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Abstract: Background: Pediatric mallet finger injuries lack specific treatment guidelines, necessitating an 

exploration of effective techniques. Our aim was to evaluate the outcomes of the extension block technique in 

adolescent mallet finger management. Methods: A comprehensive retrospective analysis was conducted 

involving 36 adolescents who underwent surgery between 2014 and 2022. Ishiguro’s extension block pinning 

technique was the primary method employed. Treatment outcomes were evaluated using Crawford's criteria, 

and complications were also assessed. Results: Bone union was achieved in all cases with a mean union time 

of 42 days (range: 30-92 days). According to Crawford's criteria, 27 cases (75%) were classified as excellent, 5 

cases (14%) as good, and 4 cases (11%) as fair. Minimal complications were observed, including three cases 

(8%) of superficial infections, one case (3%) of dermal necrosis, and another rare instance (3%) of osteomyelitis. 

No cases of poor outcomes or significant long-term complications were noted. The average follow-up period 

was 8.6 months (range: 2-42 months). Conclusions: Ishiguro’s extension block technique is a promising surgical 

option for adolescent mallet fingers. Its adoption could enhance pediatric orthopedic care, offering a valuable 

child-friendly treatment alternative. 
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1. Introduction 

Mallet finger refers to a condition in which the tip of the finger displays a deformity, 

characterized by the inability of the affected distal interphalangeal (DIP) joint to extend the distal 

phalanx actively, resulting in a flexed position. (Figure 1) [1]. This injury type can be classified as a 

simple tendinous disruption or one secondary to a bony avulsion. The classification of the injury can 

also be based on whether the skin covering the area is damaged or intact, categorized as either an 

open or closed mallet injury. Frequent causes involve sports activities resulting in a direct impact on 

the finger, from becoming trapped in a door, or from minor energy-related injuries during routine 

tasks like pulling up socks. Open injuries can be the result of traumatic lacerations or high-impact 

crush injuries [2]. It is frequently encountered in the management of hand trauma, comprising 

approximately 5.6% of all tendon injuries in the hand and wrist and 2% of all sporting injuries [3,4]. 

Mallet finger injuries are predominantly observed in male patients in their youth and middle age [5]. 

Because pediatric bone generally possesses lower tensile strength in comparison to ligaments, bony 

avulsion injuries tend to occur more frequently than in adults [3,6,7]. Overall, the dominant hand is 

more commonly affected, with the ulnar three digits accounting for the majority of mallet finger 

injuries [8]. 
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Figure 1. Lateral X-ray of the left little finger of a 17-year-old boy demonstrating a mallet fracture with 

a large avulsed fragment (Wehbe and Schneider type II/A). 

Patients commonly arrive with an inability to extend the DIP joint to a neutral position after a 

traumatic injury. During examination, the finger exhibits flexion at the DIP joint, often accompanied 

by swelling, contusion, and tenderness over the dorsal part of the DIP joint, while rarely one may 

observe the presence of a swan-neck deformity [3]. To identify bony mallet finger injuries, a standard 

anteroposterior (AP) and lateral radiographic view of the finger, focused on the DIP joint, are 

captured. Sometimes additional stress views may be obtained to help assess the reducibility of the 

fragment or correction of palmar subluxation [3]. There are multiple known systems used to classify 

acute mallet finger injuries based on radiological findings (Doyle, Wehbe and Schneider, 

Niechajev)[3]. The classification developed by Wehbe and Schneider emphasizes bony mallet 

injuries, taking into account factors such as the size of the articular fragment and the presence of 

palmar subluxation (Table 1) [1]. 

Table 1. Wehbe and Schneider classification for mallet finger injuries. 

Types  

I. No distal interphalangeal (DIP) joint subluxation  

DIP joint subluxation  

Epiphyseal and physeal injuries  

 

II. 

III. 

Subtypes 

A ≤ 1/3 of articular surface involvement 

B 1/3 to 2/3 of articular surface involvement 

C ≥ 2/3 of articular surface involvement 

Initially, nonoperative management is the recommended choice for treating nearly all mallet 

finger injuries. At present, the prevailing recommendation is to solely splint the DIP joint[3]. There's 

a suggestion from some quarters, however, that immobilizing both the DIP joint and the proximal 

interphalangeal (PIP) joint could aid in relaxing the extensor hood and intrinsic muscles, facilitating 

the healing process [9]. On the other hand, during a cadaver study done by Katzman et al., it was 

indicated that the gapping of the extensor tendon happens due to the movement of the distal tendon 

stump when the DIP joint flexes, and not due to the retraction of the proximal tendon edge during 

PIP joint extension, questioning the need to splint the PIP joint [10]. Different splinting variations 

have been described in the literature. Among the nonsurgical treatment options frequently used for 

mallet fingers, Stack splints, custom thermoplastic splints, and foam-padded aluminum splints are 

commonly considered. Currently, there’s no conclusive evidence of a specific splint design or splint 

placement resulting in a superior clinical outcome [11–13].  

The suggested duration of immobilization involves wearing the splint full-time for a period of 

six weeks, followed by an additional 2–6 weeks of night splinting. Should the DIP joint flex at any 

time within the initial six weeks, the patient should be advised to restart the splinting regimen 
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[3,5,14]. Non-surgical treatment could still carry the potential risk of complications. These include 

minor skin issues, persistent pain, hyperpigmentation, skin necrosis, and flexion deformity of the DIP 

joint. Similarly, it's typical to observe five to ten degrees of extension lag following conservative 

treatment with splints, which generally does not lead to functional impairment [9,14,15].  

Surgical recommendations are often based on fractures that encompass over 30% of the articular 

surface or the occurrence of palmar subluxation in the distal phalanx [3,12]. Biomechanical research 

indicates that fractures encompassing over 30% of the articular surface have a heightened risk of 

subluxation [16]. Surgery is also the preferred choice of treatment for open injuries or if non-surgical 

management proves ineffective [12]. Numerous types of techniques have been described for the 

fixation of mallet finger fractures. They can be broadly categorized as closed reduction involving 

percutaneously inserted Kirschner wires (K-wires) or open reduction with fixation. Ishiguro first 

described extension block pinning in 1988 for the treatment of mallet finger fractures, which has been 

the most widely accepted surgical technique [17]. Other authors achieved closed reduction with 

techniques utilizing direct pining of the avulsed fragment, presenting favorable results [18,19]. In 

addition, some new novel methods recently described include umbrella handle K-wiring and the 

Delta wiring technique [9]. Complications associated with the use of K-wires are well known: pin 

migration, infection, dermal necrosis, nail bed deformities, and rarely osteomyelitis [3,20,21]. The 

occurrence of such adverse events may negatively affect the functional outcome. Likewise, open 

reduction and fixation have been described, incorporating techniques like hook plate [22], tension 

band wiring [23], screws [24], and interosseous wires [25]. 

Our clinical routine for the operative treatment of mallet finger injuries mainly involves the 

usage of Ishiguro’s technique. The aim of this paper is to evaluate the effectiveness of the extension 

block pinning technique described by Ishiguro et al. in the adolescent population. 

2. Materials and Methods 

2.1. Study Design 

The Authors reviewed 36 patients from the Database of the Pediatric Surgery Department in a 

single-arm, retrospective cohort study to evaluate the capabilities of the Ishiguro pinning method. 

This evaluation was conducted in accordance with the Strengthening the Reporting of Observational 

Studies in Epidemiology (STROBE) guidelines. Inclusion criteria were (1) adolescent patients who 

were (2) operated on due to mallet finger injuries (3) between February 2014 and December 2022 (4) 

by a minimally invasive extension block pinning technique described by Ishiguro et al [17,26]. 

Surgical indications encompassed cases with (5) a displaced large fragment comprising over one-

third of the articular surface or (6) fractures coupled with palmar subluxation of the distal phalanx 

[20]. Additionally, twelve patients in total were initially excluded from our study, (1) two who had 

injuries older than three weeks, (2) another two who were above the age of 18, (3) and eight children 

who were lost to follow-up. 

2.2. Surgical Technique and Postoperative Care 

All patients received prophylactic oral antibiotic treatment in the form of Augmentin 500/125 

mg (amoxicillin/clavulanic acid), local digital Oberst anesthesia (bupivacaine), and additionally, 

some adolescents received general anesthesia. 

Through fluoroscopic imaging, a 1-1.2 millimeter (mm) K-wire was percutaneously inserted into 

the middle phalanx, positioned 1–2 mm dorsal and proximal to the fracture fragment, all while 

maintaining the DIP in maximum flexion. Subsequently, the distal phalanx was pulled distally and 

extended in order to achieve the reduction of the fracture. Following that, the DIP joint was 

immobilized by a second percutaneous K-wire, running palmar to the fracture (Figure 2) [17,26]. 

Post-surgery, an aluminum splint was utilized to stabilize the DIP and PIP joints, with an 

emphasis on promoting active motion of the metacarpophalangeal joint. Once a week, the pin site 

underwent disinfection. At the six-week mark post-surgery, the K-wires were removed, and both 

passive and active exercises for the DIP joint were promoted. Functional status was assessed after 
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hardware removal during the final follow-up, two months postoperatively. In some select cases, we 

examined videos sent by patients who were previously lost to follow-up, to determine the 

postoperative range of motion (ROM) of the DIP joint. To classify functional results, we used 

Crawford’s (1984) evaluation criteria (Table 2) [13]. 

 

Figure 2. Primer preoperative anteroposterior (AP) (a), lateral (b), and postoperative radiographs 

from (c) AP and (d) lateral views of a 15-year-old boy treated with extension block pinning technique. 

Adequate reduction and joint congruity were achieved. 

Table 2. Crawford’s evaluation criteria (1984) with our assessed functional results. 

Outcome Criteria Patient count 

Excellent Full DIP joint extension, full flexion, no pain 27  

Good 0° to 10° of extension deficit, full flexion, no pain 5  

Fair 10° to 25° of extension deficit, any flexion loss, no pain 4  

Poor >25° of extension deficit or persistent pain 0  

2.3. Evaluated Endpoints 

Demographic outcomes included sex, age, side, and etiology of the injury. The primary endpoint 

of this study was the functional outcome of adolescent mallet finger injuries treated with the 

extension block pinning technique. Functional outcomes were assessed using Crawford's evaluation 

criteria, which classify results as excellent, good, fair, or poor based on the degree of extension deficit, 

flexion capacity, and presence of pain (Table 2) [13]. Furthermore, we followed Wehbé and 

Schneider’s (1984) classification [1], which considers the extent of subluxation of the distal phalanx 

and the size and displacement of the fracture fragment. Secondary endpoints included the time to 

surgery from injury, narcosis technique, rate of bone union, the occurrence and nature of 

complications, and the overall duration of postoperative recovery. Fracture union was characterized 

by the presence of bridging trabeculae on plain radiographs and a pain-free DIP joint. The level of 

anatomical reduction and the congruity of the articular surface were verified through plain 

radiographs obtained postoperatively and during the final follow-up. 

2.4. Statistical Analysis 

Statistical analyses were performed using SPSS software (version 26.0; IBM, Armonk, NY, USA). 

Descriptive statistics were used to summarize patient demographics, injury characteristics, and 
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treatment outcomes. Continuous variables such as age and follow-up duration were reported as 

mean values with ranges, while categorical variables such as injury type and outcome classification 

were presented as frequencies and percentages. 

3. Results 

We treated 25 boys and 11 girls with an average age of 14.5 (range: 11-17). Right and left hands 

were affected in the same number of cases (13-13). Involved digits were; the middle finger in 21 cases, 

the ring finger in six, the little finger in five, the index finger in three, and the thumb in one case. Out 

of 35 cases, the initial injury occurred during participation in sporting activities, while in one instance, 

it happened due to bumping up against a wall.  

Compound fractures or open fractures were not observed. The average extent of articular surface 

involvement was 44% (range: 33-63%). Subluxation of the distal phalanx was detected in two out of 

the 36 fractures (5.5% of all cases). Following Wehbé and Schneider’s (1984) classification [1], there 

were 34 fractures classified as type IB and two as type IIB. 

Average duration from injury to surgery was 3.5 days (range: 0-16 days) with the majority of the 

procedures (28) being performed under digital nerve block, while eight patients underwent general 

anesthesia. Mean follow-up time was 8.6 months (range: 2-42 months). We noticed the subluxation 

of the distal phalanx postoperatively in one finger, which required the repositioning of the K-wire 

immobilizing the DIP joint. Bone union was attained in all cases, with a mean postoperative day of 

42 (range: 30-92 days). Following Crawford's evaluation criteria [13], we achieved 27 excellent, five 

good, four fair, and no poor results (Figure 3, Table 2).  

 

Figure 3. Range of motion (ROM) of the right middle finger of a 14-year-old girl treated with mallet 

fracture 2.5 years after surgery showing no extension lag (a) and full flexion (b). 

Three children experienced superficial infection at the pin site during the fourth and fifth 

postoperative weeks, while in one scenario we noticed dermal necrosis, which was resolved with pin 

removal and appropriate dressing. In a single instance, signs of osteomyelitis were observed, and 

resolution was achieved through immobilization and the administration of oral antibiotics. No other 

complications, such as non-union, fractures of bone fragments, or nail-plate deformities, were 

observed. 
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4. Discussion 

The literature provides an extensive selection of approaches for managing adolescent mallet 

finger fractures. In the majority of cases, the use of either an aluminum splint or a Brooks splint proves 

to be an effective treatment option [13]. Several authors advocate for conservative treatment for 

nearly all mallet finger injuries, with comparative studies showing no clinically significant functional 

difference, between those treated with splinting, and those treated with K-wire fixation [3,12,27]. Yet 

prolonged discomfort from splinting may present challenges with compliance, underscoring the 

importance of patients adhering well to ensure the success of the conservative treatment plan. The 

above might be particularly important amongst the pediatric population. In addition, some patients 

with large fracture fragments treated with splinting may reportedly present with secondary 

subluxation [28]. A new non-operative treatment method, using low-intensity pulsed ultrasound 

(LIPUS) has recently been described in the literature as an alternative to splinting. It does not limit 

the active ROM, which seems to be the biggest hurdle and compliance difficulty when using splints. 

In a preliminary study with a limited number of cases, they observed similar functional outcomes 

between LIPUS treatment and Ishiguro’s method for mallet fractures involving a large fragment [29]. 

Largely displaced fractures (more than 30 % of the articular surface) and the presence of palmar 

subluxation are the most frequently described indications for surgery, which align with our clinical 

practice. Other factors, including cosmetic appearance and the need for patients to maintain fine 

manual dexterity, should also be considered [3,12]. 

Ishiguro initially described extension block pinning in 1988 for the treatment of mallet finger 

fractures [17]. It introduced a relatively easy, quick method, allowing the closed reduction of the 

fracture, which reduces the possibility of the fragment becoming comminuted. A notable drawback 

however is its inability to provide sufficient stability without the use of splinting [3,20,21]. 

Pegoli et al carried out the most extensive study examining the technique to date, who assessed 

65 patients with bony mallet injuries treated with extension block pinning. Their findings revealed 

that 78% of the patients achieved an excellent to good outcome on Crawford’s scale during follow-

up, while 13 patients reported fair outcomes, which they attributed to poor initial reduction. They 

also reported a total complication rate of 5% [21]. We got comparable functional results, with 89% of 

our patients attaining an excellent or good outcome, and only four patients had a fair Crawford result. 

It is notable however that while Pegoli et al. included six cases in their study, who were treated more 

than five weeks following the initial injury, we excluded such patients. Comparatively, our overall 

complication rate was 14%, although these were mainly slight complications. To prevent skin 

irritation, we cut off the wires outside the skin. 

There are some recent variations known to percutaneous K-wire pinning and the extension block 

technique to treat mallet fractures. Perez-Lopez et al. described the reverse Ishiguro technique, 

promising an easier and more stable reduction of the fragment [30], Another variation, using a single 

K-wire has also been described in the literature, called the Umbrella technique. According to Rocchi 

et al., this method seems to provide better (although not statistically significant) functional results 

and lower complication rates compared to Ishiguro’s technique, when treating fractures with a large 

fragment. However, it presents a greater challenge, with the technique involving intraoperative 

modification of the K-wire shape and the utilization of a custom-made thermoplastic splint [31]. 

Another novel technique that allows early active ROM is called the Delta wire technique, described 

by Kim et al. in 2013 [32]. According to a comparative study by Chee WH et al., while it does allow 

earlier mobilization during the treatment period, it does not lead to clinically better functional results 

[3,33]. 

Utilizing open reduction and fixation techniques, including interosseus sutures, K-wires, and 

mini screws could help with achieving more precise anatomical reduction and greater stability, but 

they are usually associated with higher complication rates [3,24,25]. In 2007, Teoh and Lee detailed 

the utilization of a hook plate for mallet finger injuries [22]. The main advantage of the technique is 

that reduction and stable fixation can be achieved without the placement of a screw through the 

avulsed fragment. Usage of a hook plate is associated with good functional outcomes when compared 
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to Ishiguro’s technique, with the greatest reported disadvantage being the presence of nail 

deformities and the undesirable aesthetic appearance of the finger with the plate in place [3,34].   

This study's exploration into the extension block technique for adolescent mallet finger injuries 

brings a refreshing perspective to pediatric orthopedics. The high frequency of excellent and good 

outcomes emphasizes its efficacy, aligning with the literature, and also underscoring a unique 

application in the pediatric cohort, where treatment nuances differ significantly from adult cases [21]. 

Notably, the minimal complications, such as superficial infections, highlight the technique's safety, 

which is particularly crucial in pediatric care, where balancing efficacy and safety is paramount. The 

absence of more severe complications in our study is encouraging and supports the technique's 

suitability for this vulnerable population. 

However, the retrospective nature of the study, while providing valuable insights, also imposes 

limitations. Prospective studies, preferably with larger and more diverse populations and in more 

varied clinical scenarios, are essential to validate these findings further. Additionally, comparing the 

extension block technique directly with other treatment modalities could offer a more thorough 

understanding of its relative effectiveness. Future research directions could explore patient-reported 

outcomes, such as post-treatment scarring, pain levels, and other functionality. Crafting a 

randomized and blinded management environment may be able to further generalize the results by 

reducing bias. Long-term, at least five years of follow-ups, would also be beneficial to assess any 

delayed complications (for example posttraumatic arthritis) or recurrence, which are critical aspects 

of pediatric orthopedic interventions. 

5. Conclusions 

Ishiguro’s extension block technique proves to be a highly effective and reliable method for 

treating adolescent mallet finger fractures, achieving excellent to good functional outcomes in 89% of 

cases with minimal complications. All cases achieved bone union within an average of 42 days, and 

complications were minor, including superficial infections (8%) and a rare instance of osteomyelitis 

(3%). The technique offers stable fracture fixation, minimizing the risk of comminution and allowing 

early mobilization, making it particularly suitable for the pediatric population. 

While these results are promising, the study's retrospective design and small sample size suggest 

the need for prospective studies with larger cohorts to confirm these findings. Future research should 

also investigate long-term outcomes, patient-reported pain and functionality, and comparisons with 

other treatment modalities. These steps will help establish the technique's comprehensive efficacy 

and potential to become a standard treatment for adolescent mallet finger injuries.  
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