and to
evaluate patient outcomes with the International Knee Documentation Committee (IKDC) form and
a visual analog scale (VAS). Type of Study: Case series with outcomes analysis. Methods: We
retrospectively analyzed 38 consecutive patients with 39 meniscal tears in knees undergoing con-
current endoscopic ACL reconstruction whose menisci were repaired with the Meniscus Arrow
system. All meniscal tears were deemed amenable to repair according to length, stability, morphol-
ogy, and zone of tear. There were 31 medial and 8 lateral meniscal tears, with an average tear length
of 2.1 cm. An average of 2.5 arrows were used to repair each tear. All 39 tears were located in the
posterior horn of the meniscus or extending into the body of the meniscus from the posterior horn.
Follow-up was assessed by clinical examination, the knee disorders subjective history, VAS, and the
IKDC evaluation form. Reconstructed ACL laxity was assessed by KT-2000 arthrometry and clinical
evaluation. Results: At an average follow-up of 2.3 years (range, 18-39 months), 32 patients have
been surveyed to date. The success rate was 90.6% (29 of 32 patients) with 3 patients going on to
arthroscopic partial meniscectomy. KT-2000 arthrometry showed that sagittal knee laxity was less
than 3 mm in all reconstructed knees. Clinical criteria for success in the rest of the repaired menisci
included (1) the absence of locking, catching, or giving way; (2) no history of recurrent effusions; (3)
no joint line tenderness; (4) a negative McMurray test; and (5) no subsequent surgical procedures on
the repaired meniscus. Additionally, the VAS showed the ability of these patients to return to a high
level of activity, including competitive sports, without symptoms suggestive of a meniscal tear. The
IKDC showed normal or nearly normal function of all success knees. Conclusions: The study shows
that a high rate of meniscus healing can be achieved by the all-inside, bioabsorbable Meniscus Arrow
system in conjunction with ACL reconstruction. Also, patients have excellent function of their knee
and are able to return to a high level of activity. Our healing rates are comparable to those previously
reported with the inside-out suture techniques without the need for an additional posterior incision
that would increase operative time and risk to neurovascular structures. Key Words: Meniscus
repair—Bioabsorbable—All-inside—Arrow.

ince the advent of open meniscal repair pioneered
by DeHaven,! many arthroscopic techniques have
been reported.?-> The recent introduction of all-inside
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repair using biodegradable fixation devices has
sparked interest in the realm of meniscal repair. By
avoiding the need for a separate incision, all-inside
repairs offer a simplified technique with a theoretical
decreased risk to neurovascular structures and de-
creased operative time compared with the inside-out
and outside-in techniques. There is some concern that
the insertion techniques are so much simpler that
surgeons may compromise indications for meniscal
repair. The Bionx Meniscus Arrow (Bionx, Blue Bell,
PA), introduced in 1996, was used in this study for
all-inside meniscal repair in a consecutive series of

Arthroscopy: The Journal of Arthroscopic and Related Surgery, Vol 18, No 6 (July-August), 2002: pp 569-577 569



570 S. S. GILL AND D. R. DIDUCH

patients undergoing concurrent anterior cruciate liga-
ment (ACL) reconstruction.

Overall, meniscal healing rates vary according to
the stability of the knee joint. ACL-deficient knees
show meniscal healing rates of approximately 30%
versus roughly 60% for ACL-stable knees. For knees
undergoing concurrent ACL reconstruction, the aver-
age meniscal healing rate ranges from 83% to 93%™*°
with inside-out or outside-in suture techniques.

To our knowledge, there has been no intermediate-
term study documenting the healing rate of menisci
repaired with any of the all-inside repair devices,
including the Meniscus Arrow. The purpose of this
study was to attempt to determine the healing rate of
all-inside meniscal repair in patients undergoing con-
current ACL reconstruction. Also, we assessed patient
outcomes with the International Knee Documentation
Committee (IKDC) form and a visual analog scale
(VAS) to further evaluate the subjective and clinical
success of this repair technique.

Recently, quality-of-life measures were assessed
in patients undergoing arthroscopic partial meni-
scectomy.” Although the procedure was excellent in
alleviating pain, swelling, and other symptoms, sub-
stantial disability was noted in functional activities,
including running, jumping, kneeling, and squatting.
Thus, the need to safely and effectively repair the torn
meniscus is further underscored by not only providing
biomechanical stability but also by improving the
patient’s quality of life.

METHODS

Between December 1996 and November 1998, 41
consecutive patients with 42 meniscal tears underwent
repair with the Meniscus Arrow system while under-
going concurrent endoscopic ACL reconstruction. All
procedures were performed by the senior author
(D.R.D.) at the outpatient surgical center affiliated
with the university hospital. Three patients were elim-
inated from the study to eliminate any confounding
variables. One patient was a Workers’ Compensation
case, the second patient had a knee dislocation with
concurrent posterior cruciate ligament reconstruction,
and the third patient had residual complete laxity of
the medial collateral ligament. This left a total of 39
meniscal tears in 38 patients for analysis.

The ACL was reconstructed with central-third
bone—patellar tendon-bone autograft in all cases. All
meniscal tears were deemed amenable to repair ac-
cording to length, stability, morphology, and zone of
tear.>8 An arthroscopic rasp was used to produce

parameniscal abrasion before repair to optimize heal-
ing.? The technique for insertion of the arrow included
placing the arrow with the cannula 2 to 3 mm from the
tear edge. Care was taken to not place the arrow
obliquely so the arrow would not abut the tibial pla-
teau or rub against the femur. The arrow was gently
tapped to a depth at which the surface of the meniscus
was slightly indented by the head of the arrow. All
arrows were inserted with hand instruments per the
manufacturer recommendations.

The study population consisted of 27 male and 11
female patients. Tear morphology included 32 verti-
cal, longitudinal tears and 7 bucket-handle tears.
Thirty-one tears were in the medial meniscus, and 8
tears were in the lateral meniscus. Fourteen meniscal
tears were less than 2 centimeters, 24 were between 2
and 3 cm, and 1 was greater than 3 cm. The average
tear length was 2.06 cm. Any stable tears less than 1
cm were not repaired. The chronicity of the tear was
designated from the time of the suspected trauma to
the time of the repair; 6 weeks marked the transition
from acute to chronic. Sixteen meniscal tears were
repaired in the acute time period (range, 1.7 to 6
weeks) and 23 were chronic repairs (range, 2 to 48
months).

The number of arrows used depended on the num-
ber required to achieve a stable meniscal repair (Fig
1). One arrow was used in 8 menisci, 2 arrows in 13
menisci, 3 arrows in 11 menisci, 4 arrows in 5 me-
nisci, 5 arrows in 1 meniscus, and 6 arrows in 1
meniscus. The average number of arrows used was
2.51 arrows per meniscal repair. Arrow sizes ranged
from 10 (14.3%) to 13 (80.6%) to 16 (5.1%) mm with
predominant usage of the 13-mm Meniscus Arrow.

Cooper’s classification system for the location of
the meniscal tear was used in this study.'® With this
system, the meniscus is divided into circumferential
and radial zones. No tears deemed amenable for repair
were located in the white-white avascular zone. Six
tears were at the menisco-capsular junction, 7 were in
the red-red zone, and 26 were in the red-white zone.
All tears were located in the posterior horn of the
medial or lateral meniscus (zones A and F) or extend-
ing from the posterior horn into the body of the
respective meniscus.

Follow-up was assessed by both subjective and
objective means. The history and physical examina-
tion specific for the meniscus was used to evaluate the
success of the repaired menisci. These criteria in-
cluded the absence of locking, catching, or giving
way; no history of recurrent effusions; no joint-line
tenderness; a negative McMurray examination; and no
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subsequent surgical procedures on the repaired menis-
cus. Along with clinical examination using the Lach-
man test and the anterior drawer test, objective mea-
surements were done with the KT-2000 to assess the
stability of the ACL reconstruction.

The IKDC form for knee evaluation was used to
characterize the outcome of the knee reconstruction.!!
Additionally, patients completed a VAS proposed by
Flandry et al.!? to analyze the degree of success of the
meniscal repair by effectively recording subjective
data (Fig 2). This knee disorder’s subjective history
VAS was shown to correlate with other scoring meth-
ods, such as the Noyes, Larsen, and Lysholm knee
scales, while eliminating bias introduced by examiner
questioning. The VAS also fostered a broader range of
responses than traditional categoric responses.

Ficure 1. (A) Medial meniscal tear with the probe in the red-
white junction. (B) Hand instruments for arrow insertion stabiliz-
ing the undersurface of the meniscus to place the first arrow. Two
additional arrows were placed on the superior surface. (C) Stable
meniscal repair.

An explanatory letter was sent to each patient de-
scribing the purpose of the study. The patients were
requested to return to the clinic for a subjective and
objective evaluation. If the patients were unable to
return to the clinic, telephone calls were placed so that
the questionnaires could be completed. A review of
the office and hospital records was used to compile the
historical database. The clinical follow-up examina-
tion and IKDC rating were performed by another
qualified evaluator to avoid any interviewer bias.

The rehabilitation protocol was identical to our iso-
lated ACL reconstruction postoperative rehabilitation.
Patients were allowed weight bearing as tolerated and
immediate range of motion, quad sets, and straight leg
raising exercises. A hinged, postoperative long-leg
brace was worn for the first 2 weeks. Closed-chain
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KNEE DISORDERS SUBJECTIVE HISTORY

NAME:

HISTORY: DATE: SIDE: L R

INSTRUCTIONS
For each question, shade in a box between the two descriptions which you think describes your knee
relative to the two extremes. Please complete both sides of this form.

1. How often does your knee hurt?
Never [ | | | [ I | | | | | Daily even at rest

2. How bad is the pain at its worst?
None [ | | | | | [ | I | | Severe, requiring pain pills every few hours

3. Do you have swelling in your knee?
Never | [ ] l I ] l | | I [ Daily, even at rest

4. Does your knee give way or buckle?
Never [ | | | | | | | | I | T must guard my knee to prevent giving way
even with normal everyday activity

5. Does your knee lock up so you are unable to straighten it?
Never | | I l [ ! | | ] [ | I must guard my knee to prevent locking
even with normal everyday activity

6. Does your knee catch or hang up when moving?
Never 1 | ] I | | | | | | I must guard my knee to prevent catching
even with normal everyday activity

7. Is your knee stiff?
None I | I | | | [ | [ | | I can barely move my knee because of stiffness

8. Are you able to walk on level ground?
No problem | | ] | I [ I I [ | I Unable

9. Are you able to walk on rough ground, inclines, or negotiate curves?
No problem | f | | | [ ] | | i | Unable

10. Do you need crutches, cane, or walker to walk?
Never [ | | | [ [ [T [T T T "]Aways

11. Do you feel grinding when your knee moves?
None L[ [ T T T T T T T 7 Ssevere

12. Do you have problems twisting or pivoting on your injured knee?
None [ [ | [ [ [ [T T T T 1]unale

FiGure 2. Visual analog scale.
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Do you have problems carrying heavy objects because of your knee?
Nome [ [ [ [ [ [ [ [ [ | [unale

Do you have problems climbing stairs?
Nome [ [ [ [ [ [ [ | [ [ |Unale

Do you have problems going down stairs?
[ [ |

None [ | | [ { | | Unable

Do you have problems running?

None C T T T T T T T T [ ]Unable

Do you have problems decelerating (slowing down) after running or jogging?
None [ ! I | [ | ] | | Unable

Do you have problems cutting (changing directions while running by pivoting_lon affected knee)?

None [ ] ] | | ] | l ] Unable

Do you have problems jumping?
None C T T 1T 1T T T T [ |Unale

Do you have problems taking part in competitive sports?
Nome [ T [ [ [T [ [ [ | [ |Unable

Do you have night pain?
None [ T T T T T T T [ Jsever

. Do you have problems kneeling?

No problem [ ] | l | | | [ | | | Unable
. Do you have problems squatting?
No problem | | | ] | | | | { [ ] Unable
. Do you have problems getting in and out of a car?
No problem | | I I | | [ I I 1 | Unable
Does your knee ache while you are sitting?
Never I P [ [ [ [ [ ]Aways
Do you have problems getting in or out of a chair?
No problem | [ | | | | | | l | | Unable
Do you have stiffness or discomfort when you first start to walk?
None C T T T T T T [ T [ ]Always
Do you have problems turning over in bed?
None C 1T T T [ T [T [T [ | |Unable

FiGure 2. Visual analog scale.
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|:] Not attempted
[:[ Not attempted
|:l Not attempted
D Not attempted
E Not attempted
|:] Not attempted
]: Not attempted
E Not attempted

|:] Not attempted
[j Not attempted
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Figure 3. Two and one-half years after repair, the medial me-
niscus is healed without signs of chondral injury.

quadriceps strengthening began 1 to 2 weeks postop-
eratively, and lateral activities were initiated at 2
months. Open-chain quadriceps strengthening from 40
degrees of flexion to terminal extension was started at
3 months, followed by straight ahead jogging at 4
months, agility drills at 4 to 5 months, and a full return
to sports at 6 months or sooner if symmetric quadri-
ceps strength was attained. Functional ACL braces
were not prescribed.

RESULTS

At an average follow-up of 2.3 years (range, 18-39
months), 32 patients (84.2%) were surveyed with a
total of 32 menisci repaired. Twenty-four of these
patients returned to the clinic for a subjective and
objective evaluation, whereas 8 patients had a subjec-
tive evaluation only. The clinical success rate for
meniscal repair with the Meniscus Arrow was 90.6%
(29 of 32 menisci). One patient’s clinical success was
confirmed by repeat arthroscopy without any evidence
of an arrow remnant (Fig 3). Three patients went on to
arthroscopic partial meniscectomy of the unhealed
meniscus. The arrows were embedded within the me-
niscal tissue and removed with the torn meniscus.
There was no evidence of arrow-induced articular
cartilage surface damage in any of these patients. The
clinical examination and patient report showed that
the reconstructed knees were stable with an intact
ACL graft. Sagittal knee laxity testing determined by
KT-2000 arthrometry confirmed that the side-to-side
difference at 30 1b of force was less than or equal to 3

mm in all knees (average, 0.73 mm; range, —2.0 to 3.0
mm).

The IKDC evaluation form grades patients’ knees
from A to D, with A designated as normal, B as nearly
normal, C as abnormal, and D as severely abnormal.
The overall grade of the knee was determined by the
lowest subgroup grade. The subgroups of the IKDC
were the (1) patients’ subjective assessment; (2)
symptoms including pain, swelling, and giving way;
(3) range of motion compared with the nonoperated
side; and (4) ligament evaluation including varus,
valgus, anterior, and posterior stability. For the 8
patients evaluated only by telephone, only the first 3
criteria were used. Of the successful repairs, 11 knees
were graded overall as normal and 18 as nearly nor-
mal. Joint-line tenderness was found in 4 patients with
1 patient complaining of medial joint-line tenderness
and 3 patients complaining of patellofemoral pain.
The patient with the medial joint-line tenderness un-
derwent repeat arthroscopy as described previously,
and a healed meniscal repair was observed without
evidence of residual arrow material or chondral dam-
age (Fig 3). Graft-site morbidity was felt to account
for the patellofemoral pain. For the unhealed menisci,
1 knee was deemed to be abnormal, and 2 knees were
severely abnormal. History and physical examination
in these patients with the nonhealing menisci con-
firmed the presence of a recurrent effusion, mechani-
cal symptoms, and joint-line tenderness in all 3 of
these patients. A positive McMurray sign with pain
was seen in 2 of the failed repairs.

For the patients with a clinically healed meniscus,
the subjective VAS showed the ability of these pa-
tients to return to a high level of activity without
symptoms suggestive of a meniscal tear. These pa-
tients could participate in sports that included rigorous
activities such as jumping, cutting, running, and piv-
oting with a mean score of 1.19 (range, 0-7). The
range for this segment of the VAS was from 0 to 10,
with the lower end of the scale indicating patients
without any problem participating in sports, whereas
the upper end of the scale included patients that were
unable to take part in sports. The mean scores for
decelerating, cutting on the affected extremity, and
jumping were 1.12 (range, 0-7), 1.23 (range, 0-7), and
1.31 (range, 0-8), respectively, with higher scores
denoting difficulty performing the aforementioned ac-
tivity. The majority of the complaints registered by the
patients according to the VAS involved difficulty
kneeling (mean, 2.43; range, 0-9) and patellofemoral
pain while squatting (mean, 2.02; range, 0-8), which
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are more suggestive of graft-site morbidity than me-
niscal problems.

The 3 failed repairs all occurred in the red-white
zone of the meniscus. This zone has the lowest healing
rate of tears amenable to repair as reported by Scott et
al.? Two of the patients were men, and 1 was a
woman. All tears were 1.5 to 2 cm in length, and all 3
involved the medial meniscus. Lateral meniscus tears
are known to have a slightly higher healing rate com-
pared with medial meniscus tears.!> Two of the me-
nisci were repaired with 2 13-mm arrows, and the
third tear was repaired with 3 13-mm arrows. One tear
was repaired acutely, whereas the other 2 were re-
paired in the chronic time period. All 3 of these
patients underwent partial medial meniscectomy of
the nonhealing medial meniscus with resolution of
symptoms. Of note, their ACL grafts were found to be
intact and stable.

DISCUSSION

The overall healing rate for meniscal repair in knees
undergoing concurrent ACL reconstruction is 83% to
93% given the repair techniques currently available
(inside-out and outside-in techniques). However, re-
sults as low as a 74% healing rate have been shown.®
The all-inside repair technique is appealing because of
its relative ease compared with other arthroscopic
meniscal repair procedures. Additionally, the number
of assistants required for the repair, the time required
to reconstruct the meniscus, and the risk to the poste-
rior neurovascular structures should all be reduced
with the all-inside technique.!* In our series, with an
average of 2.3 years of follow-up, we had a clinical
success rate of 90.6% for meniscal healing. This heal-
ing rate is comparable to those previously reported
with the inside-out technique when the ACL is simul-
taneously reconstructed.

Although initially thought of as a vestigial remnant
until the middle of the 20th century, the crucial role
that the meniscus plays in load transmission, shock
absorption, joint stability, and improving nutrition
to the articular surface continues to be eluci-
dated.?3:13.15-17 Greater than 10-year follow-up of re-
paired menisci by Johnson et al.!> showed that knees
with menisci successfully repaired did not have a
statistically significant increased risk of radiographic
changes indicative of osteoarthritis. The role that the
meniscus plays in the biomechanical stability of the
knee is also well documented. The medial meniscus is
a secondary stabilizer of the knee joint.!® A significant
increase in the anteroposterior translation of the ACL-

deficient knee was observed after total medial menis-
cectomy. Total meniscectomy was also found to cause
a 2- to 3-fold increase in contact stress across the
knee,'® and removal of as little as 16% of the meniscus
increased the articular contact forces by 350%.2° Fur-
thermore, the need to be more aggressive in repairing
medial menisci has been shown by Fitzgibbons and
Shelbourne!® and also by Talley and Grana.?! Both
cite the decreased ability of the medial meniscus to
heal spontaneously or remain asymptomatic and the
higher propensity for a medial meniscus tear to prop-
agate. Meniscal tear morphology, which occurs with
ACL tears, is usually amenable to repair because there
appear to be fewer complex and degenerative tears
with an acute ACL lesion.??

Biomechanical studies with fresh bovine menisci
comparing horizontal suture versus a different bioab-
sorbable arrow showed no statistically significant dif-
ference in failure load between the 2 groups.?3 All
failures occurred at the repair site. Rimmer et al.,>*
however, have shown superior pullout strength of
vertical suture compared with horizontal suture,>* and
vertical sutures are currently considered the strongest
repair construct.*?> Independent testing by Barber and
Herbert?> has shown that most all-inside repair de-
vices, including the arrow, have load-to-failure
strengths that are below the value for both horizontal
and vertical sutures. However, it is not known how
much strength is required to achieve meniscal healing.
The answer to that question probably differs for iso-
lated meniscal repairs with inferior healing rates com-
pared with repair in conjunction with ACL reconstruc-
tion, as in this study. Furthermore, a cyclic load, and
not a single load as used in these previous studies,
may cause different failure mechanics for a meniscus
in a clinical setting with different results.

The ability to assess meniscal healing at follow-up
is a difficult task. Precise information of the status of
the meniscus can be obtained from second-look ar-
throscopy,?%-27 which may or may not always correlate
with clinical success. However, few patients who are
asymptomatic will want a second operation. In this
study, we used the examination specific for the me-
niscus to evaluate for the success of a meniscal repair.
Serial testing with the IKDC and the VAS provided
additional confirmation to help determine the true
status of the repaired meniscus. The VAS was instru-
mental in emphasizing the quality of life that these
patients maintained after their meniscal repair. Not
only were they able to have an asymptomatic knee,
but they also were able to compete at a high level of
activity with most patients returning to their respective
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sports. Despite these clinical determinations of an
asymptomatic meniscal repair, it is possible that some
of the repairs had not healed or were partially healed
and could be symptomatic in the future.

Emphasis should also be placed on the rehabilita-
tion protocol. Although isolated meniscal repair often
involves a 4-week period of non—weight bearing ac-
tivity, the postoperative rehabilitation in these patients
undergoing concurrent ACL reconstruction with me-
niscal repair is unchanged from our routine ACL
protocol. The associated hemarthrosis with ACL re-
construction provides a milieu filled with chemotactic
and growth factors essential for meniscal healing.
Accelerated ACL rehabilitation has been used by oth-
ers in patients undergoing concurrent ACL and me-
niscal reconstruction.?®

Reports of complications with the Meniscus Arrow
include case reports of breakage with loss of fixation
occurring anywhere from 2 to 6 months postopera-
tively and even a dislodged arrow appearing as a
subcutaneous foreign body.?°-3! The manufacturer re-
ports that the Bionx self-reinforced polylactic acid
arrow typically maintains structural integrity for ap-
proximately 6 months and fully resorbs by 3 years.
Additionally, transient posterior knee pain has been
associated with this implant. This was attributed to
local irritation by the arrow and usually resolved by
the sixth postoperative month, correlating with partial
resorption of the arrow.3? Chondral injury after me-
niscal repair with bioabsorbable arrows has been re-
ported, possibly because of improper positioning of
the Meniscus Arrow.33-34 The surface of the meniscus
should be dimpled by the head of the arrow below the
surface of the surrounding meniscus to avoid any
impingement on the femoral condyle. At the initiation
of this study, the gun instruments were not available to
be used on our patient population. In general, we
prefer the hand instruments to the gun inserter because
the hand instruments allow better reduction of the
meniscal tear using the stylet through the straight
cannula. Furthermore, the hand instruments allow ad-
ditional impaction of the arrow to dimple the surface
of the meniscus to avoid leaving the head of the arrow
proud. The arrow must not be placed obliquely into
the meniscus because the tip of the arrow could im-
pinge on the tibial surface creating a rigid post with
secondary mechanical abrasion to the femoral surface.
Similarly, the arrow should be rotated horizontally
and parallel to the meniscus to avoid catching the
femoral condyle with the corner of the head. Proper
surgical technique is crucial in repairing a meniscus
with any system.

For patients who are found to have a meniscal tear
amenable to repair while undergoing concurrent ACL
reconstruction, the Meniscus Arrow provides an ex-
cellent, minimally invasive tool in meniscal repair.
Healing rates are comparable to those previously re-
ported in the literature with the inside-out technique.
These similarities in healing rates do not apply to
ACL-unstable or ACL-stable knees not undergoing
concurrent ACL reconstruction. With the lower heal-
ing rates found in these scenarios, the added strength
of a suture construct possibly with permanent material
would remain the standard against which any new
techniques must be measured.

REFERENCES

1. DeHaven KE. Peripheral meniscal repair: An alternative to
meniscectomy. J Bone Joint Surg Br 1981;63:463 (abstr).

2. Barrett GR, Treacy SH, Ruff CG. Preliminary results of the
T-Fix endoscopic meniscus repair technique in an anterior
cruciate ligament reconstruction population. Arthroscopy
1997;13:218-223.

3. DeHaven KE. Meniscus Repair. Am J Sports Med 1999;27:
242-250.

4. Warren RF. Meniscectomy and repair in the anterior cruciate
ligament-deficient patient. Clin Orthop 1990;252:55-63.

5. Cannon WD, Vittori JM. The incidence of healing in arthro-
scopic meniscal repairs in anterior cruciate ligament-recon-
structed knees versus stable knees. Am J Sports Med 1992;20:
176-181.

6. Asahina S, Muneta T, Yamamoto H. Arthroscopic meniscal
repair in conjunction with anterior cruciate ligament recon-
struction: factors affecting the healing rate. Arthroscopy 1996;
12:541-545.

7. Roos EM, Roos HP, Ryd L, et al. Substantial disability three
months after arthroscopic partial meniscectomy: A prospective
study of patient-relevant outcomes. Arthroscopy 2000;16:619-
625.

8. DeHaven KE. Decision-making factors in the treatment of
meniscus lesions. Clin Orthop 1990;252:49-54.

9. Scott GA, Jolly BL, Henning CE. Combined posterior incision
and arthroscopic intra-articular repair of the meniscus: an
examination of factors affecting healing. J Bone Joint Surg Am
1986;68:847-861.

10. Cooper DE, Arnoczky SP, Warren RF. Meniscal repair. Clin
Sports Med 1991;10:529-548.

11. Hefti F, Miiller W, Jakob RP, et al. Evaluation of knee liga-
ment injuries with the IKDC form. Knee Surg Sports Trau-
mato, Arthrosc 1993;1:226-234.

12. Flandry F, Hunt JP, Terry GC, et al. Analysis of subjective
knee complaints using visual analog scales. Am J Sports Med
1991;19:112-118.

13. Fitzgibbons RE, Shelbourne KD. Aggressive nontreatment of
lateral meniscal tears seen during anterior cruciate ligament
reconstruction. Am J Sports Med 1995;23:156-159.

14. Aprague NF III. Complications in arthroscopy. New York:
Raven Press, 1989;158.

15. Johnson MJ, Lucas GL, Dusek JK, et al. Isolated arthroscopic
meniscal repair: A long-term outcome study (more than 10
years). Am J Sports Med 1999;27:44-49.

16. Fukubayaski T, Kurosawa H. The contact area and pressure
distribution pattern of the knee. Acta Orthop Scand 1980;51:
871-887.



17.

18.

19.

20.

21.

22.

23.

24.

25.

OUTCOMES OF MENISCAL REPAIR WITH ARROWS

Renstrom P, Johnson RJ. Anatomy and biomechanics of the
menisci. Clin Sports Med 1990;9:523-538.

Levy IM, Torzilla PA, Warren RF. The effect of medial
meniscectomy on motion of the knee. J Bone Joint Surg Am
1989;71:401-406.

Krause WR, Pope MH, Johnson RJ, et al. Mechanical changes
in the knee after meniscectomy. J Bone Joint Surg Am 1976;
58:599-604.

Henning CE, Lynch MA, Yearout KM, et al. Arthroscopic
meniscal repair using an exogenous fibrin clot. Clin Orthop
1990;252:64-72.

Talley MC, Grana WA. Treatment of partial meniscal tears
identified during anterior cruciate ligament reconstruction with
limited synovial abrasion. Arthroscopy 2000;16:6-10.
McGinty JB, Geuss LF, Marvin RA, et al. Partial or total
meniscectomy. J Bone Joint Surg Am 1977;59:763-766.
Albrecht-Olsen P, Lind T, Kristensen G. Failure strength of a
new Meniscus Arrow repair technique: biomechanical com-
parison with horizontal suture. Arthroscopy 1997;13:183-187.
Rimmer GM, Nawana NS, Keene GCR, et al. Failure strengths
of different meniscal suturing techniques. Arthroscopy 1995;
11:146-150.

Barber FA, Herbert MA. Meniscal repair devices. Arthroscopy
2000;16:613-618.

26.

217.

28.

29.

30.

31.

32.

33.

34.

577

Horibe S, Shino K, Maeda A, et al. Results of isolated menis-
cal repair evaluated by second-look arthroscopy. Arthroscopy
1996;12:150-155.

Morgan CD, Wojtys EM, Casscells CD, et al. Arthroscopic
meniscal repair evaluated by second-look arthroscopy. Am J
Sports Med 1991;19:692-698.

Barber FA, Click SD. Meniscus repair rehabilitation with
concurrent anterior cruciate reconstruction. Arthroscopy 1997,
13:433-437.

Hutchinson MR, Ash SA. Failure of a biodegradable Meniscus
Arrow. A case report. Am J Sports Med 1999;27: 101-103.
Calder SJ, Myers PT. Broken arrow: a complication of menis-
cal repair. Arthroscopy 1999;15:651-652.

Oliverson TJ, Lintner DM. Biofix arrow appearing as a sub-
cutaneous foreign body. Arthroscopy 2000;16:652-655.
Whitman TL, Diduch DR. Transient posterior knee pain with
the Meniscus Arrow. Arthroscopy 1998;14:762-763.

Ross G, Grabill J, McDevitt E. Chondral injury after meniscal
repair with bioabsorbable arrows. Arthroscopy 2000;16:754-
756.

Anderson K, Marx RG, Hannafin, et al. Chondral injury fol-
lowing meniscal repair with a biodegradable implant. Arthro-
scopy 2000;16:749-753.



