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Abstract

Objective The objective of this study is to assess and compare the clinical efficacy of “Figure-8”banding and double-
row anchor suture-bridge fixation techniques in the arthroscopic management of tibial intercondylar eminence
avulsion fractures.

Method A retrospective analysis was conducted on the medical records of 42 patients who underwent arthroscopic
surgery for tibial intercondylar eminence fractures at our institution from June 2017 to June 2022. This cohort
included 20 cases treated with “Figure-8"banding and 22 cases managed using double-row anchor suture-bridge
fixation. Comparative assessments were made regarding operative duration, duration of fracture consolidation,
postoperative knee joint range of motion, joint stability as assessed by the Lachman test, Lysholm score, and
International Knee Documentation Committee (IKDC) functional score for both treatment groups.

Results The mean follow-up duration was 13.8 months. The analysis indicated that the double-row anchor suture-
bridge group had a significantly longer operative duration compared to the “Figure-8”banding group (p < 0.05).
Postoperative computed tomography (CT) scans confirmed successful reduction in both groups, with fracture
consolidation achieved within an average of three months. Both groups showed significant improvements in
postoperative knee range of motion, joint stability, and functional scores compared to preoperative measurements
(p<0.05). During the initial two-month post-surgery, the double-row anchor suture-bridge group demonstrated
superior knee joint range of motion and functional scores compared to the “Figure-8”banding group (p <0.05);
however, these differences were not statistically significant beyond three months post-surgery (p>0.05). By the one-
year postoperative mark, joint stability outcomes were comparable between the two treatment groups (p > 0.05).

Conclusion Both “Figure-8"banding and double-row anchor suture-bridge fixation techniques in the arthroscopic
management of tibial intercondylar eminence avulsion fractures can achieve precise reduction and stable fixation.
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In addition, the figure-8 suture group has the characteristics of shorter surgery time and less cost. Notably, early
postoperative knee function appears to be superior with double-row anchor suture-bridge fixation compared to

“Figure-8"banding.

Keywords Arthroscopy, Fracture fixation, Suture anchor, Suture techniques, Tibial intercondylar eminence fractures

Introduction

Tibial intercondylar eminence avulsion fractures primar-
ily affect adolescents; however, their incidence in adults
is increasing due to sports injuries and traffic accidents.
Ensuring anatomical reduction and stable internal fixa-
tion is crucial for restoring knee function across all age
groups [1, 2]. These fractures were initially categorized
by Meyers and McKeever into three types, with Zaric-
znyj later expanding the classification to include a com-
minuted fracture type. Surgical intervention is typically
recommended for Types II, III, and IV fractures. Type
I involves incomplete displacement; Type II features a
beak-like displacement with the anterior part elevated
but the posterior part not fully displaced; and Type III is
characterized by complete displacement [3].

Arthroscopic reduction and fixation have become
the preferred method due to its minimal invasiveness,
reduced pain, and lower complication rates [4]. The
“Figure-8” suture technique has gained wide acceptance
in China and internationally due to its minimal trauma
and rapid recovery benefits for managing these fractures
[5-7]. However, recent findings indicate potential limita-
tions in posterior fixation, leading to hindered postopera-
tive knee rehabilitation, particularly for Types III and IV
fractures with rotatory displacement [8, 9].

Alternative approaches, such as the mesh suture tech-
nique and the double-row anchor suture-bridge tech-
nique, have demonstrated promising results in improving
fracture fixation [10, 11]. Despite these advancements,
there is a scarcity of comparative studies assessing these
fixation techniques, and a comprehensive assessment of
their advantages and disadvantages is lacking.

In this retrospective study, we analyzed clinical data
from patients with ACL tibial intercondylar eminence
avulsion fractures treated with either the “Figure-8”
banding or double-row anchor suture-bridge fixation
technique. We compared surgical durations and post-
operative knee function recovery to determine any sig-
nificant differences in surgical time and early clinical
outcomes between the two techniques, with the goal of
identifying the most effective treatment approach.

Materials and methods

General materials

Surgeries and follow-up assessments in this study were
randomly assigned and conducted by two experienced
surgeons without the involvement of a third-party

objective assessor, which could introduce bias in the eval-
uation of knee joint functionality.

This study included a cohort of 45 patients who under-
went surgery for tibial intercondylar eminence fractures
at the Department of Sports Medicine in our hospital
between June 2017 and June 2022. Three patients with
complications were excluded based on the inclusion and
exclusion criteria, resulting in a final study cohort of 42
patients. These patients were divided into two groups
based on the surgical technique employed: the “Fig-
ure-8” banding group (2=20) and the double-row anchor
suture-bridge group (n=22). The “Figure-8” banding
group consisted of 11 males and 9 females, aged between
19 and 39 years, with an average age of 31.10+6.13 years.
The double-row anchor suture-bridge group comprised
12 males and 10 females, aged between 20 and 38 years,
with an average age of 31.32+5.21 years. The primary
causes of injury in both groups included traffic accidents,
falls, or sports injuries, with fractures classified as Type
II, Type III, or Type IV. No significant differences in
demographic data were observed between the groups, as
detailed in Tables 1 and 2.

Inclusion and exclusion criteria
Inclusion criteria:

1. Patients clinically diagnosed with Type II, Type III,
or Type IV tibial intercondylar eminence fractures,
as per the modified Meyers—McKeever classification,
and deemed suitable for surgical intervention.

2. Patients with optimal limb function prior to the tibial
intercondylar eminence fracture.

3. Patients who exhibited good adherence to treatment
protocols and could reliably provide clinical data
feedback.

Exclusion criteria:

1. Patients with conditions compromising knee
joint stability, such as multiple ligament injuries,
osteochondral lesions, or tibial plateau fracture
displacement.

2. Patients with severe cardiac, hepatic, or renal
diseases.

3. Patients with bone metastases from malignant
tumors or congenital skeletal abnormalities.

4. Adolescents under 18 years of age with incomplete
growth plate closure.
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Table 1 Comparison of basic data between the two patient groups

Group Gender ratio Age¢(T £ s, Causeofinjury? Fracture Interval from Follow-up
#(male/female, years) (sports injuries/traf-  types 2 (ii/iii/  injury to surgery ¢ duration
n/n) fic accidents/falls, iv, n/n/n) (m(p,5,p;5), days) bz +s,

n/n/n) months)

“Figure-8"banding group 11/9 31.10£6.13 6/10/4 7/10/3 3.00(2.25,3.75) 13.75+1.32

Double-row anchor suture- 12/10 31.32+521 5/14/3 8/12/2 3.00(2.00,4.00) 1401+145

bridge group

x* value / t-value 0.001 -0.125 0.807 0354 -0.013 -0614

P-value 0.976 0.901 0.668 0.838 0.989 0.543

Note: a: Fisher’s exact test; b: Wilcoxon rank-sum test; c: Independent samples t-test

Table 2 Comparison of surgical duration between the two patient groups

Group Surgical duration Postoperative fracture T-value P-value

(minutes) healing time (month)
Figure-8"banding group 67.55+3.90 3.06+0.13 -16.422a/1.272° <0.001%/0.211°
Double-row anchor suture-bridge group  86.00+3.38 301£0.11

Note: a: Surgical duration; b:Postoperative fracture healing time

The study received approval from the ethics committee
(approval number: Yan Shan Lun Zheng 2024042) of the
hospital. Informed consent was obtained from all par-
ticipants. All surgical procedures were conducted by the
same experienced surgeon.

Surgical technique

Continuous epidural anesthesia was administered as the
primary anesthesia. Patients were positioned supine with
a sterilized towel pad placed underneath the knee, which
was flexed at a 90-degree angle for arthroscopy. The
procedure was performed through standard anterolat-
eral and anteromedial portals. Initial steps included the
inspection and cleansing of the joint cavity to eliminate
hemarthrosis, blood clots, and synovial tissue that could
obstruct visibility. Scar fibrous tissue on the avulsed bone
fragments was excised. The avulsed bone fragments were
then repositioned using a medical probe or curette to
ensure the accurate placement and tension of the ACL.

“Figure-8” Banding group

After reducing the fracture fragments, 2.0 mm Kirschner
wires were inserted into the anteromedial and anterolat-
eral edges of the attachment area of the bone fragment,
positioned 2 to 3 mm from the edge under locator guid-
ance. PDS sutures were introduced using a spinal needle,
and a suture hook was used to navigate between the
ACL and the avulsed bone fragment. Double strands of
OrthoCord suture were threaded in a figure-8 configura-
tion, pulled through the tibial bone tunnel, and tightened
to secure the reduced bone fragment into place with an
extracortical anchor (as depicted in Figs. 1A and 2A).

Double-row anchor suture-bridge group
In this approach, following the reduction of the frac-
ture bed attachment, internal suture anchors (4.5 mm,

produced by Johnson & Johnson) were positioned into
the posterior medial or lateral locations of the attach-
ment. A suture hook was then used to draw the anchor
suture through the bone. Subsequently, 2.0 mm Kirschner
wires were drilled into the anteromedial and anterolat-
eral edges of the attachment area, positioned 2 to 3 mm
from the edge, under locator guidance. PDS sutures were
introduced using a spinal needle, and the anchor sutures
were pulled through the tibial bone tunnel and tightened.
The bone fragment was pressed down in a suture-bridge
manner under arthroscopic observation, effectively
restoring the tension of the ACL. An extracortical anchor
at the tibial end secured the suture in place (as illustrated
in Figs. 1B and 2B).

Postoperative management for all patients included
pain management, prevention of lower limb venous
thrombosis, and antibiotic prophylaxis against infec-
tion. Follow-up computed tomography (CT) scans post-
surgery demonstrated effective reduction (as shown in
Fig. 3).

Rehabilitation

The rehabilitation protocol comprised of 2 weeks of non-
weight-bearing ambulation with crutches for the affected
limb and passive flexion exercises for the knee, followed
by 4 weeks of active flexion exercises up to 90° with par-
tial weight-bearing using crutches. Subsequently, 8 weeks
of complete knee joint activity and full weight-bearing
were implemented, succeeded by 3 months of low-inten-
sity exercise.

Observational indicators

The degree of reduction and healing of avulsion fractures
in the two groups were evaluated by CT and magnetic
resonance imaging at the first, second, and third months
postoperatively. Operation duration, fracture healing
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Fig. 1 (A) Schematic Diagram of “Figure-8" Banding. Two sutures passed through the ACL stop and crossed. The sutures were drawn from the medial
tibial cortex by the bone passages on both sides in front of the avulsion bone mass of the ACL, and then fixed outside the tibial cortex with 2 anchors. (B)
Schematic Diagram of Anchor Suture. An internal row of anchors was driven into the bone bed under the avulsion bone block, suture hooks were inserted
through the bone block to extract sutures, which were crossed, and the sutures were extracted from the medial tibial cortex by the bone canal on both
sides in front of the avulsion bone block of the ACL, and then fixed outside the tibial cortex with 2 external row anchors

duration, knee joint range of motion at 1, 2, 3, 6, and 12
months postoperatively, and knee joint stability (assessed
by the Lachman test for tibial displacement) at 1 year
postoperatively were analyzed between the two groups.
Additionally, knee joint function (Lysholm score and
IKDC score: preoperative, and at 1, 2, 3, 6, and 12 months
postoperatively) was compared between the two groups.

Statistical methods

Statistical analysis was performed using SPSS 26.0 soft-
ware. Normally distributed data, confirmed via the
Shapiro—Wilk test, are expressed as meanzstandard
deviation, while skewed data are presented as median
(P,5, P-5). Gender composition ratio, cause of injury, and
types of fractures between the groups were analyzed
using the chi-squared test. Age and follow-up time were
compared using the independent samples ¢-test, while
the interval from injury to surgery was assessed with
the Wilcoxon rank-sum test. Early postoperative stabil-
ity, mobility, Lysholm scores, and IKDC scores at vari-
ous time points between the groups were assessed using
two-way repeated measures ANOVA, followed by the
LSD-t test for multiple comparisons. Long-term post-
operative mobility, Lysholm scores, and IKDC scores

comparisons between the groups were analyzed using the
Wilcoxon rank-sum test and the independent samples
t-test, respectively. A confidence interval (CI) of 95% was
employed, and a p-value<0.05 was considered statisti-
cally significant.

Results

After 1, 2, and 3 months, CT scans confirmed that suc-
cessful reduction of fracture was achieved during surgery
in both groups, and bone healing of avulsed fragments
was completed within 3 months. No complications,
such as infection or impairment in knee extension, were
reported.

Operation duration

The average operation duration was 67.55£3.90 min for
the “Figure-8” banding group and 86.00%+3.38 min for
the double-row anchor suture-bridge group (p<0.001).
The mean healing time between the two groups was 3.06
months and 3.01 months, and there was no significant
difference, as depicted in Table 2.
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Fig. 2 (A, B) Arthroscopic Image of “Figure-8"Banding. (C) Arthroscopic images of internal row anchors driven into the bone bed of avulsion bone mass
in the double-row suture bridge technique. (D) Arthroscopic image of the avulsion bone mass under suture pressure with double row suture bridge
technique

Postoperative knee range of motion

Early postoperative comparison (first and second
months) of knee range of motion between the two groups
revealed a statistically significant difference (p<0.001).
However, later comparisons (third, sixth, and twelfth
months) showed no significant difference in range of
motion at 3, 6, and 12 months postoperatively (p>0.05),
as presented in Fig. 4.

Postoperative 12-month joint stability Lachman test

Pre-operative comparisons of the Lachman test results
between the two groups indicated no significant differ-
ence (chi-squared value 0.456, p=0.910). Postoperative
comparisons also indicated no significant difference (chi-
squared value 0.612, p=0.886). Within-group compari-
sons pre- and postoperatively in the “Figure-8” banding

group indicated a significant difference (chi-squared
value 28.867, p<0.001), as was the case in the double-row
anchor suture-bridge group (chi-squared value 38.509,
p<0.001), as illustrated in Fig. 5.

Lysholm score

There was a significant difference in Lysholm scores
between the groups in the first and second month post-
operatively (»p<0.001), but no significant difference was
observed in the third, sixth, and twelfth month (p>0.05),
as depicted in Fig. 6.

IKDC score

IKDC scores differed significantly between the two
groups at the first and second month postoperatively
(p<0.001). However, there was no significant difference
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Fig. 3 (A) Preoperative CT, fracture avulsion comminution and displacement in a 35-year-old male patient with fracture Type 4. (B) CT examination after
3 months of surgery, anchor implantation and fracture healing
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in the third, sixth, and twelfth month (p>0.05), as pre-
sented in Fig. 7.

Discussion

In clinical practice, the significance of achieving ana-
tomical reduction of intercondylar eminence avulsion
fractures is frequently emphasized to improve internal
fixation and restore the length and tension of the ACL.
This restoration facilitates the early initiation of joint
function exercises. While Type I fractures and certain
Type II fractures that achieve anatomical reduction can
be managed with knee extension or slight flexion (20°-
30°) using plaster external fixation for 6 to 12 weeks,
the optimal treatment approach for Type II tibial inter-
condylar eminence fractures remains a subject of debate
among clinicians [4]. Some researchers advocate for

percutaneous drainage of hemarthrosis coupled with
closed reduction surgery to enhance pain relief and
increase the success rate of reduction [12]. However,
arthroscopic examinations have revealed soft tissue
interposition at the fracture site in a subset of patients,
rendering closed reduction ineffective. Additionally,
plaster fixation may lead to complications such as non-
union and knee instability. Consequently, there is a grow-
ing consensus recommending surgical intervention for
Type III and IV fractures to maximize knee joint stabil-
ity, reduce the necessity for ACL reconstruction, shorten
fixation duration, enhance joint flexion and extension
range, and minimize complication risks [13].

Currently, common surgical approaches include
arthroscopic fracture reduction with internal fixation
and traditional open reduction with internal fixation
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(ORIF) [14]. Various internal fixation materials like wires,
screws, sutures, and suture anchors are employed, with
a reliable fixation method needing to withstand a cyclic
load of 300-450 N to avoid failure [15]. Screw fixation,
noted for its cost-effectiveness, ease of operation, and
strong initial fixation strength, has demonstrated signifi-
cant treatment success [16]. However, challenges include
potential impingement in the intercondylar notch, carti-
lage damage, further bone fragment fragmentation dur-
ing screw insertion, and growth plate damage in patients
with incomplete skeletal development [17]. Additionally,
some studies indicate suture fixation provides greater
strength than screw fixation, effectively securing small or
comminuted fragments [18]. As a result, suture fixation
has emerged as the preferred method in arthroscopic
surgery.

Arthroscopic reduction and internal fixation repre-
sent a minimally invasive treatment approach. Although
initial studies indicated that arthroscopic surgery gen-
erally required more time than traditional open reduc-
tion and internal fixation, advancements in arthroscopic
techniques have resulted in surgical durations compa-
rable to or even shorter than those of open procedures
[19]. Arthroscopy provides a less invasive method to
approach these lesions, reducing the risks related to open
techniques such as soft-tissue damage, post-operative
pain, infection, and a longer period of hospital stay [20].
Arthroscopy enables the assessment of intra-articular
avulsion fractures and ACL injuries, allowing for precise
reduction and secure fixation. This method facilitates
early rehabilitation, involves smaller incisions, promotes
rapid recovery, reduces postoperative pain, and shortens

the length of hospital stays, thereby providing distinct
advantages [5]. Consequently, arthroscopic reduction
and internal fixation has become the favored treatment
for such fractures.

“Figure-8" Suture fixation

The “Figure-8” suture fixation technique is widely uti-
lized in clinical practice due to its simplicity, cost-effec-
tiveness, reliability, and significant therapeutic outcomes
[21]. To mitigate the risk of tibial physeal fractures in
patients with immature skeletal development, clinical
researchers have introduced modifications to the suture
fixation approach. Mutchamee et al. proposed a method
involving the passage of a high-strength suture through
two crossed bone tunnels, securing it at the tunnel exits
either by knotting or with screw fixation, thus providing
stable fixation via a suture-bridge without intra-articular
involvement and avoiding associated complications [22].
Mann et al. advocated for the use of four 2.9 mm bone
tunnels to minimize the potential complications associ-
ated with the utilization of two 5 mm tunnels [23]. Zhou
et al. employed two soft tissue tunnels and a single trans-
verse bone tunnel beneath the tibial tuberosity instead
of the conventional trans-tibial bone tunnel, reducing
the impact on the tibial physis [24]. Suture fixation also
lessens the adverse effect on the blood supply of the ACL
by creating a circumferential ligature at its base [25].
There are numerous studies on refining suture fixation
techniques. However, “Figure-8” suture fixation primar-
ily compresses the anterior segment, leading to chal-
lenges in effectively securing the posterior segment of
the avulsed bone fragment. Long-term observations have
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identified an increased risk of posterior loosening and
displacement.

In our study cohort, due to concerns regarding the risk
of posterior displacement, a more cautious approach was
taken for postoperative knee rehabilitation exercises. This
may account for the lower knee joint range of motion
and functional scores observed during the first and sec-
ond months postoperatively compared to the double-row
anchor suture-bridge group. However, subsequent fol-
low-ups after three months confirmed the healing of the
avulsed bone fragment, with no significant differences in
knee joint range of motion and functional scores.

Double-row anchor suture-bridge fixation

The double-row anchor suture-bridge fixation method is
well-suited for addressing various types of tibial intercon-
dylar eminence fractures, including the more complex
Type IV fractures, by providing robust fixation capable of
withstanding tension effectively. Additionally, it circum-
vents potential risks associated with implant damage and
collisions in the intercondylar fossa, unlike traditional
internal fixation methods, thereby eliminating the need
for secondary surgery to remove the fixation device. The
even distribution of force across multiple sutures ensures
a more stable reduction and fixation without increasing
the likelihood of penetrating bone fragments [26]. She et
al. successfully applied the multiple tape suture anchor
bridge technique to decompress fracture fragments,
achieving anatomical reduction and stable internal fixa-
tion for tibial intercondylar eminence fractures [27].
In the center of the tibial bed, Li et al. adopted a suture
anchor fixation strategy to both reduce fractures and
enhance ligament stability during movement, by using
two to three suture anchors at the edge of the bed for
mattress sutures to secure the stability of the bone frag-
ment [28]. Although tape anchors are effective in treat-
ing tibial intercondylar eminence fractures, they demand
higher arthroscopic skill levels compared to suture fixa-
tion. The surgical duration for this group tends to exceed
that of the “Figure-8” banding group, primarily due to
the time involved in inserting intraosseous anchors and
using a suture hook to thread the suture anchor through
the bone. Hapa et al. observed that suture anchor fixation
leads to less displacement in tibial tuberosity fractures
than suture tie fixation [29]. The technique mirrors the
suture-bridge method used in rotator cuff repair—apply-
ing a suture-bridge for ACL ligament avulsion bone frag-
ments and compressing the fragment from various angles
in a planar manner. This approach not only mitigates the
risk of bone penetration but also ensures a robust fixa-
tion, thereby enabling early commencement of knee joint
functional exercises. Furthermore, the exit of the suture
through the tibial bone tunnel and its fixation with an
extracortical anchor under arthroscopic observation
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ensure closer adhesion of the avulsed bone fragment to
the bone bed, achieving a firmer fixation. Consequently,
in the initial postoperative one and two months, this
group exhibited superior outcomes in terms of knee joint
stability, mobility, and functional scores compared to the
“Figure-8” banding group. For these reasons, from a bio-
mechanical point of view, the double-row anchor bridge
group is particularly suitable for Type 3 and Type 4 avul-
sion fractures.

Both groups achieved fracture healing at three months
postoperatively, with postoperative knee joint stabil-
ity follow-up (drawer test, Lachman test) and functional
scores all surpassing preoperative levels. However, there
was no statistical difference between the groups, indicat-
ing that both double-row anchor suture-bridge fixation
and “Figure-8” suturing could achieve favorable fixation
effects.

Limitations

This study is constrained by several limitations. On the
one hand, the small sample size may lead to an uneven
distribution of patients with different types of frac-
tures, potentially impacting the comparative effective-
ness between the two groups. On the other hand, due to
financial constraints, postoperative patient follow-up was
conducted at 1 month, 2 months, 3 months, 6 months,
and 12 months using radiography, CT, and functional
scoring. This approach lacks precision in determining the
exact timing of fracture healing and functional recovery
scores. Future research should aim to increase the sample
size, enhance the frequency of follow-up assessments,
and incorporate third-party assessments to ensure more
accurate and reliable comparative study results.

Conclusion

Both arthroscopic “Figure-8” banding and double-row
anchor suture-bridge fixation are effective in achiev-
ing precise reduction and stable fixation of tibial inter-
condylar eminence avulsion fractures. In addition, the
figure-8 suture group has the characteristics of shorter
surgery time and less cost. However, the double-row
anchor suture-bridge fixation technique offers superior
outcomes in terms of early postoperative knee joint range
of motion and knee joint functional scores when treating
ACL avulsion fractures.

Abbreviations
IKDC  International knee documentation committee
ACL Anterior cruciate ligament

Author contributions

Zhang GD and Qu WQ conceived the idea and conceptualised the study.Zou
Y, Sun XJ and Liu KG collected the data.Zhang GD and Qu WQ analysed and
interpreted the data.Zhang GD, Sun XJ and Liu KG statistically analyzed the
data.Zhang GD, Qu WQ and Zou Y drafted the manuscript. Zhang GD, Qu WQ
made critical revisions to the intellectual content of the manuscript.All authors
read and approved the final draft.



Zhang et al. Journal of Orthopaedic Surgery and Research

Funding
This research received no specific grant from any funding agency in the
public, commercial, or not-for-profit sectors.

Data availability
The datasets used or analyzed during the current study are available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was conducted with approval from the Ethics Committee of
Yantaishan Hospital (No. 2024042). This study was conducted in accordance
with the declaration of Helsinki. Written informed consent was obtained from
all participants.

Competing interests
The authors declare no competing interests.

Author details

'Yantai Key Laboratory for Repair and Reconstruction of Bone & Joint,
No.91 Jiefang Road, Zhifu District, Yantai 264003, China

2 Department of Orthopedics, Yantaishan Hospital, No.9! Jiefang Road,
Zhifu District, 264003 Yantai, China

Received: 27 March 2024 / Accepted: 24 September 2024
Published online: 16 October 2024

References

1. Lafrance RM, Giordano B, Goldblatt J, Voloshin I, Maloney M. Pediatric tibial
eminence fractures: evaluation and management. J Am Acad Orthop Surg.
2010;18(7):395-405. https://doi.org/10.5435/00124635-201007000-00002.
PMID: 20595132,

2. Jang KM, Bae JH, Kim JG, Wang JH. Novel arthroscopic fixation method for
anterior cruciate ligament tibial avulsion fracture with accompanying detach-
ment of the anterior horn of the lateral meniscus: three-point suture fixation.
Injury. 2013;44(8):1028-32. https://doi.org/10.1016/].injury.2012.12.008. Epub
2013 Jan 8. PMID: 23312375.

3. Meyers MH, McKeever FM. Fracture of the intercondylar eminence of the
tibia. J Bone Joint Surg Am. 1970;52(8):1677-84. PMID: 5483091.

4. Zaricznyj B. Avulsion fracture of the tibial eminence: treatment by open
reduction and pinning. J Bone Joint Surg Am. 1977,59(8):1111-4. PMID:
591548.

5. Jadskeld M, Turati M, Lempainen L, Bremond N, Courvoisier A, Henri
A, Accadbled F, Sinikumpu J. Long-term outcomes of tibial spine
avulsion fractures after Open Reduction with Osteosuturing Ver-
sus arthroscopic screw fixation: a Multicenter comparative study.

Orthop J Sports Med. 2023;11(6):23259671231176991. https://doi.
0rg/10.1177/23259671231176991. PMID: 37359980; PMCID: PMC10286196.

6. Gans |, Baldwin KD, Ganley TJ. Treatment and management outcomes of tibial
eminence fractures in Pediatric patients: a systematic review. Am J Sports
Med. 2014;42(7):1743-50. https://doi.org/10.1177/0363546513508538. Epub
2013 Nov 20. PMID: 24256714.

7. Zhao J, Huangfu X. Arthroscopic treatment of nonunited anterior cruciate
ligament tibial avulsion fracture with figure-of-8 suture fixation technique.
Arthroscopy. 2007;23(4):405 - 10. https://doi.org/10.1016/j.arthro.2006.12.008.
PMID: 17418334.

8. SunCDuR, LuoS, Chen L, Ma Q, Cai X. A New Arthroscopic Tightrope
suture-button fixation Procedure for tibial eminence avulsion fracture. J Knee
Surg. 2023;36(2):132-8. https://doi.org/10.1055/5-0041-1731326. Epub 2021
Jun 29. PMID: 34187070.

9. LiaoW, LiZ, Zhang H, Li J, Wang K, Yang Y. Arthroscopic fixation of tibial
eminence fractures: a clinical comparative study of Nonabsorbable sutures
Versus Absorbable suture anchors. Arthroscopy. 2016;32(8):1639-50. https://
doi.org/10.1016/j.arthro.2016.01.032. Epub 2016 Apr 1. PMID: 27039964.

10. Sawyer GA, Hulstyn MJ, Anderson BC, Schiller J. Arthroscopic suture
bridge fixation of tibial intercondylar eminence fractures. Arthrosc Tech.
2013,2(4):e315-8. https://doi.org/10.1016/j.eats.2013.04.004. PMID: 24400173;
PMCID: PMC3882679.

(2024) 19:663

20.

21.

22.

23.

24.

25.

26.

27.

28.

Page 10 of 11

Mann MA, Desy NM, Martineau PA. Suture bridge fixation for tibial emi-
nence fractures. Arthroscopy. 2013;29(3):401-2. https://doi.org/10.1016/].
arthro.2012.12.014. PMID: 23544683.

Janarv PM, Westblad P, Johansson C, Hirsch G. Long-term follow-up of
anterior tibial spine fractures in children. J Pediatr Orthop. 1995 Jan-
Feb;15(1):63 -8. https://doi.org/10.1097/01241398-199501000-00014. PMID:
7883930.

Jiang J, Chen J. [Arthroscopic double strand wire fixation anteriorly and
posteriorly to anterior cruciate ligament for tibial intercondylar eminence
fracture]. Zhonghua Yi Xue Za Zhi. 2014,94(39):3091-4. Chinese. PMID:
25549686.

Aratake M, Akamatsu Y, Mitsugi N, Taki N, Ota H, Shinohara K, Kobayashi H,
Saito T. Arthroscopic suture fixation in patients with a tibial intercondylar
eminence fracture using a simple device to penetrate the anterior cruci-
ate ligament. Asia-Pacific J Sports Med Arthrosc Rehabilitation Technol.
2014;1(2):67-71.

Brunner S, Vavken P, Kilger R, Vavken J, Rutz E, Brunner R, Camathias C.
Absorbable and non-absorbable suture fixation results in similar outcomes
for tibial eminence fractures in children and adolescents. Knee Surg Sports
Traumatol Arthrosc. 2016;24(3):723-9. https://doi.org/10.1007/500167-015-
3844-9. Epub 2015 Oct 31. PMID: 26520645.

Xu P, Liu LC, Chen QJ, Yang P, Chen XB, Xie XP. The clinical effect and safety
of the treatment of tibia intercondylar eminence fracture with cannulated
screw and suture fixation under arthroscope: protocol for a systematic
review and meta-analysis of randomized controlled trials. Med (Baltim).
2020;99(23):220609. https://doi.org/10.1097/MD.0000000000020609. PMID:
32502035; PMCID: PMC7306327.

Tuca M, Bernal N, Luderowski E, Green DW. Tibial spine avulsion fractures:
treatment update. Curr Opin Pediatr. 2019;31(1):103-111. https://doi.
0rg/10.1097/MOP0000000000000719. PMID: 30531228.

Strauss EJ, Kaplan DJ, Weinberg ME, Egol J, Jazrawi LM. Arthroscopic Manage-
ment of Tibial Spine Avulsion Fractures: Principles and Techniques. J Am
Acad Orthop Surg. 2018;26(10):360-367. https://doi.org/10.5435/JAAOS-
D-16-00117. PMID: 29688959.

Watts CD, Larson AN, Milbrandt TA. Open Versus Arthroscopic Reduction

for Tibial Eminence Fracture Fixation in Children. J Pediatr Orthop. 2016
Jul-Aug;36(5):437-9. https://doi.org/10.1097/BPO.0000000000000476. PMID:
25887823.

Osti L, Buda M, Soldati F, Del Buono A, Osti R, Maffulli N. Arthroscopic treat-
ment of tibial eminence fracture: a systematic review of different fixation
methods. Br Med Bull. 2016;118(1):73-90. https://doi.org/10.1093/bmb/
I[dwO018. Epub 2016 May 5. PMID: 27151952; PMCID: PMC5127426.

Kieser DC, Gwynne-Jones D, Dreyer S. Displaced tibial intercondylar emi-
nence fractures. J Orthop Surg (Hong Kong). 2011;19(3):292-6. https://doi.
0rg/10.1177/230949901101900306. PMID: 22184157.

Mutchamee S, Ganokroj P. Arthroscopic transosseous suture-bridge fixa-
tion for anterior cruciate ligament tibial avulsion fractures. Arthrosc Tech.
2020,9(10):21607-11. https://doi.org/10.1016/j.eats.2020.05.005. PMID:
33134068; PMCID: PMC7586735.

Mann MA, Desy NM, Martineau PA. A new procedure for tibial spine avulsion
fracture fixation. Knee Surg Sports Traumatol Arthrosc. 2012;20(12):2395-

8. https://doi.org/10.1007/500167-012-1906-9. Epub 2012 Jan 24. PMID:
22270677.

ZhouY, Deng G, She H, Zhou'Y, Xiang B, Bai F. Arthroscopic percutaneous
pullout suture transverse tunnel technique repair for tibial spine fractures

in skeletally immature patients. Int Orthop. 2023;47(5):1353-60. https://doi.
0rg/10.1007/500264-023-05756-3. Epub 2023 Mar 9. PMID: 36892620.
Verdano MA, Pellegrini A, Lunini E, Tonino P, Ceccarelli F. Arthroscopic absorb-
able suture fixation for tibial spine fractures. Arthrosc Tech. 2013;3(1):e45-8.
https://doi.org/10.1016/j.eats.2013.08.016. PMID: 24749022; PMCID:
PMC3986477.

Sharma H, Singh GK, Gupta M, Moss M. Type IIB tibial intercondylar eminence
fracture associated with a complex knee dislocation in a grossly obese
adult. Knee Surg Sports Traumatol Arthrosc. 2005;13(4):313-6. https://doi.
0rg/10.1007/500167-004-0520-x. Epub 2004 Oct 1. PMID: 15875163.

She Y, Guo D, Chen G, Xu Y. Therapeutic efficacy of arthroscopy-assisted
transosseous fixation with the Versalok suture anchor for tibial eminence frac-
tures in adults. Med (Baltim). 2021;100(23):26284. https://doi.org/10.1097/
MD.0000000000026284. PMID: 3411503 1; PMCID: PMC8202665.

LiJ, Liu G Li Z FuY,Yang Y, Zhang Q. Arthroscopic fixation for tibial eminence
fractures: comparison of double-row and Transosseous Anchor Knot fixation


https://doi.org/10.5435/00124635-201007000-00002
https://doi.org/10.1016/j.injury.2012.12.008
https://doi.org/10.1177/23259671231176991
https://doi.org/10.1177/23259671231176991
https://doi.org/10.1177/0363546513508538
https://doi.org/10.1016/j.arthro.2006.12.008
https://doi.org/10.1055/s-0041-1731326
https://doi.org/10.1016/j.arthro.2016.01.032
https://doi.org/10.1016/j.arthro.2016.01.032
https://doi.org/10.1016/j.eats.2013.04.004
https://doi.org/10.1016/j.arthro.2012.12.014
https://doi.org/10.1016/j.arthro.2012.12.014
https://doi.org/10.1097/01241398-199501000-00014
https://doi.org/10.1007/s00167-015-3844-9
https://doi.org/10.1007/s00167-015-3844-9
https://doi.org/10.1097/MD.0000000000020609
https://doi.org/10.1097/MOP.0000000000000719
https://doi.org/10.1097/MOP.0000000000000719
https://doi.org/10.5435/JAAOS-D-16-00117
https://doi.org/10.5435/JAAOS-D-16-00117
https://doi.org/10.1097/BPO.0000000000000476
https://doi.org/10.1093/bmb/ldw018
https://doi.org/10.1093/bmb/ldw018
https://doi.org/10.1177/230949901101900306
https://doi.org/10.1177/230949901101900306
https://doi.org/10.1016/j.eats.2020.05.005
https://doi.org/10.1007/s00167-012-1906-9
https://doi.org/10.1007/s00264-023-05756-3
https://doi.org/10.1007/s00264-023-05756-3
https://doi.org/10.1016/j.eats.2013.08.016
https://doi.org/10.1007/s00167-004-0520-x
https://doi.org/10.1007/s00167-004-0520-x
https://doi.org/10.1097/MD.0000000000026284
https://doi.org/10.1097/MD.0000000000026284

Zhang et al. Journal of Orthopaedic Surgery and Research

29.

techniques with suture anchors. Med Sci Monit. 2018;24:7348-56. PMID:
30318505; PMCID: PMC6198712.

Hapa O, Barber FA, Stiner G, Ozden R, Davul S, Bozdag E, Stinbiloglu

E. Biomechanical comparison of tibial eminence fracture fixation with
high-strength suture, EndoButton, and suture anchor. Arthroscopy.
2012;28(5):681-7. https://doi.org/10.1016/j.arthro.2011.10.026. Epub 2012 Jan
30. PMID: 22284410.

(2024) 19:663 Page 11 of 11

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1016/j.arthro.2011.10.026

	﻿Comparative clinical efficacy of “Figure-8” Banding and double-row anchor suture-bridge fixation in arthroscopic management of tibial intercondylar eminence avulsion fractures
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿General materials
	﻿Inclusion and exclusion criteria
	﻿Surgical technique
	﻿“Figure-8” Banding group
	﻿Double-row anchor suture-bridge group


	﻿Rehabilitation
	﻿Observational indicators
	﻿Statistical methods
	﻿Results
	﻿Operation duration
	﻿Postoperative knee range of motion
	﻿Postoperative 12-month joint stability Lachman test
	﻿Lysholm score
	﻿IKDC score

	﻿Discussion
	﻿“Figure-8” Suture fixation
	﻿Double-row anchor suture-bridge fixation
	﻿Limitations

	﻿Conclusion
	﻿References


