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Introduction: Lateral ankle sprain is among the most common orthopedic injuries and may progress to chronic ankle instability (CAI), 
particularly in adolescents engaged in sports. Approximately 20–40% of patients with acute ankle sprains develop CAI, which is associated with 
recurrent instability, pain, and impaired athletic performance. Evidence regarding the surgical management of CAI in the pediatric population 
remains limited. This study aimed to evaluate the functional outcomes of arthroscopic all-inside ligament repair in adolescents with CAI 
refractory to conservative treatment.
Materials and Methods: A retrospective observational case series was conducted between January 2024 and May 2025. Patients younger than 
16 years with CAI unresponsive to at least 6 months of conservative management and with a minimum post-operative follow-up of 12 months 
were included. Demographic variables and time to return to sports were recorded. Functional outcomes were assessed using the American 
Orthopaedic Foot and Ankle Society (AOFAS) Ankle–Hindfoot Score and the Karlsson–Peterson Ankle Score, measured preoperatively and at 
3, 6, and 12 months postoperatively. Statistical analysis was performed using the Friedman test with Wilcoxon signed-rank post hoc comparisons 
and Kendall’s W for effect size.
Results: Five patients (2 males, 3 females; mean age 14.4 ± 0.8 years) were included. All returned to sports at a mean of 2.8 months 
postoperatively. No complications were reported. The mean baseline AOFAS score was 71.0 ± 8.2, improving to 98.0 ± 4.4 at 3 months and 
reaching 100.0 at 6 and 12 months. The Karlsson–Peterson score increased from 61.2 ± 10.7 at baseline to 93.0 ± 5.7 at 3 months and 100.0 at 
subsequent follow-ups. The Friedman test demonstrated significant differences across time points (AOFAS: χ2 = 13.62, P = 0.0035; 
Karlsson–Peterson: χ2 = 15.00, P = 0.0018), with Kendall’s W = 1.0 indicating a very large effect size.
Conclusion: Arthroscopic all-inside ligament repair in adolescents with CAI refractory to conservative management yielded excellent 
functional outcomes, early return to sports, and no complications. Anchor size selection was critical to avoid physeal injury and peroneal tendon 
irritation. These findings support the feasibility and safety of minimally invasive ligament repair in skeletally immature patients, although larger 
studies with longer follow-up are warranted to confirm durability and generalizability.
Keywords: Chronic ankle instability, arthroscopic ligament repair, pediatric orthopedics, minimally invasive surgery.

Abstract

Learning Point of the Article:
In skeletally immature patients with chronic ankle instability, arthroscopic all-inside repair of lateral ankle ligament detachments can be 

safely performed when anchor length and insertion angle are carefully selected to respect the distal fibular physis and avoid peroneal 
tendon irritation.
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Introduction
Lateral ankle sprain is one of the most common orthopedic 
injuries and may lead to long-term complications, including 
chronic ankle instability (CAI). It is estimated that 
approximately 20–40% of patients who sustain an acute ankle 
sprain subsequently develop CAI [1].
In a systematic review conducted by Fong et al., the ankle was 
identified as the most frequently injured anatomical region in 
24 of the 70 sports analyzed. Moreover, ankle sprain was the 
most common ankle injury in 33 of 43 sports, with a higher 
incidence observed in court-based and team sports [2].
CAI typically develops following a lateral ankle sprain and is 
characterized by recurrent episodes of instability, sensations of 
“giving way,” weakness during physical activity, and self-
reported disability persisting for more than 6 months [3].
The literature addressing CAI in the pediatric population 
remains limited; however, previous reports suggest that up to 
30% of pediatric patients who experience an ankle sprain may 
develop this condition [4].
Initial management consists primarily of functional 
rehabilitation [5,6]. Nevertheless, in patients who fail 
conservative treatment, surgical intervention may be indicated 
[1].
Despite the growing use of arthroscopic ligament repair 
techniques in adults, evidence regarding their safety and 
functional outcomes in skeletally immature patients remains 
scarce. Concerns regarding potential physeal injury continue to 
limit the widespread adoption of surgical treatment in pediatric 
patients with CAI. Furthermore, there is limited literature 
specifically evaluating all-inside arthroscopic repair techniques 
in adolescent populations. Therefore, additional clinical 
evidence is needed to better characterize post-operative 
outcomes and the feasibility of these minimally invasive 
procedures in this age group.
The aim of the present study is to describe the functional 
outcomes of pediatric patients diagnosed with CAI who were 
refractory to conservative management and subsequently 
treated with surgical intervention.

Materials and Methods
A retrospective, observational case series was conducted 
between January 2024 and May 2025. Patients younger than 16 
years of age with a diagnosis of CAI who were refractory to 
conservative treatment for a minimum of 6 months, had a 
minimum post-operative follow-up of 12 months, and 
confirmation of diagnosis through diagnostic imaging were 
included (Fig. 1).
Demographic variables were collected, including sex, age, 

affected side, and type of sport practiced. Time to return to 
sports activity was also recorded.
Ankle function was assessed using the American Orthopaedic 
Foot and Ankle Society (AOFAS) Ankle–Hindfoot Score [7] 
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Figure 1: Distal fibular deinsertion from anterior talofibular ligament*.
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and the Karlsson–Peterson Ankle Score [8]. Evaluations were 
performed preoperatively and at 3, 6, and 12 months following 
surgical intervention. All patients underwent arthroscopic 
repair of the anterior talofibular ligament (ATFL) using the all-
inside ankle technique [9,10] (Fig. 2).
Means and standard deviations were calculated for each time 
point. For inferential analysis, the Friedman test for related 
samples was applied, given the small sample size and non-
normal distribution. Pairwise comparisons were performed 
using the Wilcoxon signed-rank test with Bonferroni 
correction. Effect size was reported using Kendall’s W. 
Statistical analyses were performed using IBM Statistical 
Package for the Social Sciences Statistics for Windows, version 
26.0 (IBM Corp., Armonk, NY, USA). A significance level of  P 
< 0.05 was considered.

Results
Five patients were included (2 males and 3 females), with a 
mean age of 14.4 ± 0.8 years. All patients returned to sports 
activity at an average of 3 months postoperatively. No recurrent 
instability, neurovascular injury, wound complications, or 
growth-related complications were observed. Individual 
demographic characteristics are presented in Table 1.
Functional outcomes are summarized in Table 2. The mean 
baseline AOFAS Ankle–Hindfoot 
Score was 71.0 ± 8.2 points, increasing 
to 98.0 ± 4.4 at 3 months, and reaching 
100.0 at both 6 and 12 months. The 
Karlsson–Peterson Ankle Score 
showed baseline values of 61.2 ± 10.7, 
rising to 93.0 ± 5.7 at 3 months, and 
100.0 at subsequent follow-ups.
The Friedman test demonstrated 
statistically significant differences 
across time points for both scales 
(AOFAS: χ2 = 13.62, P = 0.0035, 
K e n d a l l ’ s  W  =  1 . 0 ; 
Karlsson–Peterson: χ2 = 15.00, P = 
0.0018, Kendall’s W = 1.0). Post hoc 
Wilcoxon signed-rank comparisons 
between baseline and each follow-up 
showed a consistent trend toward 
improvement, although P-values did 
not reach statistical significance (P = 
0.06), likely attributable to the small 
sample size.
Clinically, al l  patients achieved 
maximum scores in both scales by 6 

months, which remained stable through the 12-month follow-
up. 

Discussion
With the progressive increase in sports participation, training 
intensity, and competitive level among adolescents, a parallel 
rise in sports-related musculoskeletal injuries is expected, 
including lateral ankle sprains [4,11,12]. Although initial 
conservative management remains the first-line treatment for 
lateral ankle ligament injuries in this population according to 
current clinical practice guidelines [6], a subset of patients fails 
non-operative treatment and progresses to CAI or 
microinstability, a condition whose diagnosis and optimal 
surgical management remain controversial according to 
biomechanical evidence [13]. This clinical scenario is 
associated with recurrent sprains, persistent pain, and a 
subjective sensation of instability, ultimately impairing sports 
participation and quality of life [11,14]. In this context, the 
availability of effective and safe surgical alternatives becomes 
essential.
The available evidence on all-inside arthroscopic treatment in 
the pediatric population with CAI remains limited. However, 
the results observed in this case series demonstrate significant 
clinical and functional improvement as early as 3 months after 
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Figure 2: Arthroscopic repair and all-inside reinsertion with a needle and nitinol of the anterior talofibular 
ligament (a-c*) detached from the distal fibula→. This ligament was retrieved with a loop suture (c-f). A loop 
suture tape was used for retrieve (g) and subsequent reinsertion with a 2.9 mm. Pushlock anchor (Arthrex 
Naples Fl, US) (h). The repaired anterior talofibular ligament is identified (i).
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surgical intervention, with peak scores reached at 6 months and 
maintained through 12-month follow-up. An important aspect 
is the time to return to sports activity, which in our cohort 
averaged 2.8 months. This finding suggests an accelerated 
recovery, possibly attributable to the minimally invasive 
approach. Although there is no specific literature directly 
comparing arthroscopic versus open techniques in pediatric 
patients, our findings are consistent with the return-to-sport 
times reported by Xiong et al. [12].
The findings of Xiong et al. [15] suggest that structural imaging 
parameters do not necessarily influence functional outcomes 
following surgical stabilization in adolescents with CAI. This is 
consistent with our results, which demonstrate significant 
improvements in patient-reported ankle function regardless of 
magnetic resonance imaging signal characteristics. These 
observations reinforce the importance of comprehensive 
clinical and functional assessment in surgical decision-making 
[6] for pediatric patients and support the individualization of 
surgical technique based on surgeon experience and patient-
specific anatomical characteristics.
Although both anatomic and non-anatomic open techniques 
for lateral ligament repair have been described, they are 
associated with inherent drawbacks, including lateral soft-tissue 
fibrosis, wound-healing complications [14,16,17], and limited 
ability to assess and address concomitant intra-articular 
pathology. In contrast, arthroscopic approaches allow for direct 
visualization and simultaneous management of associated 
intra-articular lesions, representing a potential advantage over 
open procedures. In the adult population, all-inside 
arthroscopic ligament repair has been shown to be 
a safe and cost-effective alternative for the 
treatment of ATFL injuries [14,16,17,18], 
supporting the cautious extension of this 
technique to younger patients.
Surgical intervention in skeletally immature 
patients remains a topic of debate, primarily due to 
concerns regarding potential physeal injury. 
However, emerging evidence suggests that 

ligament repair techniques can be safely performed 
without compromising physeal integrity. Takao et al. 
[19] reported that arthroscopic repair in skeletally 
immature patients resulted in satisfactory clinical 
outcomes without growth-related complications, 
supporting the safety of surgical management in this 
population. Similarly, Guelfi et al. [20] demonstrated 
excellent functional outcomes without physeal 
violation following arthroscopic all-inside ligament 
repair for ankle instability in skeletally immature 
patients, further supporting the safety and efficacy of 
physeal-sparing techniques. Huang et al. [18] 

evaluated an all-arthroscopic approach for chronic lateral ankle 
instability in adolescents and observed favorable clinical 
outcomes and significant functional improvements in the 
majority of cases. These findings align with our results, which 
demonstrate comparable post-operative functional scores and 
return-to-sport timelines. Moreover, these studies emphasize 
the feasibility of minimally invasive surgical techniques in 
adolescents, with important implications for surgical planning 
based on patient age and skeletal maturity.
In this setting, adolescent-specific anatomical considerations, 
including the orientation of the distal fibular physis and the 
morphology of the distal fibular epiphysis [11], are critical 
when selecting the appropriate surgical technique. Anchor size 
represents a key technical factor to avoid breaching the 
posterior fibular cortex and to minimize the risk of peroneal 
tendon irritation. In the present case series, favorable outcomes 
were achieved using 2.9 × 12.5 mm impact anchors while 
avoiding anchors longer than 19 mm. Our findings further 
demonstrate that the all-inside technique for ATFL avulsion 
from the fibular insertion in an adolescent population allows for 
safe ligament reinsertion into the distal fibular epiphysis, 
effectively sparing the physis and reducing the risk of peroneal 
tendon irritation.

Limitations
The small sample size and case-series design limit the 
generalizability of the findings and preclude direct comparison 
with alternative surgical techniques. The absence of a control 
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Patient Sex
Age 

(years)

Affected 

side

Sport 

practiced

Return to sports 

activity (weeks)

1 Male 14 Right Soccer 12

2 Female 13 Left Horse riding 10

3 Male 15 Right Basketball 12

4 Female 14 Right Gymnastics 10

5 Female 15 Right Gymnastics 12

Table 1: Individual demographic data

Scale
Baseline 

(mean±SD)
3 months 6 months 12 months 

P 

(Friedman)

Kendall’s 

W

AOFAS 71.0±8.2 98.0±4.4 100 100 0.003 1

Karlsson-

Peterson
61.2±10.7 93.0±5.7 100 100 0.001 1

Table 2: Functional outcomes after arthroscopic ligament repair

Statistically significant differences were observed across time points using the 

Friedman test (P <0.05). Effect size was calculated using Kendall’s W
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group and the single-center nature of the study may introduce 
selection and performance bias, particularly given that all 
procedures were performed by experienced surgeons. Surgical 
treatment was limited to patients who failed at least 6 months of 
conservative management, potentially selecting a highly 
compliant and motivated cohort, which may have influenced 
the observed early return to sport. Finally, the 12-month follow-
up may be insufficient to fully assess long-term outcomes, 
including recurrent instability or durability of the repair.

Conclusion
Arthroscopic all-inside repair of the ATFL in adolescents with 
CAI refractory to conservative treatment demonstrated 
excellent short-term functional outcomes, early return to 
sports, and no procedure-related complications in this case 
series. Careful surgical planning, particularly regarding anchor 
size selection and attention to physeal anatomy, is essential to 

minimize the risk of physeal injury and peroneal tendon 
irritation in skeletally immature patients. Larger prospective 
studies with longer follow-up are required to confirm the 
durability of these results.

Clinical Message

Arthroscopic all-inside ligament repair represents a feasible and safe 
surgical option for adolescents with chronic ankle instability who fail 
conservative treatment. When performed with careful attention to 
pediatric-specific anatomy – particularly the distal fibular physis and 
appropriate anchor size selection – this minimally invasive 
technique can provide rapid functional recovery and facilitate early 
return to sports while minimizing the risk of physeal injury and 
peroneal tendon irritation. This case series highlights the 
importance of meticulous surgical technique and individualized 
planning when extending advanced arthroscopic procedures to 
skeletally immature patients.
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