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Retrospective Study
Therapeutic effect of two methods on avulsion fracture of tibial insertion of anterior

cruciate ligament

Abstract

BACKGROUND

The tibial stop of anterior cruciate ligament (ACL) is fan-shaped and attached to the
medial groove in front of the intercondylar spine, which is located between the anterior
horn of the medial and lateral meniscus. The incidence of this fracture is low previously
reported, which is common in children and adolescents. With the increase of sports injury
and traffic injury and the deepening of understanding, it is found that the incidence of

the disease is high at present.

AIM
To explore the difference between open reduction and internal fixation with small
incision and high-intensity non-absorbable suture under arthroscopy in the treatment of

tibial avulsion fracture of ACL.

METHODS

Seventy-six patients with tibial avulsion fracture of anterior cruciate ligament diagnosed
and treated in Guanyun County People's Hospital from April 2018 to June 2020 were
retrospectively analyzed. According to the surgical methods, they were divided into
group A (40 cases) and group B (36 cases). Patients in group A were treated with
arthroscopic high-strength non-absorbable suture, and patients in group B were treated

with small incision open reduction and internal fixation. The operation time, fracture

1/16




healing time, knee joint activity and functional score before and after operation, and

surgical complications of the two groups were compared.

RESULTS

The operation time of group A was higher than that of group B, and the difference was
statistically significant (P < 0.05); the fracture healing time of group A was compared with
that of group B, and the difference was not statistically significant (P > 0.05); The knee
joint function activity was compared between two groups before operation, 3 mo and 6
mo after operation, and the difference was not statistically significant (P > 0.05); the knee
joint function activity of group A and group B at 3 mo and 6 mo after operation was
significantly higher than that before operation (P < 0.05); the limp, support, lock,
instability, swelling, upstairs, squatting, pain and Lysholm score were compared
between the two groups before and 6 mo after operation, and the difference was not
statistically significant (P > 0.05); the scores of limp, support, lock, instability, swelling,
upstairs, squatting, pain and Lysholm in group A and group B at 6 mo after operation
were significantly higher than those before operation (P > 0.05); the surgical complication
rate of group A was 2.63%, which was lower than 18.42% of group B, and the difference
was statistically significant (P > 0.05).

CONCLUSION

Both small incision open reduction and internal fixation and arthroscopic high-strength
non-absorbable sutures can achieve good results in the treatment of anterior cruciate
ligament tibial avulsion fractures. The operation time of arthroscopic high-strength non-

absorbable sutures is slightly longer, but the complication rate is lower.
Key Words: Small incision; Anterior cruciate ligament; Open reduction and internal

fixation; Arthroscopy; Non-absorbable sutures; Anterior cruciate ligament tibial avulsion

fracture
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INTRODUCTION

Anterior cruciatbligament tibial avulsion fracture is a common type of anterior cruciate
ligament injury, which has a serious impact on the quality of life and physical and mental
health of patients. Due to the difficulty of closed reduction in patients with tibial avulsion
fracture, anterior cruciate ligament injury is often accompanied by medial meniscus
rupture, and early surgical treatment is necessarylll. The traditional treatment method is
to take open reduction and internal fixation for repair, which can achieve the anatomical
reconstruction effect in the reconstruction of cruciate ligament and restore the stability of
patients’ joints. However, it is impossible to observe the posterior horn of meniscus
during the operation. Therefore, X-ray observation needs to be repeated during the
operation, and some patients may damage the epiphysis during the treatment. With the
popularization of arthroscopy, the intraoperative trauma to patients is smaller, but the
traditional Kirschner wire fixation method has poor fixation effect, while the effect of
absorbable suture on the epiphysis of patients is slight, and the fixation effect is better.
However, there are different opinions on how to_choose the two surgical methods in
clinic2l. Therefore, this study compared the effect of small incision opebreduction and
internal fixation and arthroscopic high-strength non-absorbable suture in the treatment
of tibial avulsion fracture of anterior cruciate ligament, in order to provide a basis for

clinical practice.

MATERIALS AND METHODS

General information
A total of 76 patients with tibial avulsion fracture of anterior cruciate ligament diagnosed
and treated in Yunxian People’s Hospital from April 2018 to June 2020 were selected for
retrospective analysis. According to the surgical methods, they were divided into group
A (n=40) and group B (n = 36).

Inclusion criteria: (1) Patients aged 19-65 years; (2) Patients with tibial avulsion fracture

of anterior cruciate ligament caused by trauma were confirmed by X-ray, computed
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tomography and magnetic resonance imaging after admission; (3) Patients had obvious
lower limb pain on the affected side during hospitalization and limited activity. The
interval between injury and operation was within 2 wk; (4) The classification standard
was type Il or type I1I (Meyers-McKeever standard)(3l; (5) All operations were performed
by the same group of orthopedic medical staff in our hospital; and (6) The research
programme receives informed consent from patients and their families. Exclusion
criteria: (1) Severe osteoporosis; (2) Patients with long-term hormone therapy; (3) Cancer
patients; (4) Bone tuberculosis; (5) A history of drug use or addiction; and (6) Lower limb

nerve and muscle atrophy disease.

Surgical method

Group A: Patients were treated with high-intensity non-absorbable suture under
arthroscopy. Patients were placed in supine position after general anesthesia satisfaction,
and the articular cartilage, meniscus and anterior cruciate ligament were explored. After
placement of arthroscopic instruments, the posterior medial and posterolateral
approaches were established to expose the stokes fracture block of anterior cruciate
ligament. After inserting probes into the lateral approach, the fracture block was pried
and reset. The blood clot was cleared by planer. A 2 cm incision was performed on the
lateral side of tibial nodules. The insertion locator was used to drill the bone tunnel from
the lateral side of tibial nodules along the anterior cruciate ligament, and another bone
turnel was drilled under the outside of the fracture surface. The tendon line was
introduced through the tunnel to pass through the joint. The knotter was used to knot at
the root of the anterior cruciate ligament, and the tunnel under the fracture block was
passed to the outside of the joint. The fracture block was reset by arthroscopy, and the
bone bridge between the outer mouth of the tunnel was knotted at the risk of tendon

tightening.

Group B: Open reduction and internal fixation with small incision was performed, and

the prone position was taken when the patient was satisfied with anesthesia. A 34 cm
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incision was made in the transverse striation of the median popliteal fossa posterior to
the knee. The subcutaneous tissue and fascia were separated to expose the gap between
the medial head and the lateral head of the gastrocnemius muscle. The lateral head of the
gastrocnemius muscle and the vascular nerve of the popliteal fossa were pulled by the
hook. The medial head of the gastrocnemius muscle was pulled inward by the hook. The
posterior articular capsule was exposed, and the fracture block was reset after exposure.
The Kirschner wire was used to vertical fracture line for temporary fixation. X-ray
confirmed that the fracture reduction was satisfactory. The hollow nail was screwed
along the Kirschner wire to perform compression fixation, and the incision was sutured

to end the operation.

Observation indexes and evaluation criteria
The operation time, fracture healing time, knee joint activity and functional score before
and after operation, and surgical complications of the two groups were compared.

Knee joint function evaluation using Lysholm scorel4, Lysholm score scale,
claudication total score of 5 points, support total score of 5 points, lock total score of 15
points, instability total score of 25 points, swelling total score of 10 points, upstairs total
score of 10 points, squat total score of 5 points, pain total score of 25 points, were scored

according to the scale grading standard.

Statistical analysis

In this study, the measurement indexes such as operation time and fracture healing time
were tested by normal distribution, which were in line with approximate normal
distribution or normal distribution, and expressed as mean + SD. The t test was used for
comparison between the two groups. Non-counting data were represented by
percentage, and y?2 test was used for comparison. Professional SPSS 21.0 software for data
processing, test level a = 0.05.

RESULTS
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Baseline data comparison of patients in the A and B groups
Age, height, weight, time from injury to operation, ﬁnder, affected side distribution,
Meyers-McKeever classification and tibial instability were compared between group A

and group B, and the difference was not statistically significant (P > 0.05) (Table 1).

Comparison ofopemtae time and fracture healing time between group A and group B
The operation time of group A was higher than that of group B, and the difference was
statistically significant (P < 0.05). The fracture healing time of group A was compared
with that of group B, and the difference was not statistically significant (P > 0.05) (Table
2).

Comparison of knee joint functional activity between group A and group B

The knee 'ﬁint functional activity was compared between the two groups before
operation, 3 mo and 6 mo after operation, and the difference was not statistically
significant (P > 0.05). The knee joint function activity of group A and group B at 3 mo and
6 mo after operation was significantly higher than that before operation (P < 0.05) (Table

3, Figure 1).

Comparison of knee joint function score between group A and group B

The total scores of lameness, support, strangulation, instability, swelling, upstairs, squat,
pain and Lysholm were compared between the two groups before and 6 mo after
operation, and the difference was not statistically significant (P > 0.05). The scores of
claudication, support, lock, inﬁbility, swelling, upstairs, squatting, pain and Lysholm in
group A and group B at 6 mo after operation were significantly higher than those before
operation (P <0.05) (Table 4).

Comparison ofsurgicaﬁcompiimtion rate between group A and group B
The complication rate of group A was 2.63% lower than that of group B 18.42%, and the
difference was statistically significant (P < 0.05) (Table 5).
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Typical cases

Two typical cases of tibial avulsion fracture of the left anterior cruciate ligament of the

knee were reviewed (Figure 2 and Figure 3).

DISCUSSION
Avulsion fracture of tibial insertion of anterior cruciate ligament is generally caused by
trauma, which causes avulsion injury of tibial attachment of anterior cruciate ligament.
Children and adolescentsgre the most common in clinical practice. The incidence has
increased in recent years, which has a serious impact on the quality of life and physical
and mental health of patients®l. The incidence of avulsion fracture of tibial insertion in
the anterior cruciate ligament is lower than that of the belt body. Generally, violence
causes excessive extension of the knee joint or excessive internal rotation and abduction
of the tibia. At the same time, the strong contraction of the quadriceps femoris exceeds
the maximum tension of the anterior cruciate ligament, which leads to the rupture of the
anterior cruciate ligament parenchyma or the avulsion fracture of the anterior cruciate
ligamentl®l, The traditional treatment method is to adopt open reduction and internal
fixation. However, due to the need to expose the patient’s knee joint during the operation,
resulting in tissue damage around the knee joint, it is easy to cause adhesion of the knee
joint. It is difficult to deal with the combined meniscus and cartilage damage, which leads
to painful postoperative functional exercise and slow recoveryl7l.

At present, with the development of minimally invasive technology, arthrCﬁopic
treatment has become a commonly used treatment method in clinical practice. In this

udy, the operation time of group A was higher than that of group B, indicating that
arthroscopic treatment of tibial avulsion fracture of anterior cruciate ligament with high-
intensity non—absorbaae suture was more complicated, so the operation time was
prolonged. However, there was no difference in the fracture healing time between the
two groups, indicating that the two surgical methods had similar fracture healing effects.

Arthroscopic surgery without incision, clear visual field under the microscope, can avoid
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nerve and vascular injury and have smaller trauma for patients, but the operation is
relatively complex, so the operation time is prolonged. In the process of operation, it can
deal with intra-articular meniscus, other ligaments and other structural damagel®?). In
this study, the absorbable suture operation was a soft fixation material. The suture had a
certain elasticity and high mechanical strength, so it was better in line with the principle
of biological fixation. The fracture fixation was strong, and the patients recovered quickly
after operation, which could be recovered early['0l.

This study also found that two groups of patients after 3 mo, 6 mo of knee joint function
activity than before surgery were significantly increased, knee function score than before
surgery were markedly increased, suggesting that the two surgical methods in improving
knee joint activity and recovery of knee function in patients with similar effect''-13].
Previous studies have confirmed that the two surgical methods have no effect on the
medium-term efficacy of patients. The knee joint function recovery after suture fixation
and screw fixation is ideal, and the difference between the both jg not statistically
significant, which is consistent with the results of this studyl!415]. In this study, the
surgical complication rate OEroup A was 2.63%, which was lower than that of group B
(18.42%), suggesting that arthroscopic high-strength non-absorbable suture in the
treatment of tibial avulsion fracture of anterior cruciate ligament can reduce the incidence
of surgical complications. The suture technique can adjust the direction of the suture by
controlling the direction of the bone tunnel and the outlet position of the bone tunnel joint
above the epiphyseal line, which helps to enhance the accuracy and stability of the
reduction, and ensures the firm fixation of the bone block. And it can adjust the tension
of the ligament twice to reduce the occurrence of surgical complications!'!7l, Some
scholars reported that in the fixation of anterior cruciate ligament fractures, the second
band-line anchor was first fixed on both sides of the central slightly deviated back of the
tibial bone bed by suture technique, and the outer row of one anchor was fixed to the
anterior and lateral sides of the bone bed. The position of the outer row of anchor was

adjusted according to the reduction status of the fracture block. The fracture block was
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fixed by suture intersection ‘fan type” compression to avoid the front and back ends of
the fracture block!18-20],

In this study, the effects of two surgical methods on tibial avulsion fracture of anterior
cruciate ligament were compared, and it was confirmed that arthroscopic non-absorbable
suture surgery can significantly reduce the occurrence of surgical complications. High-
strength sutures have certain elasticity, and the mechanical strength is large. The bone
has micro-motion, which is in line with the current treatment principle of biological
fixation. The fracture fixation is strong, indicating that the clinical operation can be
reasonably selected according to the actual situation of patients. However, the number of
cases included in this study is small, and there may be some bias in the selection of cases,
forming a certain bias on the surgical results. Moreover, this study failed to take long-
term follow-up for patients. Although both surgical methods have achieved satisfactory
early clinical efficacy, large sample size and long-term follow-up are needed to provide

more reliable conclusions.

CONCLUSION

2
To sum up, both small incision open reduction and internal f'aation and arthroscopic

high-intensity non-absorbable suture can achieve good results in the treatment of tibial
avulsion fracture of anterior cruciate ligament. The operation time of arthroscopic high-

intensity non-absorbable suture is slightly longer, but the complication rate is lower.
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Figure Legends
Figure 1 The change trend of knee joint functional range of patients in group A

Figure 2 A 38-year-old male patient with tibial avulsion fracture of the left anterior
cruciate ligament of the knee. A: The preoperative X-ray diagnosis. The patient was
treated with small incision open reduction and internal fixation; B: The appearance of the
postoperative incision; C: The immediate postoperative X-ray film; D: The postoperative

X-ray film.

Figure 3 A 33-year-old female patient with tibial avulsion fracture of the left anterior
cruciate ligament of the knee. A: The preoperative X-ray diagnosis. The patient was
treated with high-intensity non-absorbable suture under arthroscopy; B: The immediate
X-ray after operation; C: The X-ray one year after operation. The fracture of the patient

was completely healed.
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Table 1 Comparison of annual group data of consumers in groups A and B, n (%)

Basic information Group A {n = Group B (n = 4 P
40) 38) value value
Age (yr) 364185 384+90 -1.009 0.316
Height (cm) 1678 £4.6 1672+ 5.0 0.552 0.583
Weight (kg) 651+68 674172 -1.451 0.151
Time from injury to surgery
74+21 69117 1.152 0.253
(d)
Sex 0.601 0.438
Male 24 (60.00) 26 (68.42)
Female 16 (40.00) 12 (31.58)
Affected side distribution 1.990 0.158
Left side 20 (50.00) 25 (65.79)
Right 20 (50.00) 13 (34.21)
Meyers-McKeever type 0.020 0.887
Type 1l 29 (72.50) 27 (71.05)
Type 111 11 (27.50) 11 (28.95)
Tibia instability 0.690 0.406
Stage 11 26 (65.00) 28 (73.68)
Stage 111 14 (35.00) 10 (26.32)

Table 2 Comparjson of operation time and fracture healing time between group A and

group B (mean * SD)

Groups n Operation time (min) Fracture healing time (wk)
Group A 40 1085+ 18.4 125+14

Group B 38 592+ 11.7 128+ 1.5

t value 14.037 -0914

Pvalue 0.000 0.364
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Table 3 Comparison of the functional range of motion of the knee jointin group A and

group B (mean = SD, ©)

Groups 7 Preoperative 3 mo after surgery 6 mo after surgery
Group A 40 769+ 710.4 1220+ 185 1382+ 15.74
Group B 38 790+ 98 1198+ 17.3 13461742
tvalue -0.917 0.542 0.960

Pvalue 0.362 0.590 0.340

aP <0.05 vs this group before surgery.

Table 4 Comparison of knee function scores between group A and group B (mean *

SD, scores)

Preoperative t P 6 months after surgery ¢ P
Project Group A Group B valu valu Group A Group B valu valu
(n = 40) (n = 38) e e (n = 40) (n =38) e e

0.48 0.27
Limp 188+ 030 1.94+0.45 0.69 392+074* 411+080* 1.09
8 9
6 0
Suppo 0.43 0.46
190+041 198048 0.79 413+0.68 4261088 0.73
rt 0 6
3 2

033 11.30 + 1093 + 060 054
Winch 584+120 612+132 0098

.0 25 2,83 5 7
Unstab 1267 + 1188 + 146 014 2038 + 2103 ;]78 043
le 248 227 5 7 3.700 3584 T3
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Swelli 0.19 151 013
441+086 4671090 1.30 8.81+0.89» 84817.03
ng 6 4
5
Go - -
0.16 0.36
upstair 3361078 3.6210.85 140 7961114+ 821+1.2620 092
3 1
s 9 0
020 ~os
Squat 1671041 180%048 1.28 3.88+1.03* 4.02+08%9 0.64
2 4
8 1
1352 + 12.81 + 113 026 20.86 + 2132 t 0.52
Pain 0.64
2.96 2.56 0 2 3.022 3.31a 3
2
Total 4525 + 44.82 + 026 078 81.24 + 8236 + 0.58
054
score 7.33 6.81 8 9 9.25 8.904 8
4
2P <0.05 vs this group before surgery.
Table 5 Comparison of surgical complications, n (%)
Loose
Incision Venous thrombosis of Complication
Groups n internal
infection lower extremity rate
fixation
Group A 40 0 0 1 1 (2.63)
GroupB 38 2 2 3 7 (18.42)
y?value 5.367
Pvalue 0.021
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