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Abstract
BACKGROUND
[bookmark: OLE_LINK4483][bookmark: OLE_LINK4484]Students in the 9th grade of junior high school in Changsha were under a 75 d lockdown due to the coronavirus disease 2019 (COVID-19) pandemic. After the resumption of school post-lockdown, the 9th grade students in Changsha faced the entrance physical examination test for senior high school.

CASE SUMMARY
We report on 3 cases of occult fracture on the same site in adolescents of the same grade since resumption of school after the lockdown from the COVID-19 pandemic. Three students in the 9th grade of junior high school who were facing the physical examination in 2 wk were diagnosed with an occult fracture of the distal femur.

CONCLUSION
It is recommended that the students, parents, education providers and policy makers should all pay attention to the physical exercise of students when the resumption of school after lockdown occurs and they should be aware of occult fractures when the adolescents have pain after physical exercise.
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Core Tip: We report about 3 cases of occult fracture on the same site in adolescents of the same grade since resumption of school after lockdown from the coronavirus disease 2019 pandemic. It is recommended that the students, parents, education providers and policy makers should all pay attention to the physical exercise of students with the resumption of school after lockdown and they should be aware of occult fractures when the adolescents experience pain after physical exercise.

INTRODUCTION
Students in the 9th grade of junior high school in Changsha were under 75 d of lockdown due to the coronavirus disease 2019 (COVID-19) pandemic. After the resumption of school post-lockdown, the 9th grade students in Changsha faced the entrance physical examination test for senior high school. Therefore, these students started hard physical training for examination immediately after the prolonged lockdown. As a result, some of them suffered occult fractures from physical training due to less exercise during the lockdown period. The present study reports an occult fracture of the distal femur of 3 students in the 9th grade of junior high school facing a physical examination. Thus, the occult fracture should attract the attention of all students, parents, and teachers facing physical training examinations after school resumption.
An occult fracture refers to a fracture that cannot be detected on X-ray but can be confirmed by magnetic resonance imaging (MRI) or computed tomography (CT)[1]. Occult fracture includes complete and incomplete fractures. In clinical practice, complete occult fracture leads to fracture displacement, while incomplete occult fracture rarely causes fracture displacement and is mainly manifested as local pain and limited function[2]. In this study, 3 cases of adolescent occult fracture are reported.

CASE PRESENTATION
Chief complaints
Case 1: Male, 14-years-old, was admitted in the outpatient department because of "pain of the right knee joint with limited activity for 3 d after a 1 km long-distance running training". 

Case 2: Male, 14-years-old, was admitted in the outpatient department because of "pain under the left knee joint for 2 d after a 1 km long-distance running training". 

Case 3: Female, 13-years-old, was admitted in the outpatient department because of "pain on the right knee joint after 1 km running training for 1 d". 

History of present illness
All 3 cases feel pain after a 1000-m long-distance running training.
Case 1: The patient endured the pain and completed the long-distance running.

Case 2: The patient terminated the training immediately and was sent to the school Infirmary.

Case 3: The patient continued training and visited the hospital after 1 d. 

History of past illness
Past medical history of all 3 cases were negative.

Personal and family history
Personal and family history, medication history, social history and allergic history of all 3 cases were negative.

Physical examination
Case 1: Height 167 cm, weight 53 kg, body mass index (BMI) 19.0, slight swelling of the right knee joint, local tenderness at the posterior and lateral side of the distal femur, slight limitation of the right knee joint activity, range of activity in the extension of 10° to the flexion of 110°, floating patella test (-), McMurray test (-) and drawer test (-).

Case 2: Height 168 cm, weight 48 kg, BMI 17.0, slight swelling of the left knee joint, local tenderness in the proximal part of the left tibia, unrestricted movement of the left knee joint, the range of motion was 0°-120°, floating patella test (-), McMurray test (-) and drawer test (-). 

Case 3: Height 164 cm, weight 49 kg, BMI 18.2, slight swelling of the right knee joint, local tenderness in the distal part of the right femur, unrestricted movement of the left knee joint, the range of motion was 0°-120°, floating patella test (-), McMurray test (-) and drawer test (-). 

Laboratory examinations
All 3 cases: Blood regular test (-), C-reactive protein (-), erythrocyte sedimentation rate (-), serum calcium (-), 1,25-(OH)2-VitD3 test (-) and rheumatism factors test (-).

Imaging examinations
Case 1: Right knee joint positive and lateral radiograph (-) (Figure 1A and B), bone mineral density (BMD) (-), MRI of right knee joint shows posterior and lateral incomplete fracture of right distal femur (Figure 1C and D). 

Case 2: Left knee joint (+), lateral radiograph (-) (Figure 2A and B), BMD (-), left knee joint MRI showed the left distal femur occult fracture (Figure 2C and D). 

Case 3: Right knee joint (+), lateral radiograph (-) (Figure 3A and B), BMD (-), MRI of right knee joint showed an incomplete fracture of the right distal femur (Figure 3C and D). 

FINAL DIAGNOSIS
Case 1: Right posterolateral occult incomplete fracture.

Case 2: Incomplete occult fracture of the left distal femur.

Case 3: Incomplete occult fracture of the distal right femur. 

TREATMENT
The injured lower limb in all 3 cases was fixed with plaster and was free of weight-bearing for 4 wk, light weight bearing for 2 wk and then gradual return to normal activity. Also, high calcium and protein diet was given to all three patients.

OUTCOME AND FOLLOW-UP
In 8 wk, X-rays showed good fracture healing (Figures 1 and 2, 3E and 3F), and the patients were admitted to running training.

DISCUSSION
After the resumption of school post-lockdown in the COVID-19 pandemic, the 9th grade students in Changsha faced the entrance physical examination test for senior high school.This caused a sudden increase in the amount of exercise, which increases the weight-bearing, muscle contraction of the lower extremities, the strength exerted on the lower extremities and the risk of fracture.
The 3 cases we reported are students in the 9th grade of junior high school. This year, they undertook an entrance physical examination test for senior high school 1 mo after returning to school. Therefore, after the beginning of school, they immediately undertook long-distance or short-distance running training. The amount of exercise increased suddenly and the pain symptoms effectuated the process of exercise, indicating that excessive exercise is the cause of fracture. In the subsequent X-ray, MRI, BMI, serum calcium, 1,25-(OH)2-VitD3, rheumatism factors and other laboratory tests, the diagnosis of pathological fracture was excluded. Thus, the diagnosis of fracture should be considered when there is a history of a sudden increase in the amount of exercise; the pain is localized in the same area in different physical examinations and was confirmed by further imaging examination.
The main pathological changes of occult fracture were trabecular fracture, no cortical disruption, local intra-cancellous edema and hemorrhage[3,4]. Although no cortical interruption is detected, it is not sufficient to cause a noticeable change in the X-ray attenuation coefficient, such that the plain X-ray film has no abnormal signs[5]. MRI displayed local hyperemia of bone marrow and transitional perfusion of the capillary bed which led to bone marrow edema. Free water increases during edema. A series of changes in the local chemical composition of bone tissue altered the MRI relaxation time and abnormal signal changes[6-8]. Therefore, no obvious fracture line and surrounding soft tissue hematoma were detected in the first X-ray examination for the three children in this study. However, the local pain of the child had not improved significantly after rest. A hidden fracture was suspected in combination with the patient’s history of significantly increased activity in the recent period. Thus, an MRI examination was recommended. Suppose the MRI examination could not be performed temporarily. In that case, the fracture fixation is recommended according to the pain area. This is then dealt with after the MRI examination is completed or the X-ray data reviewed after 3-4 wk to detect callus formation which helps in the diagnosis.
The bone tissue of adolescents is in the stage of rapid growth; hence, the metaphyseal bone is weak rendering it easy to fracture under external force[9,10]. In this study, 2/3 cases were males and 1/3 was a female (13-14-years-old) which matched the principles.
Occult fracture is often an incomplete fracture and thus the probability of displacement is less. Also, the healing can be smooth under the protection of plaster and other externalfixation[11-12]. Moreover, callus formation was observed on the X-ray film after 8 wk of follow-up and the functions of all patients were restored.

CONCLUSION
The present study focuses on occult fracture at a particular location within an unique period in a specific population. Adolescents were under lockdown at home for a long time due to the pandemic. Thus, after school resumes, the students, parents, education providers and policymakers should focus on students’ lack of physical exercise before examination training. The sudden increase in the amount of exercise may cause a hidden fracture in young people.
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Figure 1 Radiation result of case 1. A and B: Right knee joint positive and lateral radiograph (-); C and D: Bone mineral density (-), magnetic resonance imaging of right knee joint shows posterior and lateral incomplete fracture of right distal femur; E and F: X-ray in 8 wk shows good healing. 
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Figure 2 Radiation result of case 2. A and B: Left knee joint positive and lateral radiograph (-); C and D: Left knee joint magnetic resonance imaging showing left distal femur occult fracture; E and F: X-ray in 8 wk shows good healing. 
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Figure 3 Radiation result of case 3. A and B: Right knee joint positive and lateral radiograph (-); C and D: Magnetic resonance imaging of right knee joint showed incomplete fracture of left distal femur; E and F: X-ray in 8 wk shows good healing.
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