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Objective: To evaluate the characteristics of forearm muscle activity in children with ulnar and radius fractures during different follow-up periods by surface electromyography.



Methods: A retrospective analysis was performed on 20 children with ulnar and radius fractures treated with an elastic intramedullary nail from October 2020 to December 2021. All children were treated with transcubital casts after surgery. At 2 months and before taking out the elastic intramedullary nail, surface electromyographic signals were collected on the flexor/extension of the wrist and the maximum arbitrary isometric contraction of the grip strength in the forearm flexor and extensor muscles of the forearm. The root-mean-square values and integrated EMG values of the superficial flexor and extensor digitalis of the healthy side and the affected side were collected at the last follow-up and 2 months after surgery, and the co-systolic ratio was calculated. The root-mean-square values and co-systolic ratio were compared and analyzed, and the Mayo wrist function score was evaluated.



Results: The mean follow-up time was (8.4 ± 2.85) months. Mayo scores were (87.42 ± 13.01) and (97.69 ± 4.50) points at the last follow-up and two months after surgery, respectively (p < 0.05). In the test of grip strength, 2 months after surgery, the grip strength of the affected side was lower than that of the healthy side (p < 0.05), and the maximum and mean values of the superficial flexor of the affected side were lower than those of the healthy side (p < 0.05). At the last follow-up, there was no difference in the grip strength between the affected side and the healthy side (p > 0.05), and no difference in the maximum RMS, mean RMS and cooperative contraction ratio of the superficial flexor and digital extensor muscles between the affected side and the healthy side (p > 0.05).



Conclusion: Satisfactory results can be obtained after elastic intramedullary napping in children with ulnar and radius fractures. However, 2 months after surgery, the grip strength of the affected side is small, and the electrical activity of the forearm muscle is low during flexion and extension activities of the wrist joint, which has not returned to normal, suggesting that children orthopaedic clinicians should remind children to conduct timely and effective rehabilitation training after the removal of the cast.
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Introduction

Fracture is the most common type of accidental injury in children, and ulna radius fracture is the most common type of fracture in children, accounting for 17.8%–40% of all fractures in children (1, 2). Most ulna and radius fractures are usually treated successfully with a tubular cast after manual reduction, and surgical treatment is required when the fracture is unstable or cannot be manually reduced (3). Elastic intramedullary nail fixation has become the gold standard surgical method for treating children with both ulnar and radius fractures due to its characteristics of a small incision, short operation time, fast healing speed, and low cost (4). However, the physiological and anatomical structure of the ulna and radius in children is special, and the forearm interosseous membrane and muscle tissue are easily damaged, which is not conducive to postoperative fracture rehabilitation. Successful treatment of ulnar and radius fractures should not only achieve fracture healing and joint activity recovery but also achieve the recovery of muscle strength, such as grip strength (5), which is not only related to the treatment method but also involves whether the children's early activity/rehabilitation training is in place.

Children with ulnar and radius fractures who receive elastic intramedullary nailing and internal fixation usually need a tubular cast for 4–6 weeks. Complications such as muscle atrophy, functional limitations, and joint stiffness may result from prolonged cast immobilization (6, 7). Although these symptoms usually return to normal a few weeks after the cast is removed, it is a painful and lengthy recovery process for children. Due to the relatively young age of the children, the trauma pain after the injury and surgery is fresh in their memory, so the children are very afraid of the pain during the postoperative rehabilitation, which seriously affects their compliance with functional exercise. Moreover, the bones are still fragile due to the loss of bone mass after removing the cast, so some doctors may suggest that children avoid sports within 4–6 weeks after cast removed to prevent bone breakage again (8). The excessive protection of some parents undoubtedly increases the psychological protection of children on the affected limb. Avoiding daily activities with the affected limb is not conducive to the recovery of joint activities and muscle strength of the affected limb, nor does it meet the goal of accelerated rehabilitation surgery, affecting the daily life and learning of children.

Surface electromyography (sEMG) measures the time signal of the bioelectrical activity of the neuromuscular system recorded from the muscle surface and is the gold standard for analyzing muscle activation (9). In recent years, sEMG has been applied in advanced prosthetic control, gesture recognition, rehabilitation, biomechanics and other fields (10, 11) and has been widely used in the quantitative measurement of muscle activity in patients with cerebral palsy (12, 13), Duchenne muscular dystrophy (14), stroke (15, 16) and other upper limb movement disorders. Studies have shown that sEMG can distinguish between pathological and normal muscle activation, effectively evaluate upper limb function and therapeutic effect, and is a common method for studying upper limb muscle load (17–20). In these studies, the amplitude of surface electromyographic signals was used to provide quantitative measurements, in which the root-mean-square value (RMS), as an important time-domain index of sEMG, was used to describe the average variation characteristics of electromyography over a period, which was related to the supplement of motor units and the synchronization of excitatory rhythms. Integrated electromyography (iEMG) can be used as an indirect supplementary measure of motor units and is often used to examine muscle activity for various tasks. The Synergistic shrinkage ratio reflects the proportion of antagonistic muscles during active contraction and the coordination between active and antagonistic muscles during joint movement. Proper coordination of active and antagonistic muscles contributes to joint stability and motor coordination (11).

Most studies on children with ulnar and radius fractures assess the therapeutic effect and functional results of fractures from the clinical manifestations and imaging aspects (21–23). There are few reports on the recovery of muscle activity after upper limb fracture surgery in normal children, and whether the postoperative rehabilitation training of children is timely and effective is unknown. The purpose of this study is to evaluate the muscle activity status of children after fracture of the radius and ulna by surface electromyography. These results will help pediatric orthopedic surgeons understand the micro-recovery of muscle activity after children's fractures and provide a reference for clinical rehabilitation.



Materials and methods

The subjects of this study were selected from 20 children with ulnar and radius fractures hospitalized in the pediatric orthopedic Department of Hunan provincial people's hospital from October 2020 to December 2021, including 15 males and 5 females aged from 5 to 14 years old, with an average age of (7.90 ± 2.43) years old and an average height of (131.38 ± 17.43) cm. The average weight was 31.02 ± 11.4 kg, and the BMI was 17.39 ± 2.81. There were 18 right-handedness and 2 left-handedness. One of them changed from right-handedness to left-handedness after surgery. 10 on the left, 10 on the right; Fractures were located in the upper 1/3 of the ulna radius in 6 patients and the lower 2/3 in 14 patients. There were 12 patients with open reduction and 8 patients with closed reduction. This study was reviewed and approved by the hospital's Ethics committee, and all children's families were informed and signed informed consent.

Inclusion criteria: (1) Patients diagnosed as fracture of ulnar and radius fixed with an elastic intramedullary nail; (2) age below 14 years old; (3) no strenuous exercise 48 h before EMG test; (4) the follow up data were complete.

Exclusion criteria: (1) Diagnosed as multiple fractures; (2) chronic fracture; (3) pathological fracture caused by infectious diseases or metabolism disease; (4) pathological fracture with other bone or neuromuscular diseases and bone tumours; Intellectual disability, inability to follow instructions to complete prescribed actions; (5) combined with nerve or vascular injury.

All the children were treated with elastic intramedullary nail fixation under general anaesthesia, and were fixed with long arm cast for 4–6 weeks after surgery. After surgery, routine finger function exercises and motion contraction exercises of forearm muscle groups were performed after surgery. x-ray films were reviewed 3 days, 1 month and 2 months after surgery, and x-ray films showed that the plaster was removed after fracture healing. After discharge, the medical staff supervised the children's home rehabilitation training on a daily basis via telephone.


Observation and evaluation indicators


Mayo wrist function score

During regular follow-up after plaster removal, the wrist function of children with Mayo wrist function score was used, with a total score of 100, including 25 points for pain, 25 points for functional status, 25 points for a range of motion and 25 points for grip strength. Scores <60 is poor, 60–79 is fair, 80–89 is good, 90–100 is excellent. Excellent and good rate = (excellent cases + good cases)/total cases × 100%.



Grip strength test

The child sat in a straight-backed chair with feet flat on the floor, elbows bent 90° on a table, forearms in a neutral position, wrists extended in a neutral position and held a calibrated electronic grip strength tester with adjustable grip handles (CAMRY, model EH101, MAX:90 Kg, d = 100 g) for maximum strength grasping, testing 3 times, each duration of 5–7 s, each time interval of 1 min, take the maximum reading for analysis. As some of the children had not used the gripometer before the test, the evaluator conducted a demonstration before the test and asked the children to gently hold the gripometer, observe the value changes of the electronic display screen, and experience the test process. During the grip strength test, the surface electromyographic signals of forearm flexors and forearm extensors were collected synchronically. The surface electromyographic signals of the maximum grip strength were analyzed. The analysis software of the surface electromyographic test system was used to calculate the maximum RMS, the mean value of RMS and the mean value of iEMG. The Synergistic shrinkage ratio was calculated according to iEMG = iEMG for the superficial flexor /(iEMG for extensor + iEMG for superficial flexor).



Surface electromyography test

sEMG tests were performed on the upper forearm muscle groups of the children 2 months and before elastic intramedullary nailing. The test results for 2 months and the last time after surgery were analyzed. The test and evaluation will be conducted by personnel. The test was conducted in a surface electromyography room at 26 ± 2°C using the Flexcomp surface electromyography Test System (THOUGHT TECHNOLOGY, Canada). The test electrode was a disposable Triodes dry electrode, round, with a peripheral diameter of 5.6 cm and an electrode diameter of 1.0 cm. The distance between the recording electrode and the reference electrode centre is 2 cm. Subjects were fully exposed to both upper limbs, and the skin was degreased with 75% medical alcohol. The electrodes were placed on the abdomen of the fingers' superficial flexor and extensor muscles on both sides and were parallel to the long axis of the muscle fibres. Collect maximum isometric contraction at random (maximum voluntary isometric contraction MVIC) wristwatch recorded during flexion and extension. The process of test was explained and demonstrated by a special stuff to patient before the test. The mean value of RMS, maximum value of RMS, and iEMG value are processed by the data processing system of the device.

During the wrist flexion and extension test, the child was seated, with elbow flexion of 90° and forearm pronation, followed by the metronome 3 s/time to complete wrist flexion and extension, requiring flexion and extension to the maximum range of motion, 20 times; In order to eliminate unnecessary interference of the upper limbs at the beginning of the movement, the waveforms of the first 2 flexions and the last 1 flexion and extension were eliminated, the mean value of RMS and iEMG value were analyzed, and the synergistic shrinkage ratio was calculated. During the grip strength test, the surface electromyographic signals of the superficial flexor and extensor fingers were evaluated simultaneously. For details, see Grip Strength test.




Statistical analysis

All data were recorded in Excel tables, and the results were expressed as (x ± s). Statistical software SPSS21.0 was used to process the data. The maximum and mean values of RMS in the finger's superficial flexor and extensor muscles on the affected and healthy sides were compared during the same follow-up period. The mean values of RMS, maximum values of RMS in the muscle of the same name and the Synergistic shrinkage ratio of the muscle on the same side were compared 2 months after surgery and at the last follow-up. As some data did not conform to normal distribution, Wilcoxon rank-sum test was used. The correlation between the maximum grip strength and the maximum RMS of the superficial flexor and extensor of the finger in the same period was analyzed. P < 0.05 was considered statistically different.




Results

The average follow-up of all the children was (8.4 ± 2.85) months. The Mayo score was (87.42 ± 13.01) two months after surgery, and the good and good rate was 85%. At the last follow-up, the Mayo score of the wrist was significantly increased (97.69 ± 4.50), and the good and good rate was 100%. Compared with the follow-up 2 months after surgery, there was a statistically significant difference in the wrist Mayo score at the last follow-up (p < 0.05).

Table 1 shows that all the children underwent a grip strength test, and the grip strength of the affected side was lower than that of the healthy side at the follow-up 2 months after surgery, with statistical significance (p < 0.05). At the last follow-up, there was no difference in grip strength between the affected and healthy sides (p > 0.05).


TABLE 1 The results of grip strength (kg) on the affected side and the healthy side, the maximum value of electromyographic RMS (µV), the mean value of RMS (µV), and the synergistic shrinkage ratio of the superficial flexor and digital extensor muscles during gripping with the grip meter 2 months after the operation and the last follow-up.
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At the last follow-up, the grip strength of the affected side was increased (p < 0.05), while the grip strength of the healthy side was decreased (p < 0.05). In the surface electromyography test conducted simultaneously with the grip strength test, the maximum value of RMS of the superficial flexor of the finger, the maximum value of RMS of the extensor of the finger, the mean value of the superficial flexor of the finger and the mean value of the extensor of the finger on the affected side were significantly lower than those on the healthy side 2 months after surgery (p < 0.05). At the last follow-up, there was no statistical difference between the healthy and affected sides (p < 0.05). Compared with 2 months after surgery, the maximum value of RMS of the superficial flexor and extensor of the finger and the mean value of RMS of the superficial flexor and extensor of the finger were increased at the last follow-up (p < 0.05).

Table 2 shows that at the last follow-up, there was a positive correlation between the grip strength of the affected side and the maximum value of the superficial flexor finger on the affected side (r = 0.469, p = 0.037). There was a positive correlation between the grip strength of the healthy side and the maximum value of the finger's flexor on the healthy side (r = 0.452, p = 0.045). There was no linear correlation between grip strength and the maximum value of the superficial flexor of the finger at 2 months after the operation.


TABLE 2 Pearson correlation coefficient results of the correlation between maximum grip strength and maximum RMS of superficial digital flexor muscle.

[image: Table 2]

Table 3 shows that when all the children underwent maximum voluntary flexion and extension of the wrist, the mean value of the RMS of the superficial flexor and extensor digitalis on the affected side was smaller than that on the healthy side 2 months after surgery and the difference was statistically significant (p < 0.05). Compared with 2 months after surgery, the mean value of RMS of the flexor and extensor of the finger on the affected side was significantly increased (p < 0.05). The mean value of the extensor digitalis of the healthy side decreased, and the difference was statistically significant (p < 0.05).


TABLE 3 The mean value (µV) of surface electromyographic signal (RMS) and synergistic shrinkage ratioof the superficial flexor and digital extensor muscles of the affected and healthy sides during maximum voluntary flexion and extension of the wrist in children with ulnar radius fracture at 2months and the last follow-up.

[image: Table 3]



Discussion

This paper discusses the adverse effects of disuse muscular atrophy caused by immobilization on the macroscopical and microscopical muscles, mainly manifested as decreased muscle endurance and strength and decreased muscle fibre area and volume. Animal experimental studies found that when the sciatic nerve of the left hind limb of 10-week-old mice was incised and fixed with plaster, the bone strength and cross-sectional area of the rectus femoris muscle of the experimental limb decreased by about 10% and 30%, respectively 4 weeks after operation compared with the intact limb (24). Other animal experiments also found histological evidence of muscle atrophy in the plaster-fixed limb (25). In the absence of motor nerve injury, after 10 days of human lower limb plaster fixation, quadriceps cross-sectional area and maximum leg extension strength in one repeat decreased by 11.8% and 41.6%, respectively (26). Armangil et al. (27) found that after the operation of a volar plate for distal radius fracture, the pronator strength and endurance of the affected side lost 18.5% and 12.9% on average compared with that of the healthy side. The affected side's grip strength was also smaller than that of the healthy side in the weeks prior to distal radius fracture in elderly patients (28). In this study, similar to the above results, the grip strength of the affected side was still significantly lower than that of the healthy side at the short-term follow-up 2 months after surgery. Some studies have shown that the grip strength and hand muscle working ability of patients with closed radial fracture were significantly decreased in the 4th week after surgery but significantly improved in the 6th and 8th week after surgery (5), but such results did not seem to occur in the children in this study at the 8th week after surgery, suggesting from the side that the muscle strength of the affected forearm did not return to normal at this time. After a mean follow-up of 8.4 months, the grip strength of the affected side increased, the grip strength of the healthy side decreased, and finally the grip strength of both sides was equivalent, which was consistent with the expected goal of elastic intramedullary nailing.

Activation of the forearm muscles is important for producing stable grip strength (29), and grip strength are generated by the forearm's flexors (30). Mobach et al. (31) found that 6 weeks of hand fixation after distal radius fracture in adults resulted in a significant reduction in the amplitude and area of the hand's inherent complex muscle action potential. In this study, the peak value and mean value of the electromyographic activity amplitude of the flexor digitalis superficial and extensor digitalis of the forearm on the affected side were significantly lower than those on the healthy side during the grip strength test 2 months after surgery. Although an important factor in the selection of elastic intramedullary nail therapy was due to the small trauma and easy early recovery, the electromyographic activity of the affected forearm muscle was significantly less than that of thehealthy side, indicating that the electromyographic activity of the affected forearm muscle did not return to normal 2 months after surgery, especially in the superficial flexor muscle, which to some extent also reflected the consistency of grip strength and electromyographic activity results. We speculated that the reason for this result might be that although the plaster had been removed for a considerable period two months after surgery, combined with the excellent and good rate of 85% of the wrist Mayo score, the wrist joint activity returned to normal, but the early rehabilitation training was not in place due to pain, joint stiffness, overprotection and other physiological and psychological factors. The muscle mass and strength of the affected limb have not been fully recovered, leading to incomplete activation of the muscle motor unit and little muscle strength in children when they are active. In this study, one child relied too much on the healthy side limb, resulting in changes in the dominant side, which supported the above views. As with all surgical procedures, patient compliance is crucial in forearm fractures (32). Psychological exercises can positively impact the outcome of distal radius fractures requiring immobilization (33), and targeted psychological counselling can be performed at follow-up if necessary. Studies have found that muscle hypertrophy occurs in the first 5 weeks after immobilization, and more than 50% of hypertrophy during rehabilitation also occurs in the first 5 weeks of rehabilitation (34). In this study, at the follow-up 2 months after surgery, the child was in the first 5 weeks of rehabilitation, but the muscle activity of the affected limb did not return to normal at this time, suggesting that timely intervention and effective rehabilitation training should be conducted after the removal of the plaster.

In adults, fixation after fracture leads to muscle expense atrophy and rapid loss of muscle mass and strength, which can be offset by retraining and eventually complete recovery (28, 35). This phenomenon also occurs in children. As time passed, the affected side's upper limb gradually returned to normal activities. By 8.4 months after surgery, the Mayo Mayo score rate of the wrist was 100%, and the functional status, range of motion, and grip strength of the wrist on the affected side had returned to normal. The electromyographic activities of the flexor and extensor of the finger of the affected side were significantly increased compared with the follow-up of 2 months. The electromyographic activities of the muscles of the affected side and the healthy side were symmetrical. The changes in grip strength were consistent with those of the affected side. However, most children will have the elastic intramedullary nailing device removed at this time. Although it is also a minimally invasive operation, the second operation is another challenge for children who have not fully recovered physically and psychologically. We should ensure that the child is prepared for a smooth recovery before removing internal fixation.

Some scholars have used surface electromyography to study the relationship between grip strength and forearm muscle activity. Hoozemans et al. (36) used surface electromyography to predict the grip strength of 6 forearm muscles, including superficial flexor digitalis and extensor digitalis, in 8 healthy male subjects with the right hand. The results showed little absolute difference between observed and predicted grip strength and suggested that grip strength could be effectively predicted based on the EMG of three of the six forearm muscles. Duque et al. (37) studied the relationship between grip strength on the dynamometer and standard electromyography of the superficial flexor of the finger in 20 subjects using static calibration methods, and the results showed that the correlation coefficient between predicted grip strength and observed grip strength was 0.895. Gurram et al. (38) used power curve regression analysis to study the relationship between the EMG of finger flexors and grip strength under different static and dynamic loads, and the results showed that the correlation coefficient between the two was 0.91–0.99 under static loads and 0.78–0.99 under dynamic loads. Takala et al. (20) conducted surface EMG tests on the fingers' right extensor and superficial flexor muscles of 11 healthy right-handed adults during gripping, pushing and lifting activities and showed the highest correlation coefficient between external load and EMG activity was 0.25–0.66. The results of this study were similar to those of Takala et al. (20). Through the correlation analysis of the maximum grip strength and the maximum RMS of the superficial flexor of the finger, it was found that the grip strength of the affected side and the healthy side were moderately correlated with the maximum RMS of the superficial flexor of the finger at the last follow-up, and the correlation coefficient ranged from 0.452 to 0.469. It is suggested that the maximum RMS of the superficial flexor muscle may reflect grip strength to some extent. However, compared with other results, the correlation coefficient in this study was significantly lower, which may be related to the age of test subjects, test posture, electrode position, muscle size and grip gauge width. Gonzalez et al. (39) also pointed out that the performance of normally developing children in experiments related to forearm muscle contraction ability was age-related. Secondly, compared with the adults in the above study, although the target muscles are the superficial flexor and digital extensor muscles, the children's muscle development is not mature, the cross-sectional muscle area and muscle fibre size are significantly smaller, and the electromyographic crosstalk collected by the surface electromyographic electrode is relatively more obvious than that of adults, which may affect the results of the study. In addition, the width of the gripometer is larger than that of young children's palms, which also affects muscle activity to some extent, which may lead to a low correlation.

In this study, through the analysis of the electromyographic activity during flexion and extension of the wrist joint, the mean electromyographic activity RMS of the superficial flexor and extensor of the finger on the affected side did not recover to the level of the healthy side 2 months after surgery. After an average follow-up of 8.4 months, the electromyographic activity of the superficial flexor and extensor of the finger on the affected side increased significantly, while the electromyographic activity of the extensor of the finger on the healthy side decreased, and thebilateral electromyographic activity returned to basic symmetry. Similar to the changes in the electromyographic activity of the superficial flexor and extensor of the finger in the grip strength test, it again suggested that the electromyographic activity of the forearm muscles of the children did not return to normal during the flexion and extension of the grip and wrist joints in the early rehabilitation 2 months after surgery. Therefore, pediatric orthopedic clinicians should remind children to conduct timely and effective rehabilitation training after removing the cast. Rahmati et al. indicate that neuromuscular electrical stimulation (NMES) has been used as a safe training strategy in increasing skeletal muscle strength and mass in healthy young and older adults (40). Others indicated that aerobic, resistance and combined exercise training are also other type of rehabilitation training programs in reducing discomfort and increasing the quality of life in patients (41).

Studies have shown that the wrist flexors are highly task-dependent and contribute the most to volar-dominated tasks but show very low muscle activity in dorsal-dominant tasks and play a major role in generating grip strength and wrist flexion. In almost all cases, the wrist extensor is at a medium-high level, showing greater activity than the wrist flexor during hand dominance tasks to resist task-dependent changes, and plays a major role in wrist stabilization in countering the forces generated by the wrist flexors (42, 43). In this study, the electromyographic activities of the superficial flexors and extensors of the middle finger were consistent with the above conclusions. In addition, compared with other populations, such as cerebral palsy (11), the test subjects in this study were all children with normal development. No matter in the grip strength test or wrist flexion and extension activities, the cooperative contraction ratio of the affected side showed no difference from that of the healthy side, which also suggested that although the electromyographic activity of the superficial flexor and extensor of the affected side was less 2 months after surgery, the coordinated contraction ability between the two was not affected. Motor efficiency and hand function were not limited.

The limitations of this study are as follows: First, the sample size is small. We only studied the surface EMG features of the forearm muscle groups of the injured limb and the healthy limb in children with ulna and radius fractures and did not make a comparative analysis with the surface EMG features of the upper limb muscles of the normal children without injuries. However, since the subjects in this study were normally developing children, it was assumed that their muscle development and muscle activity were normal control group children, and the surface electromyographic signals on the healthy and the affected side after recovery were normal. Secondly, we did not thoroughly investigate whether the children's lifestyle and the psychological state changed after surgery, which will affect the effect of rehabilitation training. Third, the forearm muscle thickness was not measured in this study, which may partly influence the evaluation of EMG signals on the surface of the forearm muscles.



Conclusion

In summary, the elastic intramedullary nail treatment in children with ulnar and radius fractures can finally achieve satisfactory results. However, 2 months after surgery, the grip strength of the affected side is small, and the electrical activity of the forearm muscle is low during the flexion and extension activities of the wrist joint, which has not returned to normal, suggesting that children orthopaedic clinicians should remind children to conduct timely and effective rehabilitation training after the removal of the cast.
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