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Introduction

The base of the proximal phalanx is a frequent site of fractures in chil-
dren, as noticed by multiple studies [1,2]. These fractures often fall 
into three categories: epiphyseal, juxta-epiphyseal, and metaphyseal 
[3]. They usually involve the small finger, resulting in an abduction 
deformity known as the extra-octave fracture due to ulnar angula-
tion. Proper management of pediatric proximal phalanx base frac-
tures is of importance, as improper treatment can lead to significant 
remodeling due to the proximity to the physis and the multiplanar 
motion of the metacarpophalangeal (MCP) joints [4]. This can result in 
deformities that impair hand function [5], potentially necessitating 
surgical intervention [6]. While closed reduction with casting or 
splinting is often successful, open reduction may be required for dis-
placed fractures with soft tissue involvement or unstable fractures. 
Various fixation approaches have been documented in previous 
study [7], with closed reduction and percutaneous pinning (CRPP) 
being a common treatment for unstable fractures [8]. Al-Qattan et al. 
[9] demonstrated successful treatment of mildly displaced juxta-epi-
physeal fractures using closed reduction and splinting without 
complications. 

The choice regarding the number of K-wires used for pediatric 
proximal phalanx base fractures is primarily guided by the surgeon’s 
discretion or the nature of the fracture. Nonetheless, the influence of 
the number of K-wires on clinical outcomes remains a topic of 

ongoing uncertainty. This study aims to evaluate and compare the 
complications and outcomes associated with the treatment of 
displaced proximal phalanx fractures in children using single versus 
double K-wire pinning.

Materials and methods

Patients

A single institutional retrospective chart review of all pediatric 
patients under the age of 16 years old with closed fractures of the 
base of the proximal phalanx from January 2016 to February 2022 
was performed. Inclusion criteria were patients with three types of 
commonly encountered proximal phalanx base fracture, epiphyseal 
(the fracture line goes through the growth plate as well as a small 
metaphyseal fragment at the ulnar or radial corner), juxta-epiphyseal 
(the fracture line is transverse along the metaphyseal subchondral 
bone, 1–2 mm distal to the growth plate) and metaphyseal (the frac-
ture line is through the metaphysis distal to the juxta-epiphyseal frac-
ture line), as classified in study by Al-Qattan et al. [3]. Patients who 
were treated with closed pinning technique with single or double 
K-wires with complete clinical and radiographic data were included in 
this study. We excluded patients treated with closed reduction alone 
or open reduction. Those with open fractures and other associated 
conditions such as tendon or neurovascular injuries were also 
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Purpose: The most common hand fracture in children is seen at the base of the proximal phalanx. This study 
aims to compare clinical outcomes of single versus double Kirschner wire pinning for pediatric proximal pha-
lanx base fractures.
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Results: This study included 37 pediatric patients with proximal phalanx base fractures, treated with either 
single (n = 10) or double K-wire (n = 27) fixation. The mean operation time was significantly shorter for the 
single K-wire group. No significant differences were observed in complication rates, TAFS, implant removal 
times, MHQ, or pre- and post-operative DHA between the two groups.
Conclusion: The single K-wire technique demonstrates similar effectiveness to the double K-wire technique 
in treating pediatric proximal phalanx base fractures, with the added benefit of shorter operation time. 
Therefore, the choice between using one or two K-wires should be determined based on the surgeon’s profi-
ciency and preference.
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excluded (Table 1). The following demographic data were docu-
mented: age, sex, laterality, injured finger, mechanism of injury and 
operation time (Tables 2 and 3). All patients underwent anteroposte-
rior, both oblique and lateral radiographs of both affected and unaf-
fected fingers to assess the type of fracture (epiphyseal, metaphyseal 
or juxta-epiphyseal) and the amount of displacement on the coronal 
plane by measuring the diaphyseal axis-metacarpal head angle 
(DHA). Hand radiographs were obtained during each follow-up 
appointment. Fractures were considered healed when radiographic 
evidence showed the fracture line had disappeared and distinct bony 
trabeculae were visible across the fracture site. Once bone union was 
determined to be achieved, the K-wire was manually removed in the 
outpatient clinic, and the splint was taken off.

Surgical method

All surgical procedures were conducted under general endotracheal 
anesthesia. A pneumatic tourniquet was positioned on the upper arm 
and inflated following the elevation of the upper limb. In the operat-
ing room, the fractures of the proximal phalanx base were reduced 
and their stability was evaluated. Real-time C-arm fluoroscopy was 
employed to assist in fracture reduction via manual longitudinal trac-
tion and manipulation in all operations. 

The affected finger was positioned in the intrinsic-plus position, 
and two crossed K-wires (sizes: 0.7–1.0 mm) were inserted from the 
radial and ulnar aspects of the proximal phalanx and drilled into the 
opposite cortex to achieve bicortical fixation. If cross fixation was not 

Table 1.  Patients’ information with single and double K-wire fixation.
Patient no. Sex Age (year) No. of K-wire Injured finger Mechanism of 

injury
Fracture type K-wire removal 

(week)

1 M 12 1 R5 Fall down E 3
2 F 6 1 R5 Fall down E 3
3 M 9 1 L4 Sports activity E 5
4 M 9 1 R5 Fall down E 4
5 M 7 1 L5 Sports activity J 4
6 M 13 1 L5 Sports activity J 5
7 M 6 1 L5 Fall down J 4
8 F 3 1 L5 Fall down J 3
9 M 9 1 L5 Sports activity J 4
10 M 13 1 R5 Sports activity M 4
11 M 5 2 L5 Sports activity E 5
12 M 12 2 R5 Sports activity E 4
13 M 11 2 R5 Fall down E 4
14 M 11 2 L4 Fall down E 5
15 M 11 2 L5 Sports activity E 4
16 F 10 2 L5 Sports activity E 3
17 M 8 2 L5 Sports activity E 3
18 F 13 2 R5 Fall down E 3
19 M 14 2 L5 Sports activity E 4
20 F 9 2 R5 Fall down E 4
21 M 6 2 R3 Fall down E 5
22 M 15 2 L5 Fall down E 3
23 M 9 2 R5 Sports activity E 3
24 M 15 2 L5 Fall down J 5
25 M 7 2 L5 Fall down J 5
26 M 4 2 L5 Fall down J 3
27 M 12 2 R5 Sports activity J 5
28 M 10 2 L5 Sports activity J 5
29 M 9 2 R5 Sports activity J 3
30 M 8 2 L5 Fall down J 4
31 M 9 2 R3 Sports activity J 5
32 M 8 2 L5 Sports activity M 3
33 F 16 2 L5 Fall down M 4
34 M 7 2 R5 Sports activity M 4
35 M 7 2 L5 Sports activity M 4
36 F 15 2 L5 Fall down M 4
37 M 14 2 R5 Sports activity M 4
No., number; R, right; L, left; K-wire, Kirschner wire; E, epiphyseal; J, juxta-epiphyseal; M, meta-epiphyseal.

Table 2.  Comparison of demographics between single and double K-wire 
groups.
Demographics Single Double

No. of patients
  Male (%) 8 (80.0) 22 (81.5)
  Female (%) 2 (20.0) 5 (18.5)
Mean age (years) 8.7 ± 3.3 10.2 ± 3.3
Mechanism of injury
  Fall down (%) 5 (50.0) 12 (44.4)
  Sports activity (%) 5 (50.0) 15 (55.6)
Right: Left ratio 4:6 11:16
Injured finger
  Little finger (%) 9 (90.0) 24 (88.9)
  Ring finger (%) 1 (10.0) 1 (3.7)
  Middle finger (%) 0 2 (7.4)
Type of fracture
  Epiphyseal (%) 4 (40.0) 13 (48.1)
  Juxta-epiphyseal (%) 5 (50.0) 8 (29.6)
  Meta-epiphyseal (%) 1 (10.0) 6 (22.2)

Table 3.  Measurement of total active flexion scale and rating.
Degree of flexion Rating

TAF from MCPJ to DIPJ: 2nd to 5th finger
  >220° Excellent
  120–80° Good
  <80° Poor
TAF, Total Active Flexion; MCPJ, metacarpophalangeal joint; DIPJ, distal 
interphalangeal joint
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possible, two K-wires were inserted from ulnar side in lateral divergent 
configuration for adequate stabilization. 

In cases where the surgeon opted for the single K-wire pinning 
method, a retrograde single K-wire was inserted from the ulnar side of 
the proximal phalanx to stabilize the fracture site. Care was taken to 
avoid penetrating the articular surface while inserting the K-wires. 
The pins were left protruding from the skin to facilitate removal 
during a clinic visit.

Postoperatively, patients were placed in a cast while still in the 
operating room and admitted for intravenous antibiotic treatment 
using first-generation cephalosporin, along with daily pin dressings. 
Following discharge, patients visited the outpatient clinic every 2–3 
days for pin dressings, and X-rays were taken once a week. Once bone 
union was observed in radiograph images, the cast and K-wires were 
removed at the outpatient clinic. Afterwards, patients were instructed 
to progressively mobilize the MCP joint as tolerated. 

Assessment

Diaphysial axis–metacarpal head angle 

The DHA is the angle formed between the longitudinal axis of the 
proximal phalanx diaphysis and the central point of the metacarpal 
head. Normal DHA values range from 177.1° to 180.0°. An abnormal 
value suggests that the fracture displacement requires surgical inter-
vention and may be accompanied by conditions such as finger devia-
tion or scissoring. This angle has been employed in previous study to 
evaluate fracture displacement at presentation, assess reduction ade-
quacy post-management, and determine the extent of remodeling 
during follow-up [10].

Two physicians, not involved in the operation, measured the DHA 
for each finger using antero-posterior view radiographs. All radiographs 
were accessed through the hospital’s computer system, and 
measurements were conducted using the ‘angle’ icon on the computer. 
The researchers placed three points on the screen at the center of the 
proximal phalanx head, the center of the phalangeal metaphysis base, 
and the center of the metacarpal head, in that order. The computer 
calculated the DHA, which was displayed on the screen. Both the initial 
radiographic image and the most recent follow-up image were used to 
measure the patient’s DHA. The improvement in DHA was then 
calculated and subjected to statistical analysis (Figure 1).

Total Active Flexion Scale

The Total Active Flexion Scale (TAFS), introduced by the American 
Society for Surgery of the Hand, is a widely utilized anatomical evalu-
ation system [11] . Total active hand motion is calculated by summing 
the active flexion of the MCP, proximal interphalangeal, and distal 
interphalangeal joints (subtracting extension deficits of each joint). 
The resulting scores are classified as good (total: 220°–270°), fair 
(180°–220°), or poor (<180°) (Table 3). One year after the surgery, 
patients’ injured hands were assessed for total active range of motion 
(ROM) using the TAFS during their outpatient clinic visit.

Michigan Hand Outcomes Questionnaire 

Patients completed the Michigan Hand Outcomes Questionnaire 
(MHQ) in the outpatient clinic or by phone one-year post-procedure. 
The MHQ is a self-reported survey with six scales: (1) overall hand 
function, (2) daily activities, (3) work performance, (4) pain, (5) aes-
thetics, and (6) satisfaction. Participants rate items on a 1 (very good) 
to 5 (very poor) scale [12]. 

Final scores for each scale are calculated and an overall MHQ score 
is obtained by dividing the sum of the scores by 6. Ranging from 0 
(very poor) to 100 (very good), the MHQ score assesses overall hand 
performance.

Statistical analysis

The statistical difference was calculated using the Student’s t-test for 
continuous variables, which followed a normal distribution and 
Mann–Whitney test for those not following a normal distribution. A 
p-value of less than 0.05 was taken as significant. Statistical analysis 
was conducted using IBM SPSS Statistics-Version 26.0 for Windows 
(IBM Corp., Armonk, NY, USA).

Ethics

This study was performed in accordance with the Declaration of 
Helsinki. The need for patient consent was waived owing to the 
study’s retrospective nature, and the study design was approved by 
the Institutional Review Board of Gwangmyeong Sungae Hospital. 
(No. KIRB-2023-N-005).

Results

In this study, a total of 37 pediatric patients with proximal phalanx 
base fractures were treated surgically, 30 (81.1%) males and 7 
(18.9%) females. The patients were divided into two groups based 
on the fixation method: single K-wire (n = 10) and double K-wire (n 
= 27). The distribution of gender was similar in both groups, with 
80.0% males in the single K-wire group and 81.5% males in the dou-
ble K-wire group. The mean age at the time of injury was 8.7 ± 3.3 
years (range, 3 ~ 13) in single K-wire group and 10.2 ± 3.3 years 
(range, 4 ~ 16) in double K-wire group. The difference in age was not 
statistically significant (p = 0.2)

The primary mechanisms of injury were falls (n = 17, 45.9%) and 
sports activities (n = 20, 54.1%). In the single K-wire group, 50.0% of 
the injuries were due to falls, while in the double K-wire group, 
44.4% were attributed to falls. Sports activities accounted for 50.0% 

Figure 1.  (A) DHA is measured using three points on the plain anteroposte-
rior radiograph. The green circle indicates the center of the metacarpal head. 
The red circle indicates the center of the base of the phalangeal metaphysis. 
The blue circle indicates the center of the head of the proximal phalanx. (B) A 
case with epiphyseal fracture presenting with a preoperative DHA of 159.93° 
(C) Improved DHA (178.89°) shows successful treatment of proximal phalanx 
base fracture.

(A) (B) (C)
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of the injuries in the single K-wire group and 55.6% in the double 
K-wire group.

The right to left ratio of injured hands was 4:6 for the single K-wire 
group and 11:16 for the double K-wire group. The most commonly 
injured finger was the little finger, accounting for 90.0% of cases in 
the single K-wire group and 88.9% in the double K-wire group. Ring 
finger injuries represented 10.0% of cases in the single K-wire group 
and 3.7% in the double K-wire group. No middle finger injuries were 
observed in the single K-wire group, while 7.4% of cases in the double 
K-wire group involved middle finger injuries.

Regarding the type of fracture, 40.0% were epiphyseal, 50.0% 
juxta-epiphyseal, and 10.0% meta-epiphyseal in the single K-wire 
group. In contrast, the double K-wire group had 48.1% epiphyseal, 
29.6% juxta-epiphyseal, and 22.2% meta-epiphyseal fractures.

The mean operation time for the single K-wire group was 27.50 ± 
8.25 min while the double K-wire group had a longer operation time 
of 33.74 ± 5.61 min. The difference was statistically significant, with a 
p-value of 0.012. (Table 4)

In terms of complications, 1 (10%) patient in the single K-wire 
group experienced malrotation, while 2 (7.4%) patients in the double 
K-wire group had stiffness. The difference in complication rates 
between the two groups was not statistically significant.

Regarding the TAFS, the single K-wire group had 10 (100%) 
patients with good outcomes, while the double K-wire group had 25 
(92.6%) patients with good outcomes and 2 (7.4%) patients with fair 
outcomes. No poor outcomes were observed in either group. The 
difference in TAFS between the two groups was not statistically 
significant, with a p-value of 0.38.

All patients achieved bone union of the fracture site. The average 
time for implant removal was 3.90 weeks in the single K-wire group 
and 4.06 weeks in the double K-wire group. The difference was not 
statistically significant, with a p-value of 0.729.

The mean MHQ score for the single K-wire group was 99.7 ± 3.00, 
while for the double K-wire group, it was 99.74 ± 4.50. There was no 
significant difference in the MHQ scores between the two groups, 
with a p-value of 0.8. (Table 5)

The DHA was assessed pre- and post-operatively for both single 
and double K-wire groups. In the single K-wire group, the pre-
operative DHA was 165.93 ± 8.48, and the post-operative DHA 
improved to 177.07 ± 1.99. This improvement was statistically 
significant, with a t-value of -5.44 and a p-value of <0.001.

In the double K-wire group, the pre-operative DHA was 163.69 ± 
9.17, and the post-operative DHA increased to 177.67 ± 1.75. This 
change was also statistically significant, with a p-value of <0.001.

When comparing the pre-operative DHAs between the single and 
double K-wire groups, there was no significant difference (p = 0.484). 
Similarly, there was no significant difference in the post-operative 
DHAs between the two groups (p = 0.417). (Table 6)

Case 1

A 7-year-old male patient sustained a juxta-epiphyseal fracture of 
the base of the proximal phalanx of his right little finger after sports 
activity. Preoperative radiographs and DHA revealed a significant 
displacement of 160.70° and a poor TAFS of 90° due to severe pain 
and swelling. The patient underwent a closed pinning procedure 
with a single K-wire. The operation time was 15 min. Four weeks 
postoperatively, bone union was observed, and the implant was 
removed at the outpatient clinic, allowing the patient to commence 
self ROM exercises. At the 1-year follow-up, the patient demon-
strated significant improvement, with a postoperative DHA of 
176.13°, a MHQ score of 100, and a TAFS of 260°, which falls into the 
‘good’ category. No complications were reported during the course 
of treatment and recovery (Figure 2).

Table 4.  Comparison and statistical analysis of operation time and 
complication between single and double K-wire groups.
items Single Double p

Operation time 
(mean ± SD, minutes)

27.50 ± 8.25 33.74 ± 5.61 0.012

Complication
  No. (%) 1 (10) 2 (7.4) 0.075
  Nature Malrotation Stiffness

Table 5.  Clinical assessment and comparison of TAFS, implant removal and 
MHQ score between single and double K-wire groups.
items Single Double p

TAFS 0.38
Good [n (%)] 10 (100) 25 (92.6)
Fair [n (%)] 0 2 (7.4)
Poor [n (%)] 0 0
Implant removal (week) 3.90 4.06 0.729
MHQ score (mean ± SD) 99.70 ± 3.00 99.74 ± 4.50 0.8
TAFS, Total Active Flexion Scale; MHQ, Michigan Hand Outcomes 
Questionnaire.

Table 6.  Comparison of radiographic results between single and double 
K-wire groups.
items DHA t p

Pre Post

Single 165.93 ± 8.48 177.07 ± 1.99 -5.44 <0.001
Double 163.69 ± 9.17 177.67 ± 1.75 -7.86 <0.001
t 0.71 -0.82
p 0.484 0.417
DHA, Diaphysial axis-metacarpal head angle.

(A) (B)

(D) (E)

(C)

Figure 2.  (A) Preoperative X-ray image (B) Postoperative X-ray image (C) Fol-
low-up X-ray image at postoperative 1 year (D) Preoperative range of motion 
(E) Postoperative range of motion.
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Case 2

A 10-year-old male patient presented with an epiphyseal fracture at 
the base of the proximal phalanx of his right little finger, incurred as 
a result of a fall down injury. Preoperative radiographic imaging 
and DHA indicated a displacement of 160.05° and a TAFS of 135°. 
The patient underwent a closed pinning intervention employing 
dual Kirschner wires, with the procedure lasting 25 min. Bone union 
was observed radiographically at 3 weeks postoperation, at the 
K-wire was removed at this point in the outpatient clinic. The 
patient initiated self-directed ROM exercises. At the 1-year postop-
erative follow-up, the patient displayed notable improvements, as 
evidenced by a DHA of 177.52°, a MHQ score of 100, and a TAFS of 
265°, which corresponds to the ‘good’ classification. No complica-
tions were reported throughout the treatment and recovery pro-
cess (Figure 3).

Discussion

In this study, we compared the outcomes of two fixation methods for 
pediatric proximal phalanx base fractures: single K-wire and double 
K-wire. Our results indicate that both methods provide satisfactory 
outcomes in terms of functional recovery and patient satisfaction. 
There were no significant differences in TAFS, MHQ scores, and DHA 
improvements between the two groups. However, the single K-wire 
group had a shorter operation time compared with the double K-wire 
group.

The patient demographics were similar between the two groups, 
with a higher proportion of males and little finger injuries. This finding 
is consistent with previous studies on hand injuries, which have 
reported a higher incidence of hand fractures in males and little finger 
injuries being the most common [4, 13,14]. The primary mechanisms 
of injury were falls and sports activities, reflecting the high level of 
physical activity in the pediatric population [15]. Antero-posterior 

and true lateral X-rays are pivotal and generally provide precise 
information for diagnosis of fracture and dislocation [16]. In our study, 
we conducted serial routine X-rays for all patients, which helped 
prevent cases of misdiagnosis or delayed diagnosis.

Malone et al. [17] has stated that bone healing may differ depending 
on the age of the pediatric patient. Their result has shown that children 
aged between 0 and 1 year exhibit faster healing times in fractures 
accompanied by the absence of bridging and callus formation 
compared with children aged between 4 and 5 years. In our study, 
however, we did not observe a significant age difference between the 
two groups, and the age difference was not statistically significant. 
Therefore, it is difficult to interpret that the age difference between the 
two groups in our study significantly influenced the outcomes. It is 
worth noting that the age range of the target group in the previous 
study tends to be lower than that of the patient population in our 
study. Therefore, for the accurate application of research results, the 
age groups should be expanded in future studies. This would allow for 
the inclusion of older children and adolescents in the investigation of 
the influence of age on bone healing in pediatric fractures.

The shorter operation time in the single K-wire group can be 
attributed to the simpler surgical procedure, as only one K-wire is used 
for fixation. This finding is important as shorter operation times during 
fracture operation have been associated with reduced blood loss, 
lower infection rates, and faster recovery [18,19]. All surgical procedures 
were conducted under general endotracheal anesthesia, but local 
anesthesia can also be encouraged in pediatric patients according to 
specific surgical settings and organizational models [20,21].

Furthermore, the single K-wire technique can minimize 
unnecessary radiation exposure during surgery. Due to the closed 
nature of this study’s surgical procedures, C-arm fluoroscopy was 
inevitably used, exposing patients to radiation during surgery. The 
importance of radiation safety during intraoperative use of 
fluoroscopy has been emphasized in previous study [22]. The single 
K-wire technique could be beneficial not only for patients but also for 
surgeons, particularly orthopedic surgeons and operating room staff. 
Orthopedic surgeons have been shown to have an increased 
incidence risk of cancer compared with non-exposed workers [23]. 
Using this surgical method could reduce the total radiation dose, 
alleviating concerns and potential risks for medical staffs. Additionally, 
the pediatric patients’ guardians may be more satisfied with the 
surgery, knowing that the radiation exposure to their child is 
minimized. It is essential to have thorough discussions with the 
guardians regarding these matters before the surgery.

One interesting point to note is the role of patient age and bone 
quality in the choice of fixation method. The patterns of bone 
formation and joining in pediatric skeleton lead to variations in 
fracture susceptibility and the healing duration for specific bone 
areas. Moreover, the enhanced blood supply and specific 
characteristics of the periosteal layer contribute to a quicker healing 
process in pediatric bones [24], which may influence the decision to 
use a single or double K-wire fixation. It cannot be guaranteed that 
the same results can be obtained in the adult population. Our study 
did not specifically investigate this factor, and future research may be 
warranted to explore the impact of patient age and bone quality on 
the choice of fixation method.

Our results demonstrate no significant differences in TAFS and 
patient satisfaction (MHQ scores) between the two groups. This 
finding suggests that both single and double K-wire fixation methods 
provide satisfactory results in terms of hand function and patient 
satisfaction.

In terms of complications, the rates were relatively low in both 
groups, with only one patient experiencing malrotation in the 
single K-wire group and two patients having stiffness in the double 

(A) (B)

(D) (E)

(C)

Figure 3.  (A) Preoperative X-ray image (B) Post-operative X-ray image (C) Fol-
low-up X-ray image at postoperative 1 year (D) Preoperative range of motion 
(E) Postoperative range of motion.
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K-wire group. Complications related to K-wire fixation in the hand 
and wrist are relatively rare, with most issues involving minor, 
superficial pin track infections [25]. Pediatric proximal phalanx 
fractures can present complications such as pain, reduced ROM, 
minor deformity, internal rotation, extensor lag, and premature 
closure of the growth plate [26]. The low complication rates in our 
study are encouraging and demonstrate the effectiveness of both 
fixation methods in managing pediatric proximal phalanx base 
fractures. The number of K-wires used does not appear to have a 
significant relationship with the complication rate, so considering 
this factor may not be necessary.

K-wire removal in the clinic is a common practice, and previous 
research suggests that removing K-wires in an office setting is safe 
and acceptable [27]. In our study, all patients underwent manual 
K-wire removal during outpatient follow-ups after bone union was 
observed on X-rays. The K-wires were removed using a gentle twist 
and pull motion with pliers. No issues related to the K-wire removal 
procedure occurred at our institution, and patient compliance was 
generally acceptable. Unfortunately, we could not objectively 
compare these using methods such as Children’s Hospital of Eastern 
Ontario Pain Scale (CHEOPS) and future research using such objective 
tools to study the relationship between factors such as pain and the 
K-wire removal process in our patient population would be beneficial. 
Using only one K-wire might provide potential benefits in terms of 
cost and patient satisfaction, as the removal process is shorter and 
requires less dressing. However, further objective research is needed 
to confirm this.

Early mobilization is advised for adult phalanx fractures to reduce 
the risk of stiffness. Immobilizing fingers for more than 3 weeks can 
result in stiffness, so patients typically begin an early therapy program. 
However, many adults still experience stiffness post-surgery, as 
evidenced by a 52% complication rate in a prior study [28]. In contrast, 
our study showed low complication rates and satisfactory outcomes 
in pediatric patients, even with 3–4 weeks of immobilization. Notably, 
our pediatric patients did not participate in a formal rehabilitation 
program due to the lack of pediatric physical therapy in our clinic and 
low compliance rate of pediatric population; they self-rehabilitated 
through manual exercises after pin removal. This indicates that 
inherent qualities of pediatric bone, such as faster bone healing and 
higher bone remodeling capacity, contribute to achieving outcomes 
and stability with just one K-wire that are comparable to those 
achieved with two K-wires. We attribute this to children’s increased 
likelihood of avoiding stiffness and adhesions following surgeries 
[29]. However, physical therapy may still yield better results in 
pediatric patients, and including it as an independent variable in 
future research could potentially reveal new findings.

Biomechanical study by Fyfe et al. [30] has revealed that single 
intramedullary K-wire fixation method for proximal phalanx fracture 
provided the least stability compared with other fixation methods 
including double K-wire pinning, intraosseous wiring and oblique 
K-wire, lateral plating and dorsal plating. However, this study is 
limited to moistened human cadaveric study. Biomechanical 
evaluations do not sufficiently examine aspects such as the scope of 
necessary soft tissue dissection or the potential demand for 
subsequent hardware extraction [31]. Therefore, it seems that 
previous studies have not adequately reflected the physiological 
characteristics of pediatric bones. The result of our comparative 
study has shown that single K-wire technique achieved high 
stability, sufficient fixation, and satisfiable ROM in all patients 
comparable to double K-wire technique. Nevertheless, our 
comparison was limited to single and double fixation methods, and 
it appears that further comparisons with other techniques are 
necessary in the pediatric patient population.

Another limitation of our study is the relatively small number of 
patients, with the single K-wire group having fewer participants 
compared with the double K-wire group. As a result, our findings are 
preliminary, and additional research with extended follow-up 
periods  and larger cohorts is recommended. Moreover, the study’s 
retrospective nature presented certain limitations. In addition, 
potential errors and bias may arise from human-scored evaluations, 
even when using objective assessment tools.

Conclusion

Our study demonstrates that both single and double K-wire fixation 
techniques yield satisfactory functional outcomes and patient satis-
faction in pediatric proximal phalanx base fractures. However, the 
single K-wire approach offers the benefits of reduced operation time 
while still providing comparable stability. When selecting the most 
suitable number of K-wires for treating pediatric patients with proxi-
mal phalanx base fractures, surgeons should consider these factors, 
as well as their own preferences and proficiency.
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