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Arthroscopic meniscal repair using T-fix

Abstract We evaluated the arthroscopic meniscal repair using T-fix
and present our preliminary results.
The series included 47 consecutive
patients who underwent meniscal repair using T-fix. Mean follow-up was
26 months (range 12–42 months).
The overall number of T-fixes used
in the repairs was 163, with a mean
of three (range two to five) per patient. Patients were evaluated according to the modified Marshall scoring
system. Results were rated as excellent in 32, good in 10, fair in 2, and
poor in 3 patients. Second-look
arthroscopy was performed in 18 patients as the part of our protocol. In

Introduction
The first meniscal repair was performed as long ago as
1883, but King laid the scientific foundations of meniscal
anatomy, physiology, and treatment of meniscal diseases
only in 1936. Fairbank demonstrated deleterious signs of
arthrosis in knees with total meniscectomy in 1948, and
especially the studies by Arnoczky and Bullough [2] later
presented the scientific principles of meniscal vascularization and proved the possibility of complete recovery of
meniscus after meniscal repair. Cox and Cordell [13] performed experiments on dogs and emphasized the importance of degenerative impact of ruptured menisci on cartilage. The biomechanical studies carried out by Seedhom
and Wright [27] and Maquet et al. [21] demonstrated that
the removal of 15–34% of meniscus increases the load on
the cartilage about 350% and revealed that weight bearing
capacity of the joint increases many fold even after partial
meniscectomy. Menisci are now accepted as performing

15 patients meniscal tears were considered to be healed, according to
Henning’s criteria. Six of those who
underwent anterior cruciate ligament
reconstruction healed completely.
There were no neurovascular complications. Repair of the menisci using
T-fix proved successful and reliable.
In view of satisfactory functional results and the observation of healing
of tears on second-look arthroscopy,
we believe that preservation and repair of menisci should be attempted
in appropriate cases.
Keywords Meniscus · Arthroscopy ·
Repair · T-fix

very important functions, such as weight bearing, distribution of load, absorption of shock, lubrication, assistance
to screw-home mechanism, and a contribution to the anterior stability of knee in cases of anterior cruciate ligament
(ACL) laxity [2, 10, 17, 18, 25]. In light of these findings
authors began to avoid total meniscectomy and in appropriate cases started to perform meniscal repair instead of
partial meniscectomy [4, 12, 17, 18, 19, 25, 31, 32]. Some
10–20% of all meniscal tears and 30% of longitudinal
tears have been found amenable for repair [12, 15, 20,
25]. Since the 1980s, with the aid of arthroscopy, meniscal repair has become common [2, 10, 17, 18].
Various techniques have been practiced. DeHaven [14]
began the use of open surgery for meniscal repair. This led
the way to recently popularized arthroscopic meniscal repair and today increasing number of orthopedic surgeons
are using this approach for meniscal repairs; studies have
shown very promising results [2, 5, 7, 11, 12, 14, 20, 22,
24, 32]. Arthroscopy later facilitated meniscal repair, [5,
7, 11, 14, 15, 20, 22, 24, 25, 32]. Numerous suturing
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methods and fixing material have recently been launched,
particularly in parallel with the advances in arthroscopic
techniques, and studies have been conducted of these [1,
2, 3, 4, 5, 7, 11, 14, 16, 25, 29, 32].
The purpose of our study is to discuss the success rates
of meniscal repairs using a different fixing material, marketed as T-fix.

Material and methods
Patients
Our study group consisted of 47 patients (mean age 27 years, range
16–40; 35 men, 12 women) with meniscal lesions who had undergone meniscal repair using the T-fix system. The study was a multicenter, prospective study (two centers and surgeons, M.A., M.E.).
Meniscal repairs were performed on 29 right and 18 left knees. In
32 cases there were medial and in 15 lateral meniscal lesions.
Eleven patients had ACL ruptures associated with meniscal lesions. Ten of them had undergone meniscal repairs and reconstructions using autogenous patellar tendons at the same operative
session; the remaining patient was a very elderly man leading a
sedentary life, and we therefore did not operate on him.
The average duration between the onset of traumatic rupture of
meniscus and the operation was 3 months (range 1–6). Our criteria
for arthroscopic meniscal repair included vertical longitudinal tears
longer than 1 cm, patient age under 40 years, and lesions localized
on posterior horn and the corpus. The diagnosis of meniscal tear
was established using physical examination, radiography, and magnetic resonance imaging. We examined subjective sensations such
as local pain, swelling, difficulty in climbing stairs, patellar cracking sounds, delay in returning to work or daily exercises and objective signs as local pain and ease of mobility while walking, running, jumping with one leg and squatting, local symptoms of knee
joint, locking, muscular strength, diameter of calf, and range of
movements. The mean length of tears was 26 mm (range 10–40)
and were found to be localized between posterior horn and the corpus. All tears were unstable and were localized in zone 1 (n=34) or
zone 2 (n=13). A total of 163 T-fixes were used (average of three
per patient).
The technique
The meniscal repairs of all the patients were carried out using T-fix
system (Acufex Microsurgical, Mansfield, Mass., USA). T-fix is a
two-armed small plastic (polyacetal) bar to which a 2.0 nonabsorbable polyester suture can be tied to one or both arms. This fixing material is transported inside a spinal needle. All the patients
received general anesthesia. A tourniquet was applied to above the
knee. A surgical device was introduced from the torn side an arthroscope and from the contralateral portal. The rupture was identified
and assessed according to Cooper’s zone classification. The sides
of the rupture and synovia were rasped to improve healing. The
distance between periphery of the meniscus, and the probable access site of T-fix was measured with a scaled probe. Taking the
safety margin of soft tissue into account, 4 mm was added to the
measured distance to find the actual length of T-fix. In accordance
with the length of the tear, a second T-fix was applied 4–5 mm
apart. The sutures of two bars were tied outside and brought on a
suture holder over the meniscus. Sutures were cut 3 mm above ties
with an arthroscopic scissors. In this way a sufficient number of
one-armed T-fixes for both ends of the tear and two-armed T-fix
systems between them were used, and adjacent sutures were tied
together (Fig. 1).

Fig. 1a–d Arthroscopic appearance of a meniscus of our patient
with combined ruptures of anterior cruciate ligament and lateral
meniscus repaired using T-fix. Arthroscopic pictures taken before
and after reduction and during the T-fix procedure

In the postoperative period a cryocuff was applied immediately,
and partial weight bearing using crutches was permitted. For the
first 2 weeks isometric quadriceps and hamstring exercises were
initiated using a brace that held the knee at 0° extension. After
2 weeks movements between 0° and 90° were permitted. After
6 weeks the patient was switched to full range of motion, and after
8 weeks full weight bearing without any support was allowed. If
patients’ muscular strength recovered completely, they were permitted to return to their sports activities at the end of the 4th month. In
cases in which ACL reconstructions combined with meniscal repairs were performed, accelerated ACL rehabilitation protocols consisting of partial weight bearing and restricted flexion exercises of
6–8 weeks duration were used.
The operation lasted an average of 63 min (45–70 min). The
mean follow-up period was 26 months (12–42 months). Postoperative functional results were assessed using a modified 30-point
Marshall [10] scoring system, and results were classified as excellent (26–30 points), good (21–25 points), fair (16–20 points), or
poor (<16 points).

Results
The results of the operation were considered excellent in
32 patients, good in 10, fair in 2, and poor 3. Eighteen pa-
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Fig. 2a, b Second-look appearance of the same meniscus after 2.5 years (posterior
horn and corpus)

tients underwent second-look arthroscopy 6 months after
the first operation as the part of our protocol. Fifteen of
these patients with torn menisci recovered completely,
and it was impossible to discern torn edges on arthroscopy
(Fig. 2). Partial meniscectomy was performed in three patients with sustained complaints of pain and a locking sensation due to an unhealed rupture in zone 2. At the last
follow-up, the patients’ previous complaints had disappeared. On second-look arthroscopy none of the patients
manifested progressive chondropathy compared to the preoperative findings. In patients with sensitive lesions and
repetitive meniscal effusions in whom second-look arthroscopy could not be performed, nonsteroid anti-inflammatory drugs and physical therapy decreased but did not relieve the complaints. We obtained fair results in these two
patients. Three patients who underwent partial meniscectomy due to the persistence of their complaints had poor
results as observed in second look arthroscopy.
We achieved excellent results in ten patients in whom
we performed ACL reconstruction with meniscal repair.
Second-look arthroscopy in six of these patients showed
that the meniscus had healed completely, and previously
applied autografts remained in good condition. The patient who did not undergo reconstruction was not unstable,
and the functional outcome was considered to be good.
None of the patients encountered neurovascular or infectious complications.

Discussion
Nowadays there is a consensus about the indications of
meniscal repair [2, 9, 15, 25]. These indications are widely
accepted for vertical, longitudinal, and unstable tears longer
than 1 cm in zones 1 and 2. However, for complex and radial tears in zone 3 and in older patients (>45 years), these
criteria are still subject to discussion [25]. In our series of
47 cases all the tears ranged in length between 10 and
40 mm and were of vertical or longitudinal type. Thus all
the meniscal tears in our series conformed to indication

criteria of repair. We are of the opinion that the indication
for older patients should be meticulously established because meniscal degeneration that might deteriorate with
aging has an unfavorable impact on healing. The relationship between the duration of symptoms and meniscal
healing is still controversial. While Barber [5] found no
relationship between them, Henning et al. [18] and Cooper
et al. [12] demonstrated that the rate of healing of repaired
meniscus is higher in patients who undergo surgery within
3 months from the first injury.
In our patients the median time between injury and repair was 3 months (range 1–6). Since the functional outcomes were satisfactory (90%), and most of the repaired
menisci (15/18) were found to be healed on second-look
arthroscopy, we believe that meniscal repair performed
within the first 3 months of injury leads to satisfactory results. On the other hand, stability status of the knee makes
a direct impact on outcomes of meniscal repair. To achieve
successful outcomes, the knee must be in a stable position. Otherwise in ACL insufficiency shearing forces affecting the meniscus prevent healing and result in recurrent ruptures.
De Haven [14] reported recurrent tears in 33% of his
meniscal repairs. In Barber’s [5] study the success rate of
meniscal repairs was 81% in stable and 67% in unstable
knees. Jakob et al. [19] found ACL instability in three of
eight patients with recurrent tears after meniscal repair. In
the study carried out by Van der Reis and Cannon [31] in
knees with meniscal repairs combined with ACL reconstruction or meniscal repair per se the rates of anatomical
and clinical healing were 75%/53% and 92%/70%, respectively. Many authors have reported that bleeding and
fibrin coagulum oozing from surgically exposed tunnels
improves the healing of the injured meniscus, and for this
reason they recommend the combination of meniscal repair and ACL reconstruction [2, 14, 15, 18, 25, 29]. We
performed ACL reconstruction in 10 out of 11 patients
with ACL insufficiency. On second-look arthroscopy of
6 patients performed 6 months after reconstruction we detected nearly complete healing of menisci. To ensure the
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stability of knee and to avoid probable occurrence of secondary meniscal tears we suggest that in patients with ACL
tears meniscal repair should be performed in combination
with simultaneous ACL reconstruction.
Meniscal repair can be carried out using either open or
arthroscopic techniques. Nowadays arthroscopic techniques
have replaced open meniscal repairs such as popularized
by DeHaven [5, 7, 9, 10, 11, 12, 17, 19, 20, 22, 24, 25, 31,
32]. Open meniscal repairs are frequently preferred for
tears of meniscosynovial junction and especially for tears
involving the posterior third portion of menisci [14, 15].
A number of disadvantages have been reported with it,
such as accessibility only to peripheral tears, necessity of
a wider exposure, and difficulty in various suturing techniques [15, 25]. Since in our series some of the tears were
localized in zone 2, we used arthroscopic technique. Moreover, we consider the arthroscopic technique to be faster
and less invasive for all localization.
With the increasing use of arthroscopy, techniques
used for meniscal repair have been modified. Among
arthroscopic methods the first to be developed was insideout suturing [10, 11]. Later, to avoid various types neurovascular damages seen in inside-out techniques, other
methods were developed, including the outside-in [20] and
the all-inside [22] techniques.
There is no consensus relating to the choice of suturing
material. Some surgeons prefer absorbable sutures [2, 15,
25, 32] and others [5, 17, 25] nonabsorbable sutures. Surgeons using nonabsorbable sutures claim that absorbable
sutures lose their durability, and that permanent sutures, in
contrast to a widely held opinion, do not cause synovitis
inside the joint and articular damage thanks to eventual burial of suturing material inside meniscal tissue [7, 15, 24].
Suturing materials have been modified over the years
to overcome some of the disadvantages concerning the
techniques of meniscal repair (inside-out and outside-in)
in addition to the development of all-inside technique popularized by Morgan [22] . In parallel with technological
development, various fixing materials of all-inside type,
called meniscal fixators, have been marketed. Nowadays
frequently used meniscal fixators include the Arrow,
Mitek meniscal repair system, S-D Sorb meniscal stapler,
Arthrex meniscal dart, Clearfix screw, and Clearfix dart
[1, 4, 5, 6, 7, 8, 9, 16, 17, 26, 28, 29, 30]. the T-fix repair
system is one of the pioneer all-inside fixators. These systems have many advantages, such as ease of applicability
especially for longitudinal tears of posterior horn, the possibility of complete repair using T-fix systems in arthroscopic interventions, avoidance of the necessity of capsular incision routinely used in open procedures, lower risk
rate of neurovascular injury, and shorter operation time [4,
5, 6, 7, 17]. Although all-inside meniscal repair devices excluding T-fix carry all of these advantages, they still pose
considerable disadvantages, such as lower degree of stability and higher rate of complications, including fractures, synovitis, migration, and slipping [1, 4, 6, 8, 9, 16, 26, 28, 30].

In addition to the superiority of the T-fix repair system
over conventional methods, it excels over all the other allinside meniscal repair devices in that it has an inert, primary stability and lower rate of complications [5, 7, 17].
Since the collagen fibers of meniscus have a circular orientation, horizontally placed fixators hardly grasp collagen
fibers, and as a result there is premature meniscal insufficiency. Biomechanical studies carried out with the Arrow
system have shown that its primary stability against tractile forces is weaker than that with vertical sutures [1, 4, 6,
8, 9, 16, 23, 29]. Although the T-fix system is placed horizontally, conventional suturing techniques are used, and
primary stability is much better than meniscal fixators.
Some biomechanical studies have demonstrated that the
primary fixation strength of the T-fix system is superior to
almost all “all-inside meniscal repair devices” [4, 6, 8].
In our series of 47 patients we placed an average of
three T-fixes per meniscus, for a total of 163. As demonstrated by Arnoczky and Bullough [2], we predicted that
the healing process of menisci takes 3 months, and for this
reason we preferred to use a nonabsorbable fixing material such as T-fix. The success rates of T-fix procedures
have been reported to be nearly 90% [5, 7, 17]. The study
by Barret et al. [7] followed 21 meniscal tears repaired
with T-fix for 1 year; all patients underwent ACL reconstruction concomitantly. At the last follow-up visit only
three patients mentioned symptomatic complaints, and radiographic examinations revealed Fairbank’s changes in
three patients. On second-look arthroscopy three of four
patients manifested complete healing. Escalas et al. [17]
used T-fix methods with 20 meniscal tears which they followed for 6 months postoperatively. They reported that
their functional results were excellent, and none of their
patients was symptomatic. Still, they stressed the necessity of larger scale studies with longer duration. Our results were also excellent, and the rate of our good results
was about 90%. Our success rate is in accordance with
other reports in the literature.
Other studies have described some of the disadvantages with T-fix procedures [5, 7, 17]. First, it is technically difficult. Placement of the polyacetic bar just behind
meniscus, passing the suture through the full thickness of
meniscus, and tying the sutures with the aid of arthroscopy
requires substantial experience. Therefore the surgeon’s
full competence in the all-inside arthroscopic technique
would undoubtedly increase the success rate. The second
problem with the T-fix system is the risk of complications
such as synovitis and chondral lesion due to its nonabsorbability. However, many authors have reported that permanent sutures do not lead to synovitis and articular damage,
and that they stay buried inside the meniscus [7, 15]. We
believe that second-look arthroscopy is the gold standard
for evaluating the results of repaired menisci and its complications. Unfortunately, there is as yet no clear report
about this, to our knowledge. Our findings with secondlook arthroscopy proved very exclusive for evaluation.
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All repaired menisci except three were healed. In addition, we encountered no evidence of synovitis or chondral
damage. We observed that ties are covered with the healing meniscal tissue, and that there was no any chondral
damage. Still, we believe the necessity of obtaining longer
follow-up results to assess the risk of articular cartilaginous damage due to the use of nonabsorbable material.

In consideration of the above advantages and disadvantages of all inside meniscal fixators, we believe that the
T-fix repair system can be used with relative safety, offering higher rates of primary stability and lower complication rates than conventional techniques and the other allinside meniscal fixators.
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