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Abstract Introduction: This retrospective study presents
clinical patient outcomes following meniscal repair using
T-Fix devices and a modifiable, progressive rehabilitation
program. Materials and methods: Fifty-two patients (35 males
and 17 females) with a mean age of 26.7 years (range
13–50 years) representing all of the patients who under-
went arthroscopic meniscal repair (43 medial meniscus,
12 lateral meniscus) over a 3-year period by the same sur-
geon (D.C.) (55 menisci) participated in this study. Thirty-
two of the patients (62%) had an associated ACL tear. All
patients with an ACL tear underwent reconstruction (tib-
ialis anterior allograft) at the time of meniscal repair. All
meniscal tears were located in either the red-red zone (29)
or the red-white zone (26). All patients who underwent
meniscal repair participated in a modifiable (based on
meniscal tear size, type, and location) progressive rehabil-
itation program. Operative notes and photographs were
reviewed to identify the meniscal tear location, tear type,
tear length, and the number of T-Fix devices used. Ortho-
pedic clinic and physical therapy reports were also re-
viewed for postoperative range of motion, knee joint effu-
sion, knee joint pain, McMurray test findings, and single-
leg broad-jump test performance (90% bilateral equiva-
lence goal). The average postoperative clinical follow-up
period was 10.3 months (range 4–24 months). Results:
Most (22/23, 96%) patients who underwent meniscal re-
pair alone displayed excellent results. All patients (32/32,
100%) who underwent combined ACL reconstruction-
meniscal repair displayed excellent results. During an
acute event such as a sudden directional change while
running or contact with another player, 5 of these patients
re-injured their meniscus at the repair site in conjunction
with tearing the reconstructed ACL at 12±3 months fol-

lowing the index surgical procedure. Each of these 1–2 cm
meniscal tears had been previously repaired with two 
T-Fix devices. Conclusion: The T-Fix device used in com-
bination with a modifiable progressive rehabilitation pro-
gram produced excellent clinical patient outcomes among
this patient group.
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Introduction

Nonimpaired meniscus function is essential to distribute
knee joint reaction forces during weight-bearing, absorb
impact shock, serve as a secondary source of noncontrac-
tile joint stabilization, provide nutrition to articular carti-
lage, and facilitate joint gliding and lubrication [11, 37,
43]. In a MRI study of 21 symptom-free adolescent soccer
players, Wacker et al. [42] reported increased signals in
the central medial meniscus among 38% of soccer players
compared with 17% of control subjects. Additionally, the
medial femoral condyle hyaline cartilage was on average
24.8% thicker for the young soccer players compared
with control subjects. These findings support the sensitive
balance between meniscal tissue functionality and femoral
hyaline cartilage integrity.

Meniscal resection can contribute to the development
of osteoarthritic changes at the knee joint [22]. To con-
serve this valuable tissue, meniscal repair rather than re-
section has become the preferred surgical management
method whenever possible. Henning popularized arthro-
scopic meniscal repair [23]. Arthroscopic intervention for
meniscal injury may include ‘inside-out’ [34, 35, 38, 39],
‘outside-in’ [28, 29, 44], and ‘all-inside’ [28] repair tech-
niques. The posterior incision used during ‘inside-out’
meniscal repair techniques may contribute to neurovascu-
lar complications [9, 16]. Ultimately, meniscal repair suc-
cess or failure can be influenced by various factors in-
cluding knee joint capsuloligamentous status, location and
type of meniscal tear, method of fixation, surgical timing,
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type of suture used, repair technique, and postoperative
rehabilitation progression [5, 7, 15, 17, 21, 25, 40]. Presently,
there is a lack of consensus regarding recommended post-
operative rehabilitation progression and timetables fol-
lowing meniscal repair.

We observed a high percentage of knee joint capsule
injury among our patients who had sustained anteroposte-
rior longitudinal meniscal tears. Conceptually, anteropos-
terior longitudinal meniscal tears should be effectively re-
paired using a device such as the T-Fix (Smith Nephew
Endoscopy, Andover, MA, USA) [2, 18, 19]. Barrett et al.
reported that ‘all-inside’ meniscal repair using the T-Fix
device enabled relatively easy device placement, did not
require a posterior incision, and reduced complications as-
sociated with surgically induced neurovascular injury [9].
The purpose of this retrospective study is to discuss our
clinical patient outcomes following meniscal repair using
the T-Fix device in combination with a modifiable, pro-
gressive rehabilitation program based on meniscal injury
size, type, and location.

Patients and methods

All of the patients who underwent arthroscopic meniscal repair
over a 3-year period by the same surgeon (D.C.) using the T-Fix
device were retrospectively evaluated via a comprehensive clinical
examination. Fifty-two patients (55 menisci) who underwent T-Fix
meniscal repair were identified. There were 35 males and 17 fe-
males with an average age of 26.7 years (range 13–50 years) in the
study group. The average postoperative clinical follow-up period
was 10.3 months (range 4–24 months). The operative notes and
photographs taken during the index surgical procedure were re-
viewed to identify the meniscal tear location, tear type, tear length,
and the number of T-Fix devices used. Orthopedic clinic and phys-
ical therapy reports were also reviewed for postoperative range of
motion, knee joint effusion, knee joint pain, McMurray test find-
ings, and single-leg broad-jump capability. A successful patient
outcome was classified as an absence of knee pain and effusion,
full active knee joint range of motion, a negative McMurray test,
and 90% bilateral equivalence on a single-leg broad-jump. Addi-
tionally, all patients participated in a progressive rehabilitation
program based on meniscal lesion size and type. If the anteropos-
terior longitudinal meniscal tear was <3 cm in length, knee flexion

was restricted to 0–90° for 3 weeks and restricted to 0–125° flex-
ion between postoperative weeks 3 and 6. If the meniscal tear was
>3 cm in length. the knee was immobilized at 0° flexion with a
locked long-leg hinged knee brace during full weight-bearing. Pas-
sive motion from 0 to 90° knee flexion in a continuous passive mo-
tion (CPM) device was encouraged over the initial 3 postoperative
weeks. Between postoperative weeks 3 and 6, active knee flexion
between 0 and 90° was allowed, and 0–125° passive knee flexion
was allowed in the CPM device. Between 6 and 8 weeks following
surgery, 0–125° active knee range-of-motion restrictions were ter-
minated. All patients with anteroposterior longitudinal meniscal
tears were allowed to return to sports that required regular cutting
and jumping tasks by the 12th postoperative week. Patients who
underwent repair of a complex or radial meniscal tear followed
similar rehabilitation progressions, but with slightly greater delays
in range of motion and weight-bearing progression (Table 1). As
weight-bearing increased, all subjects participated in a progressive
rehabilitation exercise regimen that emphasized weight-bearing,
multiplanar, lower extremity function integrated with lumbopelvic
control [31, 41]. By 6 weeks following surgery, all patients were
allowed full weight-bearing as tolerated in the surgically treated
lower extremity during gait.

Results

Of the 55 meniscal tears identified, 43 were medial menis-
cal tears, and 12 were lateral meniscal tears. All tears
were classified as anteroposterior longitudinal meniscal
tears, primarily at the posterior meniscal horn. All menis-
cal tears were located in either the red-red zone (29/55) or
the red-white zone (26/55). Four of the tears were classi-
fied as bucket-handle tears. The majority of patients
(32/55, 62%) had an associated ACL lesion that occurred
concurrently with the meniscal injury. All patients who
sustained an ACL lesion underwent reconstruction (tib-
ialis anterior allograft) at the time of meniscal repair. The
majority of meniscal tears were 1–2 cm in length (44/55,
80%) and were repaired using two T-Fix devices. Menis-
cal tears of 2–3 cm in length (9/55, 16.4%) were repaired
using four T-Fix devices. Meniscal tears of 3–4 cm in
length (2/55, 3.6%) were repaired using six T-Fix devices.
All T-Fix devices were secured in pairs using a horizontal
mattress suture configuration, and there were no intraop-
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First 3 weeks Non-weight-bearing,
0–90° active range of
motion with brace

Partial weight-bearing with
crutches, 0–90° with CPM
with brace

Full weight-bearing,
0–90° with CPM

Full weight-bearing,
0–90° active range
of motion

3–6 weeks Partial weight-bearing
with crutches, 0–90° active
range of motion with brace,
0–125° with CPM

Full weight-bearing,
0–90° active range of
motion, 0–125° with CPM

Full weight-bearing,
0–90° active range of
motion, 0–125° with CPM

Full weight-bearing,
0–125° active range
of motion

6–8 weeks Full weight-bearing,
0–125° active range of
motion without brace

Full weight-bearing,
0–125° active range of
motion without brace

Full weight-bearing,
0–125° active range of
motion without brace

Full weight-bearing,
unrestricted active
range of motion

Return to
athletics

4–5 months 4 months 3 months 3 months

Table 1 Modifiable, progressive rehabilitation program based on meniscal tear type and size (CPM continuous passive motion device)

Radial tear Complex tear >3 cm ≤ 3 cm



erative complications associated with T-Fix device inser-
tion.

The majority (22/23, 96%) of patients who underwent
meniscal repair alone displayed excellent results. A 50-year-
old man, who underwent repair of a red-red zone posterior
horn longitudinal tear of the medial meniscus using two
T-Fix devices experienced continued knee pain and effusion
at 6 months following the initial surgery. This patient had
initiated aggressive active knee flexion range of motion ear-
lier than recommended by our rehabilitation program. At
20 months following the index surgical procedure, a 22-year-
old man experienced re-injury of a red-red zone, bucket-
handle lateral meniscus tear from a sudden pivoting mecha-
nism. The meniscal tear had been previously repaired using
six T-Fix devices. Both of these patients were treated with
arthroscopic meniscal resection at the site of the unhealed
meniscus that was previously repaired.

All of the patients (32/32, 100%) who underwent com-
bined ACL reconstruction-meniscal repair displayed ex-
cellent results. During a later acute event such as a sudden
directional change while running or contact with another
player, 5 of these patients re-injured their meniscus at the
repair site in conjunction with tearing the reconstructed
ACL at 12±3 months following the index surgical proce-
dure. Each of these 1–2 cm meniscal tears had been re-
paired with two T-Fix devices. Patients who experienced a
re-injury underwent revision ACL reconstruction and ar-
throscopic meniscal debridement.

Discussion

Proponents of both open and arthroscopic meniscal repair
techniques have cited advantages related to technical ease,
avoidance of complications, and overall efficacy com-
pared with the alternative technique. Arthroscopic ‘inside-
out’ techniques provide strong fixation, but their use is as-
sociated with a higher frequency of complications such as
nerve injury [lateral peroneal (1%), medial-saphenous (7%);
sterile effusion (2%), superficial infection (1%), and deep
infection (1%)] [4]. Increased incidence of deep vein
thrombosis, popliteal artery laceration, arthrofibrosis, and
reflex sympathetic dystrophy has also been reported [24].
To avoid the complications associated with ‘inside-out’
meniscal repair techniques, the ‘outside-in’ and ‘all-in-
side’ techniques have been developed. Biomechanical stud-
ies have reported that the fixation strength using T-Fix de-
vices is superior to that provided by almost all other meth-
ods of ‘all-inside’ meniscal repair [3, 10], and T-Fix im-
plantation is markedly easier to perform than any ‘inside-
out’ technique [9, 18]. Using a dog model, Arnoczky et al.
[1] reported that meniscal healing is almost completed by
10 weeks following repair. Asik et al. [2] reported that
complete meniscal healing takes approximately 12 weeks
to occur. Based on these reports, patients who had been
operated on less than 16 weeks previously were excluded
from this study.

Although several reports have cited meniscal repair
success rates approaching 90% using the T-Fix device [2,

8, 9], complications including synovitis and chondral le-
sions have been reported [9, 10]. Our experience suggests
that appropriate T-Fix device use provides greater menis-
cal fixation and fewer complications than conventional
‘all-inside’ techniques. Second-look arthroscopic exami-
nation of our 2 patients who sustained either meniscal 
repair failure at 6 months after surgery or re-injury at 
20 months following surgery revealed injury solely at the
site of the previous meniscal lesion without evidence of
synovitis or chondral lesions. Second-look arthroscopic
examination of the 5 patients who sustained re-injury fol-
lowing meniscal repair in conjunction with ACL recon-
struction likewise displayed meniscal re-injury solely at
the site of previous repair, without evidence of degenera-
tive meniscal changes, synovitis, or chondral lesions.

The chemotactic factor and growth hormone prolifera-
tion associated with the knee joint hemarthrosis that oc-
curs from both the initial ACL injury and the ensuing re-
construction along with accumulated bony debris from
tunnel creation and notchplasty are believed to facilitate
meniscal healing [6]. Some surgeons believe that the
meniscal healing rate is increased when repair is per-
formed in conjunction with ACL reconstruction [6, 19,
28, 40]. Our results agree that these factors should en-
hance meniscal healing. However, our patients who sus-
tained meniscal re-injury in combination with ACL graft
injury displayed meniscal re-injury at the exact site of pre-
vious repair. This suggests that combined meniscal heal-
ing and T-Fix fixation were insufficient to protect the
meniscus in the presence of ACL graft failure.

Several reports suggest the efficacy of immobilizing
the knee in full extension early during rehabilitation [12,
29, 30]. However, others have recommended knee joint
immobilization at variable flexion angles [19, 20, 34, 35,
38]. Several reports have suggested the need to restrict ei-
ther early active or passive range of motion following
meniscal repair [13, 14, 25, 40]. While several reports
have recommended non-weight-bearing early during gait
following meniscal repair [14, 34, 35, 38], early partial
weight-bearing [13, 19, 20, 25, 40] and immediate full
weight-bearing [28, 29] have also been proposed. Several
reports have also suggested returning to cutting-type ath-
letic maneuvers by 4 months post-meniscal repair [26, 28,
29].

Asik et al. [2] reported excellent (32/47, 68%), good
(10/47, 21%), fair (2/47, 4%), and poor (3/47, 6%) clini-
cal results using the T-Fix device and an aggressive reha-
bilitation program using immediate partial weight-bearing
with the knee immobilized in full extension by a locking
hinge knee brace over the initial 2 postoperative weeks.
At 2 weeks following surgery 0–90° of active knee flexion
was allowed, and after 6 weeks full active knee flexion
was allowed. Full weight-bearing during gait was allowed
8 weeks following surgery [2]. On second-look arthros-
copy at 6 months following the index surgical procedure,
Asik et al. reported that all 6 patients who underwent
meniscal repair in conjunction with ACL reconstruction
displayed complete meniscal healing [2]. Barber [5] re-
ported similar meniscal repair success rates among pa-
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tients who participated in an accelerated rehabilitation
program (full weight-bearing as tolerated during ambula-
tion, unrestricted active knee flexion, and return to sports
with a de-rotational brace at 3–4 months post-surgery) com-
pared to patients who participated in a conventional reha-
bilitation progression (knee immobilization in brace locked
at slight flexion for 6 weeks, non-weight-bearing for 12 weeks,
and return to full sports participation at 6 months) post-
meniscal repair. Mariani et al. [27] reported 77.3% (17/22
patients) good clinical results among patients who under-
went meniscal repair and postoperative rehabilitation that
included 0–90° passive knee flexion and full weight-bear-
ing for 2 weeks. Over the initial 4 postoperative weeks, the
surgical knee was immobilized at 0° flexion in a locked
knee brace during ambulation. Brace use was discontin-
ued when the patient achieved good quadriceps femoris
muscle function and pain-free ambulation [27]. Progres-
sive resistance exercises were initiated at 4 weeks post-
meniscal repair. Noyes et al. [32] reported that accelerated
rehabilitation among patients who underwent meniscal re-
pair combined with ACL reconstruction might prevent
knee joint arthrofibrosis. They suggested that immediate
knee joint motion helped decrease the risk of knee joint
contracture, stiffness, articular cartilage deterioration, and
disuse-induced knee joint arthrosis. They also reported no
statistically significant differences in hemarthrosis and
soft-tissue swelling between immediate (accelerated reha-
bilitation program) and restricted (traditional rehabilita-
tion program) knee joint motion. Tenuta and Arciero [40]
reported similar satisfactory clinical results (85% success
rates) using two different rehabilitation programs (conser-
vative vs aggressive). The conservative rehabilitation pro-
gression included toe-touch weight-bearing, restricted
knee range of motion (20–60°) over the initial 6 postoper-
ative weeks followed by a 10–90° knee flexion allowance
and partial weight-bearing using a single crutch between
postoperative weeks 6 and 8, and full weight-bearing and
unrestricted knee range of motion beginning during the
8th postoperative week. The aggressive rehabilitation pro-
gram included early full range of motion and full weight-
bearing. Although second-look arthroscopy revealed su-
perior healing results among the patients who participated
in the conservative rehabilitation program, the authors did
not report which program patients with larger 3–4 cm
tears who sustained repair failures had followed. Perhaps
if these patients had modified their rehabilitation weight-
bearing and range-of-motion progression, they would not
have experienced repair failures.

Noyes and Barber-Westin [33] reported their results us-
ing a postoperative meniscal repair rehabilitation program
that allowed early active knee flexion and full weight-
bearing and return to cutting sports 6 months following
surgery. Active knee flexion was restricted to 90° over
the initial 3 weeks following surgery, restricted to 120° at 
3–4 weeks post-surgery, with 135° allowed at 5–6 weeks
post-surgery. Only partial weight-bearing was allowed
over the initial 4 postoperative weeks. Following repair of
horizontal, radial, or complex multiplanar meniscal tears,
Noyes and Barber-Westin [33] recommended partial weight-

bearing for 6 weeks. They reported good results (87%) for
avascular zone meniscal tear repairs among patients who
were 40 years of age or older. In our literature search, only
Noyes and Barber-Westin [33] suggested the need to mod-
ify the use of accelerated rehabilitation programs depend-
ing upon the type of meniscal tear and suture technique
used. Shelbourne et al. [36] suggested that all patients
with unstable, peripheral, longitudinal, isolated meniscal
tears could successfully participate in an accelerated post-
operative rehabilitation program. Our rehabilitation pro-
gram attempted to combine the progressiveness reported
by Shelbourne et al. [36] with the case-by-case modifica-
tions based on the meniscal tear type and size as recom-
mended by Noyes and Barber-Westin [33]. Additionally,
we recommend consideration of the suture material that is
used and the surgeon’s experience. Because of the fragile
nature of bioabsorbable suture material, we believe that
progressive rehabilitation following meniscal repair is
more efficacious when non-bioabsorbable suture material
is used.

All of the patients in this series participated in a pro-
gressive rehabilitation program that focused on early full
weight-bearing, progressive active and passive knee range
of motion, and eventual return to full sports participation.
Based upon our clinical examination results, we agree
with Barber and Click [6] that early physiological loading
in conjunction with secure repair site fixation promotes
meniscal healing while likely improving the functionality
of the repaired tissue. However, depending upon the length
and type of meniscal tear, the suture material used, the ex-
perience of the surgeon, and the type of fixation device
used, we recommend rehabilitation program modification
to provide additional repair site protection for larger an-
teroposterior longitudinal, radial, and complex meniscal
tears (Table 1).

For anteroposterior longitudinal meniscal tears, weight-
bearing actually helps stabilize the anteroposterior longi-
tudinal meniscal tear repair site, but early aggressive ac-
tive knee flexion with the larger tears (>3 cm) may tend to
compromise the repair site, particularly if the tear is lo-
cated in the posterior meniscal horn region. For our pa-
tients who present with a radial meniscal tear, we recommend
non-weight-bearing for 6 weeks, partial weight-bearing
with single crutch use, and full unrestricted knee range of
motion at 8 weeks post-surgery, and return to full sports
activity at 4–5 months. With these patients, immediate full
weight-bearing may tend to displace the tear edges,
thereby compromising the repair. Following surgical re-
pair of complex meniscal tears, concern arises over the in-
tegrity of the suture fixation. Therefore, the time period
for partial weight-bearing and restricted active range of
motion are prolonged to protect the repair site during the
early stages of the progressive rehabilitation program.

Although combined ACL reconstruction and meniscal
repair surgery may enhance the meniscal healing process
[6, 30], we have found that even at 12±3 months follow-
ing the index combined surgical procedures, acute failure
of the ACL graft will likely be associated with re-injury to
the meniscus at the site of previous repair. We found this
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to be true even among smaller (1–2 cm), red-red zone
tears that had been repaired using two T-Fix devices.
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