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Relevance The problem of meniscus injuries in children has acquired a particular relevance. The growth in their incidence has been caused 
not only by an active sports- and lifestyle of pediatric patients but also by improved diagnosis due to magnetic resonance and arthroscopic 
techniques. Aim To formulate indications for the use of various methods of meniscus suturing in children and to evaluate the results of 
treatment of meniscus injuries in children, depending on the location of the tears. Materials and methods Our study included 74 patients 
who underwent meniscus suturing from March 2018 to December 2020. The age of the children ranged from 10 to 17 years. Time 
since the injury ranged from one day to 3 years. Before surgery, they underwent instrumental examination; knee joint radiography was 
performed in all patients, knee MRI was performed in 66 patients. Results Meniscus sutures were evaluated clinically and instrumentally 
at 6 months after the operation (MRI). One year after the meniscus repair, X-rays of the knee were taken to assess osteoarthritis. There 
was no pain after surgery in 68 children (91.9 %). There were no blocks of the knee joint after surgery in all children. Full recovery of 
the range of motion in the knee joint was observed in 69 children (93.2 %). Complications were noted in five children. Conclusion Poor 
results after meniscectomy has led to the emergence of several methods that allow meniscus repair and avoid meniscectomy that impairs 
knee functions. In children, the potential for restoration of menisci after their reconstruction is higher than in adults. It is possible to 
repair lesions not only in the white zone but after periods of more than three months since the injury. The choice of the meniscus suture 
technique used is determined by the location of the tear, taking into account possible complications. The use of a combination of methods 
allows reconstruction of the damaged meniscus regardless of the location of the tear and the complexity of the injury. Good clinical 
results, absence of complaints and return to usual physical activities in the immediate postoperative period should be regarded as positive 
outcomes subjected to further study.
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INTRODUCTION

Isolated traumatic meniscus injuries are more 
common in the pediatric population than in adults [1]. 
According to different reports, the incidence of meniscus 
injuries in children varies from 0.15 to 36.7 % of all knee 
injuries [2, 3]. Injuries simultaneously to two menisci of 
one knee joint and their combination with damage to 
other structures such as hyaline cartilage (42.6 % for 
the medial meniscus, 31.1 % for the lateral meniscus), 
anterior cruciate ligament (24 % for the medial meniscus, 
28, 3 % for the lateral meniscus), medial patellar plica 
(16 % for the medial meniscus, 14.6 % for the lateral 
meniscus) are possible [2]. Damage to the posterior 
root of the meniscus occurs in every sixth child with 
meniscus lesions [4].

Two main methods of treatment in injuries of knee 
joint meniscus have been described: meniscectomy 
and meniscus suturing [5]. There are a large number of 
publications that have shown the relationship between 
removal of the meniscus and the development of 
osteoarthritis in adults [6-9]. Convincing evidence has 

also been described that full or partial meniscectomy is 
a detrimental procedure in children, as the consequence 
of such treatment is the development of early 
osteoarthritis [10, 11].

In the pediatric group of patients, the success rate of 
the meniscus suturing is higher than in adults [12]. This 
is due to the peculiarities of the histological structure of 
the menisci in children. The formations that perform the 
function of "feeding channels", delivering nutrients from 
the synovial fluid into the thickness of the meniscus, 
and the microvessels reaching the internal third of the 
meniscus in children, allow suturing the menisci in 
the white zone [13]. Modern trends in the treatment of 
meniscus injuries are to restore the damaged segment of 
the meniscus with meniscus suturing which is performed 
using various techniques and their combinations [14].

Purpose To formulate indications for the use of 
various methods of meniscus suturing in children and to 
evaluate the results of treatment of meniscus injuries in 
children, depending on the location of the tears.

MATERIAL AND METHODS

Our study included 74 patients who underwent 
meniscus suturing from March 2018 to December 
2019 (Table 1). The inclusion criteria for the study 
were unstable meniscus tear, absence of pronounced 
degenerative changes, and the observation period of 
patients at least 12 months from the date of surgery. The 

exclusion criteria were cases of simultaneous resection 
and suture of the meniscus in one knee joint (except for 
children with discoid menisci), the follow-up period less 
than 12 months from the date of surgery, and the absence 
of data from control instrumental studies. This study 
was carried out in compliance with the Declaration of 
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Helsinki of the World Medical Association “Ethical 
Principles for Medical Research Involving Human 
Subjects” as amended in 2000.

Table 1
Injuries treated with meniscus suturing

Injured structure Number of children
Lateral meniscus 28
Medial meniscus 24
Both menisci 14
Discoid meniscus 8
Total 74

The age of the children ranged from 10 to 17 years 
(mean age, 13.5 years). Time since the injury was from 
one day to 3 years. Table 1 shows the structure of the 
lesions in which the meniscus suture was performed. In 
8 patients, damage to the discoid meniscus was revealed: 
the altered part was removed, and the remaining one 
was fixed. In 18 patients, meniscus injury was combined 
with anterior cruciate ligament tear. If the rupture was 
of a small length (2–3 cm), the patients had meniscus 
suturing and simultaneous reconstruction of the ACL. 
In case of extended ruptures (more than 3 cm) or 
damage to both menisci, the meniscus or menisci were 
reconstructed first, and the ACL plasty followed after 
4–8 weeks.

Before surgery, all patients underwent instrumental 
diagnosis in addition to physical examination. 
Radiographic examination of the knee joint was 
performed in all patients (X-rays of the knee joint in 
two projections or computed tomography in order to 
carry out differential diagnosis with other pathologies 
of the knee joint, to identify signs of osteoarthritis and 
indirect radiological signs of the presence of a discoid 
meniscus). Knee MRI was performed in 66 patients. In 
some children, a meniscus tear was an intraoperative 
finding (Fig. 1, 2). 

We identified horizontal, vertical, radial tears, tears 
like "bucket handle" and "parrot beak", ruptures of the 
ramp and the root of the medial meniscus, as well as 
combined tears (Table 2) [15]. In our practice, we did 
not take into account the time since the moment of injury 
as an indication or contraindication for performing 
meniscus stitching.

Fig. 1 Flap-like tear of the lateral meniscus body

Fig. 2 Vertical tears of the posterior horn of the lateral 
meniscus

Table 2
Types of meniscus tears

Types of meniscus tear Number
Horizontal tear 6
Vertical tear 37
Radial tear 2
Bucket-handle tear 14
Parrot-beak tear 2
Meniscus ramp tear 1
Tear of the posterior root of the medial 
meniscus 1

Complex tears 11
Total 74

The following techniques were used for reconstructing 
the meniscus: "outside to inside", "inside to outside" and 
"all inside", as well as their combinations for multiplanar 
and extended tears (Table 3). To reconstruct the tear of 
the posterior root of the medial meniscus, the latter was 
re-fixed with cortical fixation on the anterior surface 
of the tibia. The choice of the meniscus reconstruction 
method was determined by the location of the tear and 
its complexity.

In buckle-handle and parrot-beak types of injuries, 
a combination of several meniscus suture technologies 
was performed. The rehabilitation period did not depend 
on the type of techniques used.

Methods of descriptive statistics were used to process 
the data. The McNemar test (p < 0.001) was used to 
compare populations for qualitative characteristics.

Meniscus suturing techniques
The choice of the meniscus reconstruction method 

is determined by the location of the damage and its 
complexity, which are the length and multidirectional 
line of the tear. Several tear lines at the same level are 
also possible. We analyzed the technical features of 
the existing meniscus suture techniques and possible 
complications after their use and made a scheme that 
allows us to select the most appropriate meniscus suture 
technique for a particular location of the tear (Table 3).
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Table 3
Meniscus suture techniques and indications for their use in regard to tear location

Suture technique
Outside-in Inside-out All inside

Anterior horn of the medial meniscus Convenient, safe Inconvenient, safe Inconvenient, safe
Anterior horn of the lateral meniscus Convenient, safe Inconvenient, safe Inconvenient, safe
Medial meniscus body Convenient, safe Convenient, safe Convenient, safe
Lateral meniscus body Inconvenient, safe Convenient, safe Convenient, safe
Posterior horn of the medial meniscus Inconvenient, unsafe convenient, safe Convenient, safe
Posterior horn of the lateral meniscus Inconvenient, unsafe convenient, safe Convenient, safe

Outside-in technique
The outside-in technique is most applicable for the 

anterior horn and the anterior part of the body of both 
the lateral and medial menisci [16]. To perform such 
a meniscus suture does not require special instruments 
and suture material. Thick needles for intravenous 
injections or spinal anesthesia are used. The stitching 
needles pass from the outside of the joint to inside in 
implementing the outside-in technique (Fig. 3). Next, 
a sewing thread passes through one needle, and a metal 
thread guide or a monofilament thread folded into a 
loop through the other. With the help of such a guide, 
the stitching thread is pulled outwards [17]. After all 
sutures have been applied, knots are formed on the joint 
capsule to avoid pressure of the sensitive branches of 
the n. saphenus in the ligature.

Fig. 3 Outside-in suture

The advantage of using this technique in the 
anterior part of the joint may be explained by a good 
view of the tear zone, a convenient "angle of attack" 
in relation to the tear line and sufficient space for 
manipulation of sutures and a guide thread, which 
minimizes the likelihood of iatrogenic trauma to the 
articular cartilage.

Inside-out technique
The most applicable technique for reconstruction 

of the middle and posterior parts of meniscus body 
is the inside-out suture by which the stitching needle 
passes from the joint to the outside (Fig. 4). To restore 
the middle and posterior parts of the meniscus body, 
it is possible to use the outside-in technique, but it 
requires from the surgeon much experience in meniscus 
suturing. There is a poorer view of the damaged zone in 

the middle part of the joint and the suture in the valgus 
position of the lower limb (for the medial meniscus) or 
in the “four” position (for the lateral meniscus), that is 
accompanied by changes in the orientation of the knee 
joint gap landmarks. Taking these features into account, 
the inside-out technique allows minimizing iatrogenic 
damage to the articular cartilage and neurovascular 
structures.

Fig. 4 Inside-out suture

For the inside-out meniscus suture, a stitching needle 
guide is used. The principle of the arrangement of the 
sutures is similar. It is important to use protective mirrors 
by passing the suturing needles to prevent stitching of 
tendons, muscles, and neurovascular structures [18, 
19]. After passing all the suturing threads, the knee 
joint is bent to 90° and the surgeon forms knots on the 
joint capsule [20]. This technique allows an adequate 
positioning of the damaged elements of the meniscus 
and minimizes the likelihood of damage to the sensitive 
branches of n. saphenus.

To restore the posterior horn of the medial 
meniscus, it is necessary to release the deep branch 
of the medial collateral ligament [21, 22]. It improves 
the visibility of the damaged area of the posterior horn 
and the meniscocapsular junction, as well as minimizes 
iatrogenic damage to the articular cartilage.

To repair the tears of the medial meniscus ramp, 
the inside-out technique is also used. The difference 
is the need to perform an additional posterior medial 
approach to visualize the tear line, as well as the use of 
a retractor hook to protect the neurovascular structures 
from damage by the meniscus suturing [23].
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All-inside technique
To restore the posterior horn of the meniscus, the most 

convenient and, most importantly, safe technique is “all 
inside”. Reconstruction using this technique is performed 
with the help of special suturing devices that allow the 
suture to be made completely inside the joint without 
pulling the stitching threads outside (Fig. 5, 6) [24].

The use of other methods of the meniscus suture 
for reconstruction in the posterior part of the knee joint 
through the anterior ports cannot be considered safe. It 
is associated with a limited view of the posterior part of 
the joint, as well as with a high probability of damage 
to v. saphena magna at suturing the posterior horn of 
the medial meniscus, n. peroneus communis by repair 
of the posterior parts of the lateral meniscus body and 
a. poplitea by reconstruction of the posterior horn of the 
lateral meniscus.

The all-inside meniscus suture is a fast, convenient 
and safe technique, but it requires special disposable 
instruments, thus significantly increasing the cost of 
such an operation.

Transosseous suture for tear of the posterior root of 
the medial meniscus

To reconstruct injuries to the root of the posterior 
horn of the medial meniscus, the technique of re-
insertion the posterior root using cortical fixation on the 
anterior surface of the tibia has been described [25]. This 
technique allows anatomical fixation of the damaged 
segment, since a displacement of more than 3 mm may 
cause persistent pain and inconsistency of the suture. 
Also, there is frequently not just a tear of the meniscus 
tissue, but its complete separation from the insertion 
point, often along with a bone fragment [26].

Upon assessing the type of damage to the meniscal 
root according to the LaPrade classification [26], 
decortication is performed in the area where the meniscus 
root is planned to be re-attached. The tibial canal is formed 
with the help of a special guide. Next, the meniscal root 
is stitched inside the joint, and all the threads that fix the 
meniscus are immersed into the tibial canal with the help 
of a guide. The next step is fixation with a button on the 
anterior surface of the lower leg [27].

Fig. 5 All inside suture Fig. 6 Inside-out suture

In the postoperative period, all children underwent 
plaster immobilization of the knee joint for a period of 
4–6 weeks (4 weeks in isolated lesion of the anterior 
meniscal horn, 6 weeks for other localizations) and 
exclusion of axial load for 6 weeks. In the early 
postoperative period (0–6 weeks), exercises were 
performed to achieve full extension in the knee joint, 
isometric exercises for the quadriceps femoris muscle, 
and straight leg lift in all planes. After 6 weeks, a gradual 
restoration of the range of motion in the knee joint 
was initiated in the articulated orthosis and the axial 
load was allowed with a gradual achievement of full 
weight-bearing walking and restoration of a normal gait 
stereotype. From the 14th week, exercises were added 
to increase muscle strength and flexibility, while getting 
rid of the fear of uncertain support on the operated limb.

The consistency of the meniscus suture was assessed 
clinically and instrumentally at 6 months since the date 

of surgery (MRI). One year after the meniscus suturing, 
X-rays of the knee joint were taken to assess osteoarthritis. 
Pain was noted in 72 children (97.3 %) before surgery. 
After the meniscus suturing, pain persisted in 6 children 
(8.1 %). It should be noted that patients noted a change 
in the nature of pain and a decrease in its intensity. No 
block of the knee joint was observed in all children 
after the operation. Before surgery, it was detected in 34 
children (46 %). Preservation of restricted movements 
in the knee joint after the meniscus suturing was noted 
in 5 children (6.8 %). Four of them had a massive tear 
of the meniscus (s), and ACL repair was performed at 
the second stage. Motion in the operated knee joint was 
restored fully in the remaining 69 children.

To compare the samples for qualitative 
characteristics, the McNemar test was used. We 
compared two groups of children who noted pain 
(group 1) and limitation of movement (group 2) before 

RESULTS
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and after the meniscus suturing. Results obtained were: 
χ2 McNemara 19.600 (p < 0.001); χ2 McNemara with 
Yates' correction 18.906 (p < 0.001); χ2 McNemara 
with Edwards' correction 18.225 (p < 0.001).

We faced complications in 5 children. One child had 
synovitis 4 months after the operation that resolved on 
its own by reduced physical activity. In 4 children, a 
decrease in sensitivity in the anteromedial region of the 
tibia was noted in the postoperative period. Two children 
had a complete recovery of sensitivity after 8 months 
from the moment of surgery, and partial recovery was 
observed in two other children (Table 4).

Table 4
Complications

Type of complication Number of children
Synovitis 1
Decreased sensitivity along 
the anteromedial surface 
of the lower leg

4

Total 5

One child had a meniscus tear due to a repeated 
injury 9 months after the meniscus suturing and the end 
of rehabilitation. Revision arthroscopy revealed areas 
where the suture was found to be inconsistent. In the 
rest of the patients, complaints and clinical data of the 
meniscus suture failure were not observed.

According to MRI data, patients were divided into 
several groups according to the following features: 
the presence or absence of a hyperintense signal, 
preservation of the meniscus shape, and the presence 
of synovitis. Synovitis according to MRI data in our 
study was noted in 3.5 % of cases. Retention of the 
meniscus shape was noted in 91.5 % of cases. In 8.5 % 
of children, we met a discoid meniscus, which initially 
has an irregular shape. By the nature of the hypersignal, 
the patients were divided into 3 groups:

1) absence of any changes in the area of the restored 
menisci (20 %);

2) presence of a hyperintense signal that does not go 
out to the articular surface of the meniscus (52 %);

3) presence of a hyperintense signal going out to the 
articular surface of the meniscus (28 %).

It should be noted that the presence of a 
hyperintense signal in the absence of synovitis, altered 
meniscus shape and other MRI-symptoms of meniscal 
lesions (double posterior cruciate ligament symptom, 
ghost symptom, etc.) is not a criterion for meniscus 
tear in the absence of clinical manifestations. Reliable 
differentiation between meniscus tear and the presence 
of scar tissue in the zone of the restored meniscus is 
impossible. According to the literature, a hyperechoic 
signal in the meniscus tear zone may persist for up to 
10 years from the moment of surgery and not disappear 
completely, provided that the damage zone is not 
macroscopically determined with control arthroscopy 
[28]. In this regard, in our work, we considered the 
absence of synovitis, the preservation of the contours 
of the reconstructed meniscus, and a decrease in the 
intensity of the hyperechoic signal in dynamics as 
criteria for a satisfactory MRI result, compared to MRI 
before surgery.

По данным контрольных рентгенограмм, выпол-
ненных через 1 год с момента оперативного лечения, 
ни у одного ребенка мы не выявили рентгенологиче-
ских признаков артроза и иных изменений.

According to the control radiographs performed one 
year after the surgical treatment, we did not reveal any 
radiological signs of arthrosis or other changes in any 
child.

In 11 children, repeated arthroscopy was performed in 
connection with the delayed reconstruction of the ACL. At 
the same time, suture failure without clinical manifestations 
was detected in one child by repeated arthroscopy. The 
remaining 5 patients showed macroscopic signs of the 
ongoing meniscus repair. Four weeks after the meniscus 
suturing, the tear zone was covered with thin connective 
tissue, while the damaged part of the meniscus did not 
move by palpation with a probe. The repeated arthroscopy 
after more than 8 weeks showed that the tear zone was 
either not visually determined, or looked similar to the 
arthroscopic image described above.

DISCUSSION

There is strong evidence that complete or partial 
meniscectomy is a detrimental procedure in pediatric 
patients that causes the development of premature 
osteoarthritis [1]. V.B. Bogatov et al observed that 
the radiographic manifestations of osteoarthritis in 
adolescents are more pronounced than complaints and 
clinical data. The authors believe that resection of the 
floating fragments of the meniscus is advisable when 
there is a high probability of their infringement between 
the articular surfaces [29]. G. Lucas et al conducted a 
study aimed at evaluating the results of arthroscopic 
repair of isolated meniscal tears in children. Pre- and 
postoperative assessment of the results of the arthroscopic 
meniscus suturing was carried out according to the 
Tegner and Lisholm scales. Significant differences were 
revealed in the results of the questionnaire survey on 
both scales (p = 0.0003) [1].

Clinical and MRI-controlled good and excellent 
results were obtained in 70 % of the patients [1]. In the 
study by A. Schmitt, complete restoration of the knee 
joint function was noted both according to the results of 
the questionnaire survey (IKDC, KOOS) and according 
to the MRI data in the postoperative period in 17 of 19 
children after the meniscus suturing using the all-inside 
technique. The inconsistency of the suture was noted in 
two cases. There was also one case of limited flexion in 
the knee joint, which completely subsided after a course 
of physiotherapy [3]. P. Beaufils and N. Pujol reported 
that they used the all-inside technique to repair the 
posterior parts of the meniscus, and the outside-in one 
for the anterior parts. Also, the authors advise to suture 
first the damaged posterior meniscal parts, and then 
move anteriorly. An exception is a bucket-handle type 
of tear. According to the authors, it is not recommended 
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to use the inside-out technique to restore the posterior 
horn of the meniscus, since this tactic is associated with 
the risk of neurological complications, especially in the 
medial region [16]. Another group of authors (J. Chahla 
et al.) believes that the inside-out technique is most 
applicable for the suture of the posterior horn and the 
body of the meniscus, the tear of the meniscus ramp 
and the restoration of the bucket-handle type. However, 
there is a possibility of injuring the popliteal artery and 
its branches, damage to the saphenous nerve and the 
common peroneal nerve, the development of flexion 
contracture and deep vein thrombosis [20].

According to the literature, the resulting changes 
lead to accelerated cartilage degeneration if the posterior 

root of the meniscus is injured, what is comparable to 
the changes observed after total meniscectomy [26]. 
S. Pache, G. Moatshe and R.F. Laprade believe that in 
young patients, even chronic and degenerative lesions of 
the posterior meniscus root are indications for surgical 
repair [6, 26]. V.B. Bogatov et al in their study noted 
that the duration of the meniscus injury did not affect 
the outcome of treatment. The authors observed the 
restoration of the meniscus tissue in injuries that were 
more than 4 months old [29]. In turn, Mark E. Cinque et 
al performed repairs in 173 patients regardless of the tear 
zone (3 groups: red-red, red-white and white-white) and 
did not reveal any fundamental differences in the results 
of meniscus union in patients of these three groups [30].

CONCLUSION

In children, the potential for restoration of menisci 
after their reconstruction is noticeably higher than in 
adults. It is possible not only to restore the lesions in the 
white zone but also after a long time since the moment 
of injury. The choice of the meniscus suture technique 
used is determined by the location of the tear, taking 
into account possible complications (damage to the 
popliteal artery, great saphenous vein, saphenous nerve 
and common peroneal nerve) and the surgeon’s skills. A 
combination of methods allows for the reconstruction of 
the damaged meniscus regardless of the location of the 
tear and the complexity of the injury.

The indications we have formulated for the 
use of various methods of meniscus stitching in 
children result in good treatment outcomes in the 
immediate postoperative period. At the moment, 
there are no long-term studies in the pediatric group 
of patients evaluating the role of the meniscus 
suture techniques in preventing the development 
of premature osteoarthritis. Good clinical results, 
absence of complaints and a return to the usual 
physical activity should be regarded as a positive 
short-term result of treatment that should be further 
investigated.
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