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The radiological and electrophysiological characteristics of Hirayama disease with proximal involvement: A retrospective study
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Purpose: Hirayama disease (HD) has been largely believed to affect only distal muscles. However, the proximal upper extremities have been affected in some cases, which can be confused with motor neuron diseases.

Methods: Baseline data, deep tendon reflex, Hoffmann sign, cervical curvature, sagittal Cobb angle, atrophied spinal cord, high signal intensity, loss of attachment, and affected muscles and segments on electromyography (EMG) were retrospectively obtained and compared between patients with HD with proximal involvement and patients with simple distal HD in one center from September 2007 to April 2022.

Results: In this study, fifteen patients with proximal HD and 30 patients with simple distal HD were included. The proximal group had a larger proportion of patients with decreased biceps reflex, decreased triceps reflex, brisk or hyperactive knee reflex, positive Hoffmann sign, and cervical kyphosis. The curvatures of the upper part of the cervical spine (C2-4) were lost to a greater degree in the proximal group. More affected segments were observed on magnetic resonance imaging (MRI) and electromyography in the proximal group.

Conclusion: The injured segments were longer and the upper curvature of the cervical spine was poorer in patients with HD with proximal involvement. These findings indicated that proximal involvement may indicate more serious HD.
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Introduction

Hirayama disease (HD) is characterized by unilateral or bilateral weakness and muscular atrophy in the upper extremities caused by cervical flexion injury (1). Adolescent men are more prone to HD following a growth spurt when the cervical spinal cord and spine differ in length (2). Hirayama disease has been historically believed to affect only the distal muscles in the upper extremities. However, proximal upper limb atrophy and weakness have been reported (3–5). Among patients with HD, 8.8% complained of muscular atrophy of the biceps brachii in a nationwide survey in Japan (6), and 3.3–13% of patients complained of atrophy of the deltoid or biceps in China (7, 8). These findings demonstrate that HD can affect the proximal muscles of the upper extremities.

Patients diagnosed with HD with proximal involvement typically complain of amyotrophy of the proximal and distal upper limbs and reduced quality of life. Some patients experience generalized unilateral or bilateral muscle atrophy of the upper extremities, which requires exclusion of a number of neurological diseases, i.e., motor neuron disease, prior to diagnosis of HD, to avoid the physical, psychological, and economic burden for misdiagnosis. Therefore, strict criteria for the diagnosis of HD with proximal involvement are needed to prevent misdiagnosis and potential negative outcomes. Some criteria have been defined (9, 10), but controlled studies and synthesis of results across studies are lacking.

Clinical-led guidelines and new diagnostic criteria have indicated that the diagnosis of HD requires a three-dimensional diagnostic framework, including clinical manifestations, imaging, and electrophysiological examinations (1, 11). These criteria de-emphasized distal muscle atrophy and indicated that clinical manifestations should receive less consideration with regard to the diagnosis of HD. In this study, we analyzed the radiological and electrophysiological characteristics of HD with proximal involvement and simple distal HD retrospectively to determine the specific characteristics of HD with proximal involvement. It helps not only in avoiding the misdiagnoses of such patients as other diseases, but enriches the concept of HD by including patients with different clinical manifestations but the same pathogenesis into the same disease category.



Methods


Subjects

Patients diagnosed with HD with proximal muscle involvement clearly described in their medical histories were included in this study. The ratio of patients with proximal HD and simple distal HD was 1:2. Patients' data were obtained from the Department of Orthopedics, Huashan Hospital, Fudan University, Shanghai, China from September 2007 to April 2022. The diagnostic criteria are presented in Table 1.


TABLE 1 The diagnostic criteria for Hirayama disease (HD).
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The proximal group included patients with HD with proximal involvement who met the following criteria: (1) definite atrophy of deltoid and/or biceps brachii; (2) decreased muscle strength in the motion of shoulder abduction and elbow bending according to the Medical Research Council grading, as determined in the medical records; (3) with or without weakness and/or amyotrophy of the supraspinatus, infraspinatus, teres major, triceps, and muscles of the forearm and the hand. Patients with HD with isolated distal involvement included those who were (1) only affected in the muscles of the hand and the forearm, and (2) did not have any weakness or amyotrophy of the supraspinatus, infraspinatus, teres major, deltoid, and biceps brachii.



Collected data

We recorded baseline data, clinical manifestations, conventional sagittal cervical radiograms, neutral-position and cervical-flexion MRI, and electromyography (EMG) from all subjects. Baseline data included gender, age of onset, and course of illness. Clinical manifestations included affected side(s), deep tendon reflex, involvement of biceps and/or triceps, knee reflex [recorded as absent (0), decreased (+), normal (++), brisk (+++), and hyperactive (++++)], pathological reflex, and Hoffmann sign.

Conventional sagittal cervical radiography was used to image cervical curvature (recorded as normal, loss, or kyphosis), the apex of the kyphosis, and the sagittal Cobb angle of different levels, such as C2-7, C2-4, C5-7, C2-3, C3-4, C4-5, C5-6, and C6-7. The Cx-y Cobb angle was the angle between the two vertical lines of the two tangent lines under the inferior endplates of Cx and Cy (Figure 1A). The angle was positive if the two tangents crossed behind the cervical spine, and negative if they crossed in front of the spine. The magnetic resonance imaging data included atrophy of the cervical spinal cord (from neutral-position MRI), high signal intensity on T2-weighted imaging (T2WI), segments with high signal intensity on T2WI (from cross-sectional MRI), loss of attachment (LOA) between the posterior dural sac and the subjacent lamina (presence of a crescent-shaped high-intensity mass), the whole LOA region and the most-affected segments of LOA, and the number of segments with LOA (from cervical-flexion MRI) (Figure 1B). The levels of vertebral or intervertebral bodies corresponding to spinal cord segments were recorded using cervical-flexion MRI.
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FIGURE 1
 (A) The Cx-y Cobb angle was the angle between the two vertical lines of the two tangent lines under the inferior endplates of Cx and Cy on the conventional sagittal cervical radiograph. (a) C2-7 Cobb angle; (b) C2-4 Cobb angle; (c) C5-7 Cobb angle; (d) C2-3 Cobb angle; (e) C3-4 Cobb angle; (f) C4-5 Cobb angle; (g) C5-6 Cobb angle; and (h) C6-7 Cobb angle. (B) The affected segments and the most serious one on the sagittal cervical-flexion MRI. The upper end of the affected segments (a), the lower end (b), and the most serious segments (c) were recorded in the form of level of vertebral or intervertebral bodies corresponding to spinal cord segments.


Electromyography data included affected muscles and segments, and the number of segments, for waves presenting with one of the following features: positive sharp waves, fibrillation potentials, increased amplitude of motor unit potentials, or pathologic interference patterns. We analyzed different groups of muscles separately. The muscles of the hand analyzed were: first dorsal interossei, flexor pollicis longus, extensor pollicis longus, abductor pollicis brevis, extensor indicis proprius, extensor digitorum communis, and abductor digiti minimi; the muscles of the forearm were: flexor carpi radialis, flexor carpi ulnaris, and brachioradialis; the muscles of the arm were: biceps, and triceps; and the muscles of the shoulder were: deltoid, teres major, supraspinatus, and infraspinatus.



Statistical analysis

Normally distributed quantitative variables were presented as the mean and standard deviation (SD), and were analyzed using Student's t-test. Qualitative data were presented as percentages and were analyzed using χ2-tests, adjusted χ2-tests, or Fisher's exact tests, as appropriate. Ordinal data were presented as the median and interquartile interval (first quartile and third quartile), and were analyzed using the signed-rank test. The repeated comparison was performed, using multivariate analysis. Statistical analysis was performed using the Statistical Product and Service Solutions (SPSS) for Windows (version 26.0; SPSS Inc., Chicago, IL, USA). The value of p < 0.05 was considered statistically significant.

The study was reviewed and approved by the Institutional Review Board of the authors' institute (KY2014-268), and the requirement for written informed consent was waived because of the retrospective nature of the study and the anonymous nature of the data.




Results


Comparison of the baseline data and clinical manifestations between the two groups

In this study, fifteen patients with HD with proximal involvement and 30 patients with simple distal HD were included (Table 2, Supplementary Table 1). All of the patients in the study were men. The ages of onset in the proximal and distal groups ranged from 16 to 25 years (17.83 ± 2.35) and 12 to 24 years (16.40 ± 2.33), respectively. The courses of illness ranged from 3 months to 8 years (2.57 ± 2.15) in the proximal group and 2 months to 6 years (2.16 ± 1.66) in the distal group, respectively. There were no statistical differences between the age of onset and the course of illness (p = 0.059 and p = 0.482).


TABLE 2 The clinical manifestations of Hirayama disease with proximal involvement.
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In the proximal group, 3 (20.0%) patients reported symptoms on the left side, 6 (40.0%) reported symptoms on the right side, and 6 (40.0%) reported bilateral symptoms. In the distal group, 11 (36.7%), 15 (50.0%), and 4 (13.3%) patients reported left, right, and bilateral symptoms, respectively (p = 0.129).

After excluding missing data, the deep tendon reflexes differed significantly between the two groups. In the proximal group, 8 patients (61.5%), 4 patients (30.8%), and 1 (7.7%) patient exhibited +, ++, and +++ biceps reflexes, respectively, and 3 (11.1%), 21 (77.8%), and 3 (11.1%) patients exhibited +, ++, and +++ biceps reflexes, respectively, in the distal group (p = 0.005). In the proximal group, 8 (61.5%), 5 (38.5%), and 0 patients exhibited +, ++, and +++ triceps reflexes, respectively, and 4 (14.8%), 21 (77.7%), and 2 (7.5%) patients exhibited +, ++, and +++ triceps reflexes, respectively, in the distal group (p = 0.003). In the proximal group, 4 (26.7%), 5 (33.3%), and 6 (40%) patients exhibited ++, +++, and ++++ knee reflexes, respectively, and 15 (57.7%), 8 (30.8%), and 3 (11.5%) patients exhibited ++, +++, and ++++ knee reflexes in the distal group, respectively (p = 0.024).

The Hoffmann sign was positive in 10 (66.7%) patients and negative in 5 (33.3%) patients in the proximal group. The Hoffman sign was positive in 4 (13.3%) patients and negative in 26 (86.7%) patients in the simple distal group (p = 0.001).



The radiological characteristics of the proximal group and the simple distal group

The cervical curvature was lordotic in 2 (13.3%) patients in the proximal group and in 4 (13.3%) patients in the simple distal group. Lordosis was lost in 5 (33.3%) patients in the proximal group and 20 (66.7%) patients in the distal group. The cervical curvature was kyphotic in 8 (53.3%) and 6 (20.0%) patients in the proximal and distal groups, respectively. The number of patients with kyphosis differed significantly between the groups (p = 0.039; Figure 2C). In the proximal group, the apex of the kyphosis in 3 (37.5%) patients, 4 (50.0%) patients, and 1 (12.5%) patients was located at C3, C4, and C5, respectively. In the distal group, the apex of the kyphosis was located at C4 and C5 in 3 (50.0%) patients each. The difference in the location of the apex of the kyphosis was significantly different (p = 0.231; Table 3).
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FIGURE 2
 (A) The affected muscles in electromyography (EMG). (B) The sagittal Cobb angle in different levels. (C) The changes in the cervical curvature. (D) The affected segments with high signal intensity on T2-weighted imaging (T2WI). (E) The affected segments with the loss of attachment. (F) The most serious segment with the loss of attachment. FPL, flexor pollicis longus; EPL, extensor pollicis longus; APB, abductor pollicis brevis; FDI, first dorsal interossei; EIP, extensor indicis proprius; EDC, extensor digitorum communis; ADM, adductor digiti minimi; FCR, flexor carpi radialis; FCU, flexor carpi ulnaris. *p < 0.05. Figure 2 was modified from Servier Medical Art (http://smart.servier.com/), licensed under a Creative Common Attribution 3.0 Generic License (https://creativecommons.org/licenses/by/3.0/).



TABLE 3 The radiological characteristics of the proximal group and the simple distal group.
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The C2-7 Cobb angles were 11.67 ± 8.32 degrees in the proximal group and (13.50 ± 12.06) degrees in the simple distal group (p = 0.599). The C2-4 Cobb angles in the upper part of the cervical spine were (4.00 ± 8.84) degrees in the proximal group and (9.57 ± 9.54) degrees in the distal group (p = 0.062) The C5-7 Cobb angles in the lower part of the cervical spine were (6.33 ± 6.93) and (0.93 ± 6.93) degrees in the proximal and distal groups, respectively (p = 0.018). The sagittal Cobb angles in the different segments were as follows for the proximal and distal groups, respectively: C2-3 (p = 0.130): (5.07 ± 5.60) and (8.20 ± 6.77) degrees; C3-4 (p = 0.027): (−5.20 ± 5.52) and (−1.00 ± 5.92) degrees; C4-5 (p = 0.006): (−7.53 ± 3.80) and (−2.60 ± 6.03) degrees; C5-6 (p = 0.342): (−1.73 ± 4.37) and (−3.30 ± 5.50) degrees; C6-7 (p = 0.014): (5.40 ± 4.79) and (1.23 ± 5.32) degrees (Figure 2B, Table 3).

In the proximal group, 6 (40.0%) patients and 5 (16.7%) patients in the simple distal group exhibited cervical spinal cord atrophy (p = 0.140). In addition, 8 (53.3%) patients in the proximal group and 6 (20.0%) patients in the distal group showed high signal intensities in their spinal cords on T2WI (p = 0.053). The numbers of patients with high signal intensities on T2WI in each segment (Figure 2D) were as follows: C3 (p = 0.999): proximal 0 and distal 1 (3.3%); C4 (p = 0.999): proximal 6 (40.0%) and distal 3 (10.0%); C5 (p = 0.999): proximal 7 (46.7%) and distal 6 (20.0%); C6 (p = 0.999): proximal 5 (33.3%) and distal 4 (14.3%); C7 (p = 1.000): proximal 1 (6.7%) and distal 1 (3.3%); and T1 (p = 1.000): proximal 1 (6.7%) and distal 0 (Table 3).

The vast majority of patients with HD exhibited LOA [proximal 15 (100%) and distal 28 (93.3%)] (p = 0.798). The loss of attachment was observed over long segments, from C3 to T3 (Figure 2E). Among the 15 and 28 patients in each group, the numbers and the percentages of patients with LOA in each segment were as follows: C3 (p < 0.001): proximal 12 (80.0%) and distal 4 (14.3%); C4 (p = 0.999): proximal 15 (100%) and distal 22 (78.6%); C5 (p = 1.000): proximal 15 (100%) and distal 22 (78.6%); C6 (p = 1.000): proximal 15 (100%) and distal 28 (100%); C7 (p = 0.408): proximal 6 (40.0%) and distal 10 (35.7%), T1 (p = 0.946): proximal 12 (80.0%) and distal 21 (75.0%); T2 (p = 0.999): proximal 1 (6.7%) and distal 4 (14.3%); and T3 (p = 0.999): proximal 1 (6.7%) and distal 1 (3.6%). Although there was no significant difference (p = 0.061), the most-affected segment appeared to differ between the two groups (Figure 2F). Additionally, two patients (13.3%) in the proximal group and 0 patient in the simple distal group in both C4 vertebra-level and C4/5 intervertebral-body-level; 5 (33.3%) and 8 (28.6%) patients in both C5 vertebra-level and C5/6 intervertebral-body-level; 1 patient (6.7%) and 8 (28.6%) patients in C6; 0 and 3 (10.7%) patients in C6/7; and 0 and 1 (3.6%) patient in C7. The number of segments with LOA in the proximal group (5.13 ± 1.25) was significantly greater than that in the simple distal group (4.21 ± 1.13) (p = 0.019; Table 3).



The electrophysiological characteristics of the proximal group and the simple distal group

All patients with HD were affected in the muscles of the hand according to EMG. The numbers of patients affected in the muscles of the forearm were 11 (73.3%) in the proximal group and 21 (70.0%) in the distal group (p = 1.000). The muscles of the arm were affected in 14 (93.3%) patients in the proximal group and 19 (63.3%) patients in the distal group (p = 0.038). The shoulder muscles were affected in 12 (80.0%) patients in the proximal group and 0 patient in the distal group (p < 0.001; Figure 3A). The detailed information regarding the affected muscles is shown in Figure 2A.
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FIGURE 3
 (A) The affected muscle groups in electromyography. (B) The affected cervical segments in electromyography. *p < 0.05 and **p < 0.001.


In the proximal group, 1 (6.7%) patient and 0 patient in the distal group showed a neurogenic injury in the C4 segment (p = 0.333). In segments C5 and C6 (p < 0.001), 13 (86.7%) patients in the proximal group and 0 patients in the distal group showed a neurogenic injury. In segment C7 (p = 0.020), fifteen (100%) patients in the proximal group and 21 (70.0%) patients in the distal group showed a neurogenic injury. In segment C8 (P = 0.106), 13 (86.7%) patients in the proximal group and 30 (100%) patients in the distal group showed a neurogenic injury. In T1 (P = 0.042), 9 (60.0%) in the proximal group and 27 (90.0%) patients in the distal group had a neurogenic injury (Figure 3B). The number of affected segments in EMG in the proximal group was 4.40 ± 1.06 and the number of affected segments was 2.60 ± 0.50 in the simple distal group (p < 0.001).




Discussion

Since HD was first reported in 1959 (12), it has had many names that included the word distal, such as juvenile muscular atrophy of the distal upper extremity (13), benign juvenile muscular atrophy of the distal upper extremity (14), distal bimelic amyotrophy (15), and segmental muscular atrophy of distal upper extremity with juvenile onset (16), which led to a stereotype that HD is a disease that only affected the distal upper limbs. However, increased understanding of the disease has led to the recognition that patients could experience amyotrophy of the proximal muscles in the upper limbs. Some studies have included patients with proximal symptoms (9, 17). Patients with proximal symptoms have been considered in the development of new diagnostic criteria and a new clinical classification system (1, 18).

The age of onset and course of illness are similar in proximal and simple distal HD, and both occur predominantly in men. The clinical manifestations were common to both types and included muscular atrophy and/or weakness of the upper extremities. The atrophied muscles in HD with proximal involvement were distributed more widely, and some patients showed generalized muscular atrophy of both upper extremities. Among patients with proximal involvement, decreased upper limb deep tendon reflex, brisk or hyperactive lower limb reflex, and positive Hoffmann sign were more common, which indicated an injury at the upper levels of the cervical spinal cord level that was more serious.

Electromyography showed that all patients were affected in the muscles of the hand. The triceps muscles, which are innervated by C7, were affected in many patients in the simple distal group according to EMG, although few patients complained of the decreased strength of elbow extension, which indicated that changes in EMG occurred prior to clinical manifestations (19). Therefore, names containing distal might be inappropriate, and Hirayama disease, juvenile benign muscular atrophy of upper extremity, and juvenile cervical flexion myelopathy may be better names for this disease (1). The affected segments in cases with proximal involvement extended to the rostral and/or caudal ends with C5-7 as the center, while the simple distal type primarily affected C7-T1. The number of affected segments was significantly greater in HD with proximal involvement, which indicates that the proximal type may be more serious than typical HD.

Conventional sagittal cervical radiography showed that the proportion of kyphosis was higher in the proximal group. Although the apex of kyphosis did not differ significantly between the two groups, the apex appeared to be higher in patients with proximal involvement. The C2-7 Cobb angle in HD was smaller than normal. The C3-4 and C4-5 showed more severe kyphosis in the proximal group than in the distal group, and C5-7 and C6-7 were straighter in the simple distal type than in the proximal type. From the mean value, divided at the level of the C4/5 intervertebral body, C2-4 was prone to kyphosis, and the lower part of the cervical spine maintained lordosis, which resulted in a reverse S-shape of the cervical spine in patients with HD with proximal involvement (Figure 4A). The cervical curvature of C5-7 was lost, resulting in a straight cervical spine in simple distal HD (Figure 4B). Such cervical curvature changes might play a part in the pathogenesis of different types of HD.
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FIGURE 4
 The different cervical curvatures between patients with proximal and simple distal Hirayama disease. (A) Hirayama disease with proximal involvement: the upper half of the cervical spine turned kyphotic, while the lower half kept lordotic. So, the whole cervical spine looked like a reverse S-shape. (B) Distal HD: the cervical spine turned straight. (a) C2-7 Cobb; (b) C2-4 Cobb; (c) C5-7 Cobb; (d) C2-3 Cobb; (e) C3-4 Cobb; (f) C4-5 Cobb; (g) C5-6 Cobb; and (h) C6-7 Cobb.


Cervical-flexion MRI is the most important examination for the diagnosis of HD. Among three common signs, the proportion of patients with HD with LOA was high, which indicated that LOA was useful for the diagnosis (20). The segments with LOA were longer in the proximal group than those in the distal group. In addition, LOA extended to the rostral and/or caudal ends during the progression of HD (21), so some of the affected segments were very long. Therefore, a wider range of atrophied muscles, higher proportions of brisk or hyperactive knee reflexes and positive Hoffmann sign, and more affected segments observed in EMG and MRI indicated that HD with proximal involvement (Figure 5) was likely to be more serious than typical HD, and early correct diagnosis and treatment was likely to be more urgent in patients with proximal involvement. The strength of posterior cervical extensors and cervical sagittal alignment were closely related, indicating that the weakness of posterior cervical extensors might predispose the cervical spine of patients with HD to a less stable situation (22).


[image: Figure 5]
FIGURE 5
 A 16-year-old boy with obvious weakness and atrophy of muscles of deltoid and biceps for 3 months (A), and slight difficulty in finger extension (B), was diagnosed with HD with proximal involvement. A neurogenic injury from C5 to C8 was found in electromyography. (C) An abnormal cervical curvature in the upper part of the cervical spine, (a) C2-7 Cobb angle = 1.61 degrees; (b) C2-4 Cobb angle = −15.26 degrees; (c) C5-7 Cobb angle = 21.13 degrees; (d) C2-3 Cobb angle = −7.95 degrees; (e) C3-4 Cobb angle = −7.31 degrees; (f) C4-5 Cobb angle = −4.26 degrees; (g) C5-6 Cobb angle = 5.88 degrees; and (h) C6-7 Cobb angle = 15.24 degrees; loss of attachment was found in cervical-flexion MRI in seven segments from C3 to T2 (between the two white lines), (D) sagittal plane, and (E) cross-sectional plane.


A total of eighteen case reports, including 19 patients with HD with proximal involvement, were reported in English studies, as shown in Table 4 (3–5, 23–37). A number of these patients were affected in the proximal and distal muscles of the upper limb. There were some characteristics in 6 patients with HD with proximal involvement, which indicated these cases had a common pathogenesis with the simple distal type (9). Therefore, the HD with proximal involvement could not be ignored in clinical practices.


TABLE 4 Summary of proximal Hirayama disease case reports.

[image: Table 4]

For HD with proximal involvement, amyotrophy appeared in both the proximal and distal upper extremities in many patients, and may be bilateral. Therefore, a clear differential diagnosis of some neurological diseases, such as motor neuron disease, is critical. Diagnosis of HD with proximal involvement requires greater caution, and treatment approaches should be more conservative. Patients should wear a cervical collar and followed-up closely after 4–6 months. Other treatments could not be chosen until other neurological diseases had been excluded.

Our study was subject to several limitations. First, the small sample size limited the interpretation of the conclusions. However, this was the largest study to date that focused on HD with proximal involvement. In addition, this study included only one center. Multicenter studies are expected to be performed in the future. Finally, this was a retrospective study, which might have resulted in bias due to incomplete clinical data, and heterogeneous data sources for physical examinations and medical records performed by different clinicians.



Conclusion

Hirayama disease with proximal involvement is a more serious condition than typical HD. Loss of cervical curvature in the upper cervical spine was more severe in cases with proximal involvement, and the affected segments in MRI and EMG were longer in HD with proximal involvement. The diagnosis of HD with proximal involvement should be approached with caution and with the goal of maximizing precision.
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