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ABSTRACT
We report a case of a 14-year-old Asian male who presented with a Salter–Harris Type II injury of the proximal tibial epiphysis 
and a fibular fracture following a minor mechanism of injury. The patient was emergency transported to our hospital with com-
plaints of pain and flexion deformity around the left knee following a contusion. Imaging studies confirmed the diagnosis of a 
Salter–Harris Type II injury of the proximal tibial epiphysis. Given the minor mechanism of injury, blood tests revealed vitamin 
D deficiency. Under general anesthesia, manual reduction and percutaneous pin fixation were performed, resulting in good bone 
union and functional recovery. This case highlights the importance of considering vitamin D status when managing pediatric 
fractures following minor mechanisms of injury or unusual fractures and epiphyseal injuries.

1 | Introduction

Proximal tibial physeal injuries are uncommon, accounting 
for approximately 0.6%–2.1% of all physeal injuries [1,  2] and 
primarily occur during early childhood, typically between the 
ages of 3 and 6 [3]. These injuries are often reported to result 
from falls or collisions involving relatively high energy [4]. It 
is uncommon for such an injury to occur at the age of 14 with 
a minor mechanism of injury, as in this case. In this paper, a 
minor mechanism of injury is defined as an injury caused by 
less energy than that generated by falling from a standing posi-
tion, in accordance with the WHO definition [5]. Additionally, 
vitamin D deficiency has recently gained attention as a risk fac-
tor for pediatric fractures. Blood vitamin D levels below 20 ng/
mL have been reported to increase the risk of fractures [6]. 
This is because vitamin D is essential for bone mineralization 
and contributes to maintaining normal growth plate function 
[7]. Furthermore, it has been suggested that certain diseases 

causing vitamin D deficiency may render the growth plate car-
tilage vulnerable, potentially facilitating epiphyseal injuries [8]. 
In previous case reports of proximal tibial epiphyseal fractures, 
vitamin D deficiency has been suspected as a contributing fac-
tor [9]. In this report, we present an uncommon case of a male 
adolescent patient with a proximal tibial epiphyseal fracture and 
Salter–Harris Type II fracture caused by a minor mechanism of 
injury, in whom vitamin D deficiency was identified.

2 | Case Presentation

A 14-year-old Asian male tripped and fell forward while clean-
ing at school, striking his left knee in a flexed position against 
the stairs, resulting in injury. Immediately after the injury, he 
experienced pain in the left knee and a flexion deformity of the 
proximal tibia, with the left knee unable to extend and difficulty 
walking, leading to emergency transport to our hospital.
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2.1 | Physical Examination Results

There were no significant past medical conditions other than 
constipation, which had been treated at a local clinic 2 weeks 
prior to the injury. The patient and his parents confirmed that 
there was no history of easy fractures, food allergies, or picky 
eating. The patient's height was 173 cm (+1.1 SD), weight 
was 63.8 kg (+1.3 SD), and BMI was 21.3, with no obesity or 
malnutrition.

At the time of examination in our department, the patient's 
vital signs were stable. There was a contusion around the left 
knee, but no open fracture was observed. The left knee was 
flexed at 100° and could not be extended. The popliteal ar-
tery and dorsalis pedis artery were palpable, and the ankle 
and toes had active movement. No neurological abnormalities 
such as numbness, sensory abnormalities, or muscle weakness 
were noted.

2.2 | Results of Pathological Tests and Other 
Investigations

Based on plain x-ray and plain CT imaging, the diagnosis was a 
Salter–Harris Type II injury of the proximal tibial epiphysis and 
left fibular fracture (Figures 1a,b and 2).

Given the minor mechanism of injury and the rarity of the 
epiphyseal injury, rickets and vitamin D deficiency were consid-
ered differential diagnoses, and additional tests were performed, 
including plain x-ray images of the wrist and blood tests to eval-
uate serum calcium, serum phosphorus, serum alkaline phos-
phatase (ALP), and 25-hydroxyvitamin D (25OHVitD) levels. 
Plain radiographs of both wrists showed no findings suggestive 
of rickets (Figures 1c,d and 3).

Blood tests revealed serum calcium levels of 9.4 mg/dL, serum 
total phosphorus levels of 3.5 mg/dL, serum ALP levels of 
226 IU/L, and serum 25(OH) vitamin D levels of 15 ng/mL. 

Calcium, phosphorus, and ALP were within the normal range 
(Table 1). Serum 25(OH) vitamin D levels were deficient [10].

2.3 | Differential Diagnosis

This is an uncommon case of epiphyseal injury in an adolescent 
boy due to minor trauma, with a suspected fragility fracture. 
The differential diagnoses included diseases that cause bone 
fragility, such as rickets and hypophosphatasia. However, based 
on the plain x-ray images and blood test results, rickets and hy-
pophosphatasia were ruled out, and only vitamin D deficiency 
was identified.

2.4 | Treatment Plan

It was decided to perform surgical treatment on the day of 
admission. Under general anesthesia, traction was applied 
to the left lower leg, and the anterior aspect of the left knee 
joint (particularly around the tibial tuberosity) was com-
pressed from the front. This relieved the flexion deformity 
and achieved an appropriate reduction. However, upon releas-
ing the traction and compression, the flexion displacement 
recurred. Furthermore, during manual flexion and extension 
of the knee joint for the purpose of ROM assessment, the flex-
ion deformity readily reappeared, with marked instability 
evident. Consequently, we determined that manual reduction 
alone could not maintain the reduced position, rendering con-
servative treatment inadequate. Due to residual instability, a 
3.0-mm K-wire was inserted at the medial and lateral mid-
points of the left proximal tibial fragment, angled 45° later-
ally from the tibial axis, and advanced until it penetrated the 
contralateral cortical bone, thereby creating a cross-pinning 
configuration to stabilize the proximal and distal fragments. 
The intersection of the cross-pinning was positioned distal to 
the fracture line. After K-wire insertion, the stability of the 
fracture site was assessed. Flexion displacement did not occur 
even when traction and compression were released, and the 

(a)
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FIGURE 1   |   Initial radiographs of both knees. (a) Plain x-ray image of the left knee joint at the time of the initial visit to our department. 
Anteroposterior (AP) view of the left knee showing a proximal tibial physeal fracture (arrow) and a fibular fracture (arrow). (b) Plain x-ray image of 
the left knee joint at the time of the initial visit to our department. Lateral view of the left knee demonstrating displacement of the proximal tibial 
physeal fragment (arrow) and a fibular fracture (arrow). (c, d) Plain x-ray image of the right knee joint at the initial visit to our department. There are 
no findings suggestive of rickets, such as cupping or flaring: (c) AP view and (d) lateral view.
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reduced position was maintained. Furthermore, the reduced 
position was maintained even when the knee joint was pas-
sively flexed and extended (flexion 130° and extension 0°) 
(Figure 4). The left fibula had more than 50% contact and no 
instability, so fixation was not performed. Postoperatively, the 
left knee joint was positioned at 0° extension, the left ankle 
joint at mid-position, and a Seines splint was applied to cover 
the area from the mid-thigh to the toes.

2.5 | Actual Outcome

This case underwent imaging follow-up until 9 weeks postopera-
tively, at which point the functional knee brace was discontinued, 
and full weight-bearing walking was permitted. Table 2 shows the 
course of rehabilitation for this case. Furthermore, no apparent 
adverse events were observed throughout the follow-up period. 
Range of motion exercises for the ankle and toes were permitted 
starting at 2 weeks postoperatively, and range of motion exercises 
for the knee joint up to 30° of flexion were permitted starting at 3 
weeks postoperatively. At 4 weeks postoperatively, evaluation was 
performed using plain x-ray images, and since callus formation 
and bone union tended to be obtained (Figure 5), the K-wire was 
removed, the splint fixation was released, and a functional knee 
brace was applied. Since the wound healing was good, the patient 
was discharged home at 30 days postoperatively. Subsequently, fol-
low-up was performed every week with plain x-ray imaging at the 
outpatient clinic. At 5 weeks postoperatively, partial weight bear-
ing on the left lower limb (1/3) and knee flexion up to 60° were 
permitted. At 6 weeks postoperatively, partial weight bearing on 
the left lower limb (1/2) and knee flexion up to 90° were permit-
ted. At 7 weeks postoperatively, partial weight bearing on the left 
lower limb (2/3) and knee flexion up to 120° were permitted. At 8 

(a) (b) (c)

AP view M→L L→M

FIGURE 2   |   Initial plain CT images of the left knee. (a) Plain CT image of the left knee joint at the initial visit to our department. There is a Salter–
Harris Type II fracture (arrow) of the left proximal tibial epiphyseal line and a fracture (arrow) of the proximal fibular shaft. (b) Plain CT image of the 
left knee joint at the initial visit to our department, medial to lateral view. There is a Salter–Harris Type II fracture (arrow) of the left proximal tibial 
epiphyseal line. (c) Plain CT image of the left knee joint at the initial visit to our department, lateral to medial view. There is a Salter–Harris Type II 
fracture (arrow) of the left proximal tibial epiphyseal line and a fracture (arrow) of the proximal fibular shaft.

AP view  AP view

(a) (b)

FIGURE 3   |   Initial radiographs of both wrists. (a, b) Plain x-ray images of both wrist joints at the initial visit to our department. No findings sug-
gestive of rickets, such as cupping or flaring, were observed (AP view).

TABLE 1   |   Patient's preoperative laboratory data.

Lab Result Normal range

Calcium 9.4 mg/dL 8.6~10.1 mg/dL

Phosphorus 3.5 mg/dL 2.4~4.6 mg/dL

ALP 226 IU/L 122.5~472.5 IU/L

25-Hydroxyvitamin 
D [25(OH)D]

15 ng/mL ≧ 30 ng/mL: 
Sufficient 

20–29 ng/mL: 
Insufficiency 
< 20 ng/mL: 
Deficiency
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weeks postoperatively, full weight bearing and full flexion were 
permitted with the functional knee brace in place. At the 9-week 
postoperative simple x-ray evaluation, sufficient bone union was 
confirmed (Figure 6), and the functional knee brace was removed. 
Since then, the patient has returned to normal activities, including 
football, without functional limitations, and there has been no re-
currence of fracture or displacement. No deformities such as leg 
length discrepancy due to growth plate disorders, or genu varum 
or genu valgum, were observed during the short-term (9-week) 
follow-up period; however, longer follow-up (12–18 months, or 
until skeletal maturity) is necessary to monitor potential growth 
disturbances.

Additionally, regarding vitamin D deficiency, lifestyle guidance, 
including recommendations for vitamin D intake through diet, 
was provided to the patient and his parents.

3 | Discussion

Proximal tibial epiphyseal fractures are relatively rare epiphyseal 
fractures that primarily occur in young children aged 3–6 years 
[3]. If not appropriately treated, they may lead to deformities such 
as leg length discrepancy or valgus deformity, as well as growth 
disorders [3,  11], necessitating the maintenance of a definitive 
reduction. Vitamin D deficiency is also suspected as a potential 
cause in some cases [9]. This case involves a teenager who devel-
oped the injury following a minor mechanism of injury, and it is 
noteworthy for raising concerns about potential bone fragility.

Proximal tibial epiphyseal fractures are often treated with non-
surgical reduction [1]. In cases without displacement, conserva-
tive therapy with long-leg casting for 4–6 weeks is recommended, 
while surgical therapy using K-wires, screws, or locking plates 

AP view Lateral view

(a) (b)

FIGURE 4   |   Postoperative plain x-ray images of the left knee. (a) Plain x-ray image of the left knee joint immediately after surgery. The tibial 
fracture line (arrow) and fibular fracture line (arrow) were also visible. Two 3.0-mm K-wires (arrowheads) were inserted bilaterally into the medial 
and lateral aspects of the proximal tibial fragment using a cross-pinning technique. Intraoperative findings showed improved stability. Additionally, 
following reduction and fixation of the left tibia, the left fibula achieved an appropriate reduction position. The left fibula had stable contact and no 
instability, so fixation was not performed (AP view). (b) Lateral view of the left knee joint on plain x-ray immediately after surgery. The tibial fracture 
line (arrow) and fibular fracture line (arrow) were also visible. Two 3.0-mm K-wires (arrowheads) were inserted bilaterally into the medial and lateral 
aspects of the proximal tibial fragment using a cross-pinning technique (lateral view).

TABLE 2   |   Rehabilitation timeline table.

Postoperative week Immobilization Range of motion Weight bearing Others

0–2 Splint None None

3 Splint Flexion ≤ 30° None

4 Functional knee brace Flexion ≤ 30° None K-wire removed

5 Functional knee brace Flexion ≤ 60° 1/3 weight bearing

6 Functional knee brace Flexion ≤ 90° 1/2 weight bearing

7 Functional knee brace Flexion ≤ 120° 2/3 weight bearing

8 Functional knee brace Full Full weight bearing

9 None Full Full weight bearing Brace removed
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is selected for cases with displacement [9, 12]. Moreover, in pe-
diatric fractures involving growth plates, management focused 
on protecting the growth plate is crucial [13, 14]. When appro-
priately managed, these injuries are generally associated with 
favorable outcomes [15].

In this case, surgical intervention was chosen due to the pres-
ence of displacement and residual instability following reduc-
tion under general anesthesia. Furthermore, as the patient 
was a pediatric subject with a growth plate, surgical treat-
ment using K-wire fixation without plates and screws was se-
lected to minimize invasion of the growth plate and the bone. 
Moreover, fixation using a plate is one option. However, as the 
proximal tibia is an area with minimal soft tissue, and dam-
age to soft tissue from the plate was anticipated, we judged 

that fixation using K-wires would place less burden on the soft 
tissue in this case. Therefore, we decided on the fixation with 
K-wires.

The postoperative course was uneventful, and the patient was 
able to resume daily activities without significant limitations at 
9 weeks postoperatively. Proper reduction and maintenance of 
the reduced position are crucial. Reports indicate that serum vi-
tamin D levels below 20 ng/mL are associated with an increased 
risk of fractures [6], and previous studies have reported that ap-
proximately 34% of children with a history of fractures have vi-
tamin D deficiency [16], suggesting that vitamin D insufficiency 
is relatively common in this population. Therefore, vitamin D 
deficiency may be associated with an increased risk of fractures 
even in the absence of rickets.

AP view Lateral view

(a) (b)

FIGURE 5   |   Plain x-ray images of the left knee at 4 weeks postoperatively. (a, b) Radiographs of the left knee joint at 4 weeks postoperatively. The 
fracture lines are indicated by arrows. Both the left tibia and fibula show good callus formation with no displacement: (a) AP view and (b) lateral view.

(a) (b)

AP view Lateral view

FIGURE 6   |   Plain x-ray images of the left knee at 9 weeks postoperatively. (a, b) Radiographs of the left knee joint at 9 weeks postoperatively. The 
fracture lines are indicated by arrows. Both the left tibia and left fibula show good bone union, with no signs of displacement: (a) AP view and (b) 
lateral view.
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In this case, given the minor mechanism of injury and the un-
usual presentation of the epiphyseal injury, rickets was consid-
ered in the differential diagnosis. However, based on the medical 
history, imaging findings, and blood test results, the case did 
not meet the diagnostic criteria for rickets in Japan [17], and 
asymptomatic vitamin D deficiency was diagnosed. Moreover, 
there are reports that high vitamin D levels reduce the risk of 
fractures caused by minor mechanisms of injury [18]. There are 
case reports [9] of proximal tibial epiphyseal fractures where vi-
tamin D deficiency may have contributed to the development of 
the fracture, suggesting that vitamin D deficiency may have con-
tributed to the development of the fracture in this case. In cases 
of a minor mechanism of injury and relatively rare fractures or 
epiphyseal injuries, rickets and vitamin D deficiency should be 
considered in the differential diagnosis, and vitamin D levels 
should be evaluated.

Treatment for rickets or symptomatic vitamin D deficiency in-
volves supplementation with active or natural vitamin D [19], but 
there is no consensus on intervention for asymptomatic vitamin D 
deficiency, such as in this case. Since this case was not rickets and 
did not present symptoms such as tetany due to vitamin D defi-
ciency, we limited our management to explaining the condition to 
the patient and family and recommending dietary intake. In this 
case, appropriate bone union and functional improvement were 
achieved with surgical treatment alone. However, since there is a 
report that vitamin D deficiency increases the risk of pseudarthro-
sis [20], it is considered important to evaluate vitamin D levels and 
consider intervention in pediatric fractures.

4 | Limitations

While there are reports suggesting that vitamin D deficiency has 
been reported to be associated with an increased risk of frac-
tures or epiphyseal line injuries [6–8], it cannot necessarily be 
definitively concluded from a single case such as this that vita-
min D deficiency poses a risk of causing epiphyseal line injuries 
or fractures. In addition, the findings may not be generalizable 
to all pediatric patients.

5 | Conclusion

This case report demonstrates that appropriate surgical treat-
ment resulted in a favorable outcome for an unusual proxi-
mal tibial epiphyseal fracture in an older pediatric patient. 
Additionally, due to the minor injury mechanism and the un-
usual presentation of the epiphyseal injury, we were able to 
consider rickets and vitamin D deficiency in the differential di-
agnosis and perform evaluation and intervention accordingly. In 
pediatric patients with fractures, particularly those with minor 
mechanisms of injury or unusual fractures/epiphyseal injuries, 
it is important to evaluate vitamin D levels. Early intervention 
and nutritional assessment may contribute to favorable clinical 
outcomes.
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