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Abstract. The aim of the current study was to investigate 
the construction of the bone bridge and tibial plateau under 
arthroscopy during meniscal allograft transplantation, in order 
to simplify and enhance the accuracy of bone bridge fixation 
intraoperatively. A traction line passed through the attachment 
of the anterior and posterior horns of the superior meniscus to 
the bone bridge was used to pull the bone bridge into the knee 
joint cavity and fix the anteroposterior horns of the meniscus. 
At the junction of the body of the meniscus and the poste-
rior and anterior horns of the meniscus, a traction line was 
created at the anterior and posterior 1/3 of the meniscus to 
pull and fix the meniscus. Under the arthroscope, the aiming 
device was placed on the tibial plateau. The direction and 
width of the guide plate were identical to those of the bone 
trough of the tibial plateau. The bone tunnel was made using 
the guide needle and a 9-mm hollow drill, the piston rod was 
inserted, and the arch-shaped bone knife was inserted along 
with the piston rod to construct the 9-mm bone trough of the 
tibial plateau. The periphery of the meniscus was sutured to 
the joint capsule. These surgical techniques and instruments 
could standardize meniscal graft transplantation and avoid the 
incidence of surgical errors caused by mismatched size and 
shape of the bone bridge and bone trough. This would make 
the surgery more convenient, safe and accurate. The four-point 
fixation of the tibial plateau contributed to preventing the 
reversal of the meniscus during transplantation, and partially 
reconstructed the coronary ligament of the meniscal tibia, 
which probably enhanced the stability of the meniscus and 
minimized the risk of extrusion of the meniscal allograft. 
The bone bridge and bone trough of the tibial plateau were 
properly constructed under arthroscopy. Dynamic monitoring 
of surgical indications, explicit preoperative preparation and 

standardized surgical procedures could achieve high efficacy 
and excellent fixation effect during meniscal graft transplan-
tation. The four‑point fixation of the tibial plateau maintains 
and enhances the stability of the meniscal allograft, reduces 
the risk of meniscal extrusion and ensures the postoperative 
recovery of meniscal function.

Introduction

Meniscal allograft transplantation is widely applied in the 
reconstruction of the meniscus (1-5), which consists of 
open surgery and arthroscopic minimally invasive surgery. 
Although the results of open and arthroscopic minimally 
invasive surgery are similar (6,7), arthroscopic minimally 
invasive surgery can obtain a comprehensive and clear 
intra‑articular visual field, which facilitates the treatment of 
concomitant joint lesions, reduces surgical injury, and lowers 
the risk of postoperative tissue adhesions. Due to the lack of 
standard instruments and technical specifications, it is not 
possible to perform all meniscal allograft transplantation 
procedures by arthroscopic surgery, and merely open surgery 
or arthroscope-assisted small incision surgical procedures 
may be performed instead (8).

The quality of the fixation of the meniscal anteroposte-
rior horns determines the effectiveness of meniscal allograft 
transplantation (9). It is simpler to directly suture and fix the 
anterior and posterior horns of the meniscus, but fixation of 
the anterior and posterior horns of the meniscus with attached 
bone anchors possesses significant biomechanical advan-
tages (10-12), and serves as the gold standard for meniscal 
allograft transplantation (13). Fixation using attached bone 
anchors involves two processes. First, the anterior and poste-
rior horns of the meniscus are made into two bone plugs, and 
implanted into respective bone tunnels of the tibial plateau. 
Second, a bone bridge connecting the anterior and posterior 
horns of the meniscus is maintained and implanted into the 
bone trough between the anterior and posterior horns of the 
tibial plateau.

The former process only induces slight trauma to the tibial 
plateau, but it is technically demanding. It may lead to inac-
curate distance and position between the anterior and posterior 
horns, thereby affecting the function of the transplanted 
meniscus (14). It is not recommended for application in lateral 
meniscal transplantation. Due to the short distance between 
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the anterior and posterior horns, the risk of inter-junction of 
the two bone tunnels of the tibial plateau is relatively high. 
The latter process can ensure that the position of the anterior 
and posterior horns of the meniscus is almost normal, and 
maintain a normal distance and anatomical position between 
the anterior and posterior horns of the meniscus (14). The 
standardization of surgical procedures can reduce the risk of 
improper positioning of the meniscus, and properly reconstruct 
the function of the meniscus in buffering annular stress (1).

The standardization of surgical procedures can be applied 
in medial or lateral meniscus transplantation, particularly the 
latter. However, the process is disadvantaged by a lack of stan-
dard minimally invasive surgical instruments, and surgeons 
can only rely on manual repair and grinding under visual 
inspection. It is difficult to ensure that the shape and size of the 
bone trough is properly matched with the bone bridge, which 
requires repeated comparison, modification and grinding. In 
addition, due to the absence of technical standards (8,15,16), 
it is difficult to maintain optimal stability of the anterior and 
posterior horns of the meniscus. The construction of the bone 
tunnel and bone bridge is time consuming, which increases 
surgical risk.

To resolve the technical issues of bone bridge placement 
in meniscal allograft transplantation, a minimally-invasive 
surgical technique and corresponding surgical instruments for 
arthroscopic meniscus transplantation was established in the 
current study to standardize the construction of the anterior 
and posterior horn bone bridges of the meniscus and properly 
match with the bone tunnels of the tibial plateau. The aim of 
this novel technique was to accurately and reliably accomplish 
meniscal allograft transplantation, enhance the compatibility 
and stability of the bone bridge and bone tunnel and improve 
the surgical effect.

Materials and methods

Ethical approval. The current study was approved by the Ethics 
Committee of the First Affiliated Hospital of PLA General 
Hospital (304 Hospital; Beijing, China). Written informed 
consent was obtained from all participants. Participants were 
recruited from November 2006 to July 2009. In total, 21 
patients (male, n=14 and female, n=7; age range, 19-49 years; 
mean age, 31.6 years) with meniscal resection underwent allo-
geneic meniscus transplantation.

Surgical instruments. Surgical instruments included two sets 
of bone bridge instruments and bone trough instruments. 
The bone bridge instruments (Fig. 1) consisted of a fixation 
table and a self‑made bone knife. The meniscus fixation table 
(Fig. 1A) was utilized to hold and fix the meniscal allograft. 
The standard-sized meniscus bone bridge cutting mold was 
equipped, and the self-made bone knife (Fig. 1B) was used to 
cut the standard-sized meniscal bone bridge. The bone trough 
instruments (Fig. 2) consisted of an aiming device (Fig. 2A), 
guide needle obturator (Fig. 2B), guide needle, standard-sized 
hollow drill (Fig. 2C), bone trough and standard-sized trough 
bone knife (Fig. 2D).

Construction of the allogenic meniscal bone bridge. The 
meniscal allograft was soaked and thawed. The excess 

peripheral synovial tissues were removed and the redundant 
lateral bone was eliminated. The allogenic meniscus was 
reversed and placed on a fixation table, so that the anterior 
and posterior horns of the meniscus were resected to the 
edges of the bone knife. The bone anchors between the 
anterior and posterior horns of the meniscus were fixed 
at four different points. The sagittal direction of the bone 
anchors was close to the bone knife, and the other end was 
adjacent to the anvil (Fig. 3). The bone anchors were cut 
with a self-made trough bone knife (8.5 mm in diameter) 
to construct the standard-sized bone bridge (Fig. 4). The 
bone bridge between the anterior and posterior horns and 
the allogenic meniscus were removed from the fixation 
table. The bone bridge was then slightly modified to make 
it more regular and smoother to adapt to the length of the 
bone trough of the tibial plateau. Non-absorbable wire [2-0 
Ticron (Medtronic, Inc., NJ, USA) or Ethibond (Ethicon, 
Somerville, NJ, USA)] was inserted at the attachment of 
the anterior and posterior horns of the meniscus of the bone 
bridge to allow the bone bridge to enter into the bone trough 
and fix the anterior and posterior horns of the meniscus. 
The anterior and posterior 1/3 of the traction wire of the 
meniscus was inserted at the junction of the meniscal body 
and the posterior horn, and the meniscal body and the ante-
rior horn. Absorbable sutures were used to pull and fix the 
meniscus, and the surface of the meniscus was stained with 
methylene blue (Fig. 5).

Surgical position and incision. The affected limb was 
suspended above the operating table with 90˚ of knee flexion 
or the patients were placed in a supine position with the 
affected limb placed on the operating table in the ‘4’ shape. 
Arthroscopic transverse medial and anterolateral incisions 
were created. Because both the instrument manipulation and 
the implantation of allogenic meniscus passed through the 
medial incision, the anterior medial incision was cut slightly 
longer (~1.5 cm). If necessary, a short arc incision with the 
apex toward the ankle was made, or a longitudinal incision in 
a zig-zag shape was created in the direction of the ankle. A 
lateral incision could be made to protect the posterior lateral 
knee of the common peroneal nerve above the humeral head.

Positioning of the aiming device and bone trough of the tibial 
plateau. The bone trough was made on the tibial plateau. The 
guide plate of the aiming device was arthroscopically inserted 
through the medial incision into the knee joint space. The 
knee joint was slightly straightened to facilitate adjustment 
of the guide plate of the aiming device. The guide plate of 
the aiming device was close to the lateral or medial edge of 
the tibial plateau of the anterior cruciate ligament, and the 
guide plate was aligned with the position, width and direction 
of the bone trough of the tibial plateau. The surgeons could 
adjust and predict the position, width and direction of the 
bone trough through the guide plate. The sagittal direction of 
the guide plate was parallel to the sagittal axis of the tibial 
plateau, and the horizontal direction was parallel to the tibial 
articular surface (Fig. 6). A C‑arm fluoroscope was utilized to 
determine the position and direction of the guide plate, and to 
determine the position, direction and depth of the guide needle 
during needle insertion (Fig. 7A).
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Insertion of the guide wire into the bone trough. The top of 
the guide plate was attached to the posterior edge of the tibial 
plateau. The top and bottom plates of the guide plate were 
tightly attached to the anterior and posterior margins of the 
tibial plateau to fix the position of the guide plate. The needle 
obturator of the aiming device was inserted into the cannula 
below the guide plate and a 2-mm guide wire was inserted 
along with the center of the guide needle obturator until the 
needle contacted with the guide plate. According to the scale 
on the guide needle, the length of guide needle insertion was 
recorded. C‑arm fluoroscopy was performed to verify if the 
guide needle was properly inserted (Fig. 7B).

Construction of bone trough of tibial plateau. After the guide 
needle was inserted, the guide needle obturator was removed, 
and a 9-mm hollow drill was inserted along with the guide 
needle. The length of the hollow drill was 5 mm shorter than 
that of the guide needle, and the aiming device, guide plate 
and hollow drill were removed. A 7-mm piston rod was placed 
in the 9-mm bone tunnel. The length between the anterior and 
posterior edges of the bone tunnel was measured according to 
the scale on the piston rod, which was the length of the bone 
trough of the tibial plateau. Using a semicircular arched bone 
knife with an outer diameter of 9 mm, the bone fragments 

Figure 1. Schematic diagram of a meniscal bone graft device. (A) Meniscus fixation table. (B) Self‑made bone knife.

Table I. Comparison of the evaluation scores of knee joint function before surgery and at final follow‑up.

 IKDC classification
 ---------------------------------------------------------------------------------------
Time VAS score Lysholm score A B C D

Before operation 7.0±2.3 64.3±15.7    3 11 7
Final follow-up 3.2±1.3 80.1±19.4 6 10   3 2
Statistical analysis t=6.591; P=0.000 t=2.687; P=0.011 Hc=21.159;
   P=0.0003

VAS, visual analog scale; IKDC, International Knee Documentation Committee.

Figure 2. Schematic diagram of a meniscal bone graft instrument. 
(A) Aiming device. (B) Guide needle obturator. (C) Standard-sized hollow 
drill. (D) Trough bone knife.
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were eliminated, the bone trough was modified, and the bone 
trough of the tibial plateau with a 9-mm diameter and width 
was constructed (Fig. 8).

Construction of bone tunnel of anterior and posterior horns of 
meniscus. A 2-cm longitudinal incision was made in the medial 
side of the tibial tuberosity, and a bone hole was created from the 
anterior medial side of the tibia to the bottom of the bone trough 
of the tibial plateau. The traction line in the anterior and posterior 
horns of the meniscus passed the anterior medial tibia through 
the bone hole. It was necessary to ensure that the distance 
between the bone tunnel of the bone trough and the suture of the 
bone bridge, as well as the anterior horn of the original meniscus 
was equivalent. At the junction of the meniscal body and the 
posterior horn and the junction of the meniscus body and the 
anterior horn, the anterior and posterior 1/3 of the traction line 
was pulled outside the skin via the joint (Fig. 9A).

Figure 5. Attachment of the meniscus to the bone bridge. The meniscal 
allograft was removed from the fixation table. Non‑absorbable traction wire 
was inserted at the attachment of the anterior and posterior horns of the 
meniscus of the bone bridge to pull the bone bridge into the bone trough 
and fix the anteroposterior horn of the meniscus. The surface of the variant 
meniscus was stained with methylene blue.

Figure 4. Construction of the bone bridge. The bone fragments were cut using 
a self-made trough bone knife (8.5 mm in diameter) and the standard-sized 
bone bridge was constructed.

Figure 3. Positioning of the meniscus allograft on the fixation table. The 
meniscus allograft was reversed and placed on a fixation table, so that the 
anterior and posterior horns of the meniscus were resected to the edges of 
the bone knife. The bone anchors between the anterior and posterior horns 
of the meniscus were fixed at four different points. The sagittal direction of 
the bone anchors was close to the bone knife, and the other end was adjacent 
to the anvil.

Figure 6. Positioning of the aiming device and bone trough of the tibial 
plateau. Under arthroscopic guidance, the guide plate of the aiming device 
was inserted into the gap of the knee joint through the medial incision. The 
aiming device was placed on the lateral or medial tibial plateau according 
to the meniscus, and the guide plate was close to the lateral or medial edge 
of the tibial plateau of the anterior cruciate ligament from the center of the 
anterior horn to the center of the posterior horn of the meniscus. The sagittal 
orientation was parallel to the sagittal axis of the tibial plateau, and the hori-
zontal orientation was parallel to the tibial articular surface.
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Implantation of meniscal allograft. The allogenic meniscus 
was placed into the knee joint through the frontal entrance of 
the arthroscope. The anterior and posterior 1/3 of the traction 
line was used to properly place the meniscus (Fig. 9B). Varus 
and valgus knee alignments contributed to the placement of 
the meniscus. The meniscal bone bridge was inserted into 
the bone trough of the tibial plateau, and the position of the 
anterior and posterior horns of the meniscus was adjusted 
by altering the anterior and posterior positions of the bone 
bridge. After the insertion of the allogenic meniscus, it was 
verified whether the position of the femoral condyle was 
compatible with that of the meniscus to allow for a certain 
degree of knee joint flexion. The bone bridge of the meniscus 
was gently pressed and knocked. The knee joint was straight-
ened to make the bone plate gently press the bone bridge 
to insert it into the bone trough of the tibial bone. The two 

ends of the traction line at the anterior and posterior horns 
of the meniscus were knotted and fixed in the medial tibial 
tuberosity.

Postoperative treatment. Routine irrigation of the joint cavity 
and closure of the wound, compress dressing and cold compress 
were performed. Long contraction exercises of the quadriceps 
were performed immediately after the surgery. The knee joint 
was straightened at 0˚ by using a knee brace. At postoperative 
day 3, knee joint exercises were performed. At 3 weeks after 
surgery, the knee joint was fully straightened and the degree 
of flexion was within 60 .̊ At 6 weeks after surgery, the degree 
of knee flexion was increased by 10˚ weekly and gradually 
exceeded 90 .̊ At 12 weeks after surgery, the knee joint activity 
was restored to normal levels. At 24 weeks after surgery, patients 
could walk freely and independently. At 36 weeks after surgery, 

Figure 8. Construction of the bone trough. After the insertion of the guide needle, a 9 mm hollow drill was inserted along with the guide needle. The depth 
of the hollow drill was 5 mm shorter than the depth of the guide needle. A 7 mm piston rod was placed in the 9 mm bone tunnel. A trough bone knife with an 
outer diameter of 9 mm was inserted along with the piston rod, and the broken bone fragments were removed. A bone trough of the tibial plateau with a 9-mm 
diameter and width was constructed.

Figure 7. Positioning of the guide plate and guide needle. A C‑arm fluoroscope was used to determine (A) the position and direction of the guide plate and 
(B) the position, direction and depth of the guide needle during needle insertion.
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patients were allowed to run and ride a bicycle. At 48 weeks 
after surgery, patients could perform sports activities.

Follow‑up and evaluation index. Knee function was assessed 
before and after surgery using the visual analog scale (VAS), 
Lysholm score and International Knee Documentation 
Committee (IKDC) grading (17). All patients were assessed 
for 6-28 months following surgery. As previously described 
by Mink (18) and Fischer (19), the meniscus magnetic reso-
nance imaging (MRI) evaluation criteria were: 0 is a uniform 
low-intensity signal of the normal meniscus; Grade I injury is 
spherical or irregular punctate high-intensity signal which does 
not extend to the joint surface; Grade II injury is horizontal line 
high-intensity signal which does not affect the joint surface but 
extends to the junction of the meniscus joint capsule; Grade III 
injury is abnormally high‑intensity signal extending to the 
meniscal joint surface; Grade IV injury is meniscal lesions or 
fragments. MRI evaluation of articular cartilage injury was 
based on Recht's criteria (7). Three patients underwent surgery 
for other reasons at 3, 9 and 18 months after surgery.

Statistical analysis. SPSS 12.0 statistical software (SPSS, Inc., 
Chicago, IL, USA) was used for data analysis. Measurement 
data were presented as the mean ± standard deviation. The 
degree of knee flexion VAS score and Lysholm score were 
statistically compared using a paired t-test, before and after 
postoperative follow‑up. Wilcoxon signed‑rank test was 
adopted to compare IKDC grades and cartilage injury. P<0.05 
was considered to indicate a statistically significant difference.

Results

Baseline data. From November 2006 to July 2009, 21 patients 
(14 males and 7 females; age range, 19-49 years; mean age, 
31.6 years) with meniscal resection (22 cases; one patient 

required meniscal resection on both knees) underwent alloge-
neic meniscus transplantation. There were 16 cases with lateral 
meniscal injury and 6 cases with medial meniscal injury. The 
time interval from meniscal resection to allogenic meniscal 
transplantation was 0-9 years, (mean, 3.8 years). Knee MRI 
examination demonstrated no articular cartilage lesions 
or callus formation in 12 cases, 8 cases with interstitial pili 
spinous hyperplasia had a small amount of osteophyte forma-
tion at the edge of the tibial plateau. Arthroscopic evaluation 
of articular cartilage injury with modified Outerbridge classi-
fication (20) was performed: Grade 0 in 12 patients, grade I in 
5 patients, grade II in 3 patients and grade III in 1 patients The 
blood loss was 49.2±10.7 ml, operative length was 1.4±0.4 h 
and the length of hospitalization was 14.7±2.1 days.

Knee joint function. All patients were followed up for 
6-28 months (mean, 16.3 months). No surgical injuries, infec-
tions or requirements to remove the transplanted meniscus 
occurred. No abnormalities were noted in the immune param-
eters after surgery, and no obvious allogeneic immune rejection 
was reported. The degree of knee joint motion was completely 
straightened before surgery. The degree of knee joint straight-
ening was comparable before and after surgery. The degree of 
knee flexion was 105‑150˚ (mean, 121.4˚) before surgery and 
120‑150˚ (mean, 132.7˚) at the final follow‑up, there was no 
statistical significance between the degree of knee flexation 
(t=1.123, P=0.268). Two patients neglected rehabilitation exer-
cises after surgery. During the follow-up, the degree of knee 
flexion (120 ,̊ 120˚) was not restored to the preoperative level 
(135 ,̊ 150˚). One patient had limited knee flexion (105˚) preop-
eratively and improved to 135˚ after postoperative exercise. All 
patients could walk during follow-up. VAS scores, Lysholm 
scores and IKDC classification results are presented in Table I. 
Prior to surgery, patients with normal and almost normal IKDC 
classification (Grade A and B) accounted for 14.3%, which was 

Figure 9. Placement of the meniscal allograft into the knee joint cavity. (A) The traction line in the anterior and posterior horns of the meniscus passed the 
anterior medial tibia through the hole. (B) Anterior and posterior 1/3 of the traction line was used to properly place the meniscus.
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significantly increased to 76.2% postoperatively (P=0.0003). 
The VAS score significantly decreased while Lysholm score 
significantly increased in the final follow‑up compared with 
before operation (Table I).

MRI performance. MRI examinations were performed prior 
to surgery in all patients. All MRI images indicated grade III 
or above meniscal injury signal. At 1 year after surgery, 
13 cases were examined by MRI. One patient presented with 
grade I and II signal at the anterior horn of the transplanted 
meniscus and two patients presented with grade I and II signal 
at the posterior horn, but no clinical symptoms were docu-
mented. The remaining meniscal allografts were well-shaped, 
whereas uneven internal signal was noted. Of the 13 patients 
receiving preoperative MRI examination, 6 cases had grade 
0 articular cartilage, 4 cases had grade I, 2 cases had grade II 
and 1 case had grade III. At 1 year after surgery, 5 cases had 
grade 0, 4 cases had grade I, 3 cases had grade II and 1 case 
had grade III. No statistical significance in the grade of the 
meniscal injury signal was observed before or after surgery 
(Hc=0.570, P=0.966).

Arthroscopic observation. In the current study, 1 patient 
received arthroscopy at 3 months after medial meniscus trans-
plantation. The edge of the meniscus and the joint capsule were 
almost healed and synovial membrane hyperemia was noted at 
the periphery. The meniscus was intact in morphology with 
a sharp edge, poor stability and brittle texture. The articular 
cartilage was evaluated as Outerbridge grade II before and 
after surgery. At 9 months after the lateral meniscus transplan-
tation, arthroscopy revealed that the transplanted meniscus 
and joint capsule were properly healed, and the anterior and 
posterior horns were fixed firmly. The meniscus was intact in 
shape, the texture became hard and the edge was slightly blunt. 
The articular cartilage was assessed as Outerbridge grade I 
before and after operation. At 18 months after lateral meniscus 
transplantation, arthroscopy demonstrated that the meniscus 
graft and joint capsule were well healed, and the appearance 
and texture were similar to the normal meniscus. The margin 
was slightly rough and then trimmed under arthroscopy 
(Fig. 10). The articular cartilage was evaluated as Outerbridge 
grade 0 before and after operation.

Discussion

Following meniscal allograft transplantation, the symptoms 
of pain, swelling and knee joint function can be significantly 
improved (21,22). However, it is challenging to perform 
arthroscopic and minimally invasive meniscus transplantation 
due to the lack of necessary special surgical instruments and 
standard procedures. In the current study, a minimally invasive 
surgical approach was established and self-designed surgical 
instruments were used to successfully accomplish meniscal 
allograft transplantation.

One of the most vital steps in meniscal transplantation 
is to fix the anterior and posterior horns of the meniscus at 
a precise anatomical position (9). The meniscal graft can 
function properly when implanted to the original anatomical 
position. Intraoperative anteroposterior horns can be fixed by 
two approaches, including direct suturing of the soft tissues 

of the anterior and posterior horns of the meniscus, and bone 
fixation of the anterior and posterior horns with bone anchors. 
A previous cadaveric study (11) demonstrated that lateral 
meniscus transplantation without a good anterior-posterior 
angulation will yield poor function similar to meniscal 
resection.

Following meniscal allograft transplantation without 
the use of bone anchor fixation, extensive cartilage degen-
eration will occur in the knee weight-bearing area (23). 
Alhalki et al (24) compared the contact mechanics of three 
fixation techniques of the meniscal anterior and posterior horn, 
including direct suturing, bone screw fixation, and a combina-
tion of the two. It was demonstrated that bone screw fixation 
was closest to the contact mechanics of the normal knee 
joint, and the combined use of two methods did not enhance 
the quality of meniscal fixation. These results indicated that 
meniscus transplantation requires anterior and posterior horn 
fixation, and that the biomechanical property of bone fixation 
is superior to that of the soft tissue suturing method (22-25). 
Bone fixation is currently the gold standard for meniscal 
allograft transplantation (13).

The meniscus anterior and posterior skeletal fixation 
methods include two techniques. First, the anterior and 
posterior horns of the meniscus are made into two bone 
plugs and implanted into the bone tunnels of the anterior and 
posterior horns of the tibial plateau. Second, a bone bridge 
between the anterior and posterior horns of the meniscus 
is maintained and implanted into the bone trough between 
the anterior and posterior horns of the meniscus of the tibial 
plateau. This can maintain the normal distance and anatomic 

Figure 10. Computed tomography image of the cross-sectional status of the 
bone bridge and bone trough. Arrow indicates the margin of the meniscus.
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relationship between the anterior and posterior horns of the 
native meniscus (1) and can be applied in medial or lateral 
meniscus transplantation. Because the anterior and posterior 
horns of the lateral meniscus are closer (1 cm or less) and 
there is no structure between the two horns, this technique 
is more applicable to lateral meniscus transplantation. The 
main problem is the lack of standard surgical instruments. 
Surgeons can only cut and grind bones manually to construct 
the bone trough and bridge. Without standardized instruments 
for measurement and cutting, it is difficult to ensure that the 
shape and size of the bone trough and bridge can be properly 
matched (8,15). The mismatch of shape and size between 
bone bridge and bone trough reduces the accuracy of surgery, 
and makes it difficult to achieve optimal stability of the 
anterior and posterior horns of the meniscus. Intraoperative 
graft construction is time-consuming and prolonged surgery 
increases the risk of surgery. Bone bridge implantation 
is an open surgery or small incision surgery rather than 
arthroscopic minimally invasive surgery (8). To accomplish 
the arthroscopic minimally invasive surgery, an arthroscopic 
and minimally invasive meniscal graft transplantation and 
corresponding surgical instruments were designed in the 
current study, which simplify the surgical procedures, increase 
surgical accuracy, enhance the stability of the bone bridge 
and bone trough and yield favorable outcomes. During bone 
bridge implantation, the cross-sectional shape of the anterior 
and posterior horns of the bone bridge and tibial plateau must 
be matched, which can be made into ‘keyhole’, ‘dovetail’ or 
trough shapes. ‘Keyhole’ and ‘dovetail’ shapes can be applied 
in open surgery and ‘small incision’ surgery in which the 
bone bridge can be inserted into the bone trough (8). Only 
the trough shape can be applied in arthroscopic minimally 
invasive surgery, as it is more convenient, safe and causes 
minimal trauma. Therefore, the bone bridge in trough method 
was used in this study.

The placement of the guide plate is a critical step in the 
surgical procedure. To obtain accurate medial and lateral posi-
tion of the meniscus in the coronal position, the guide plate 
must be positioned above the anterior and posterior horns of 
the original meniscus. The guide plate should be inclined at 
an angle consistent with the inclination of the tibial plateau 
surface. The precise depth of the bone trough depends on 
whether the guide plate adheres to the peak of the tibial plateau. 
C‑arm fluoroscopy can be performed to verify the position of 
the guide plate and needle when necessary.

The location of the meniscal allograft should be identical 
that of the original meniscus and adapted to the shape of 
the femoral condyle to deliver stress on the optimal area. It 
is necessary to ensure that the position of the bone trough is 
accurately determined. The positions of the traction wires on 
the transplanted meniscus are the same as those of the bone 
tunnel. After the insertion of the allogenic meniscus, the knee 
joint is allowed to move in a certain range of flexion and exten-
sion activities to verify whether the position of the femoral 
condyle is compatible with the position of the meniscus. The 
position where the least motion of the meniscus is obtained is 
the optimal position.

One of the key problems that can arise after allogeneic 
meniscal transplantation is extrusion of the allograft, with an 
incidence up to 87% (12). In the current study, a ‘four‑point 

fixation’ technique was adopted, in which the anterior horn, 
posterior horn, the junction of body of the meniscus and ante-
rior horn and the junction of body and the posterior horn were 
fixed to the corresponding anatomical positions on the tibial 
plateau, which effectively prevented and reduced the risk of 
extruded allograft.

The present study had certain limitations. It was a single 
center study with small sample size and was retrospective. 
Further prospective, multicenter studies with larger sample 
sizes are required to verify the current findings.

Intraoperatively, the sutures at the junction between the 
body and the anterior and posterior horns were relatively loose. 
During the knee flexion and extension activities, the meniscus 
graft could simulate the function of the normal meniscus. In 
the current study, the bone suturing technique was selected 
because alternative approaches, such as interface nails, would 
be likely to lead to bone bridge fracture or injury to the ante-
rior horn of the meniscus.

In conclusion, the surgical techniques and instruments used 
in this study could be used to standardize meniscal graft trans-
plantation and avoid the incidence of surgical errors caused 
by mismatched size and shape of the bone bridge and bone 
trough. The four‑point fixation of the tibial plateau facilitates 
and enhances the stability of the meniscal allograft, reducing 
the risk of meniscal extrusion, which ensures the postoperative 
recovery of meniscal function.
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