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A prospective observational study 
comparing outcomes application 
of low-frequency pulse electrical 
combined with target-oriented 
rehabilitation therapy in 
postoperative nerve function 
rehabilitation of patients with 
distal humeral fracture and radial 
nerve injury
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Objective: The aim of the present study was to compare the effect of low-
frequency pulse electrical stimulation combined with target-oriented 
rehabilitation therapy and single low-frequency pulse electrical stimulation 
therapy on postoperative neurological improvement in patients with radial 
nerve injury and humeral condylar fracture.

Methods: A total of 88 patients with humeral condyle fracture and radial nerve 
injury admitted to our hospital from April 2019 to January 2022 were randomly 
divided into a combined group and a control group, with 44 patients in each 
group. The patients in the combined group received low-frequency pulse 
electrical stimulation combined with target-oriented rehabilitation therapy, 
while those in the control group received low-frequency pulse electrical 
stimulation therapy. The recovery rate of radial nerve function, the recovery 
of finger extensor and wrist extensor muscle strength, and the occurrence of 
postoperative complications were evaluated in all patients.

Results: After treatment, the recovery rate in the combined group (77.27%) 
was higher than that in the control group (50.00%) (p  <  0.05). There was no 
significant difference in finger extensor and wrist extensor muscle strength 
before treatment between the two groups (p  >  0.05). After treatment, both 
groups showed improvement compared to before treatment (p  <  0.05), and 
the recovery in the combined group was better than that in the control group 
(p  <  0.05). There was no significant difference in MCV and amplitude before 
treatment between the two groups (p  >  0.05). After treatment, both groups 
showed improvement compared to before treatment (p  <  0.05), and the recovery 
in the combined group was better than that in the control group (p  <  0.05). The 
fracture healing time in the combined group was shorter than that in the control 
group (p  <  0.05). During the treatment period, there was one case of infection 
and one case of joint pain in the combined group, with a complication rate of 
4.55%. In the control group, there was one case of infection and two cases of 
joint pain, with a complication rate of 6.82%. There was no significant difference 
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in the complication rate between the two groups (p  >  0.05). The DHI score in the 
combined group was better than that in the control group (p  <  0.05). The ESCA 
score in the combined group was better than that in the control group (p  <  0.05).

Conclusion: Low-frequency pulse electrical stimulation combined with target-
oriented rehabilitation therapy can promote muscle strength and functional 
recovery after radial nerve injury, accelerate fracture healing time, and no 
additional risk of complications.

Clinical trial registration: https://www.researchregistry.com/, 
researchregistry9461.

KEYWORDS

low-frequency pulse electrical stimulation, goal-oriented rehabilitation, distal 
humeral condyle fracture with radial nerve injury, nerve function rehabilitation, 
rehabilitation therapy

1 Introduction

Distal humeral condyle fracture often occurs above the medial and 
lateral condyles of the distal humerus. Clinical symptoms include local 
swelling, pain, and nerve damage, with radial nerve injury being the 
most common. Based on the anatomical location of the humerus and 
radial nerve, the radial nerve runs on the outer side of the distal 
humerus, above the lateral condyle. When the humerus fractures and 
displaces severely or produces large bone fragments, it may compress 
or irritate the nerve, resulting in nerve damage (1). After radial nerve 
injury, common clinical manifestations include wrist drop deformity, 
limited finger movement, and sensory impairment in the anatomical 
snuffbox area. Due to the complex anatomy of the elbow joint and 
limited space for internal fixation, the overall treatment difficulty is 
high, and the prognosis is relatively poor. Postoperative complications 
such as elbow joint stiffness and heterotopic ossification easily occur, 
severely affecting the patient’s quality of life (2). According to relevant 
literature, a scientific and reasonable rehabilitation treatment plan is an 
important measure to prevent elbow joint stiffness. In addition, 
rehabilitation treatment is beneficial for promoting the recovery of limb 
function and preventing muscle atrophy and weakness. Low-frequency 
pulse electrical stimulation therapy is a new non-invasive rehabilitation 
approach. Currently, low-frequency electrical stimulation has been 
clinically observed to be beneficial in the treatment of distal humeral 
fractures combined with radial nerve injury, improving the muscle 
strength of wrist extensors, thumb extensors, and nerve conduction 
velocity, ultimately contributing to an improved quality of life for 
patients (3). Goal-oriented rehabilitation, as a progressive exercise 
mode, guides patients to achieve phased rehabilitation goals, which can 
better stimulate patients’ subjective initiative (4).

Low-frequency pulse electrical stimulation therapy, also known 
as neuromuscular electrical stimulation therapy, has accumulated 
mature application experience in the medical field due to its 
advantages of being a non-invasive rehabilitation treatment with high 
safety and easy operation. This treatment mainly relieves local pain or 
changes the pathological state by stimulating the affected area with 
low-frequency electrical currents. In the past few years, the widespread 
understanding of low-frequency pulse electrical stimulation therapy 
has been mainly aimed at reducing pain and improving function in 

different pain situations, and it is the main clinical tool for treating 
pain (5). The use of low-frequency pulse electrical stimulation therapy 
in clinical practice can alleviate pain, especially before stretching and 
therapeutic exercises.

In recent animal and clinical studies, low-frequency pulse electrical 
stimulation therapy has improved balance, muscle strength, and spastic 
states (6, 7). Low frequency pulse electrical stimulation therapy 
effectively relieves muscle fatigue; muscle fatigue is considered an 
important factor in arbitrary muscle control, posture, and balance (8). 
The use of low-frequency pulse electrical stimulation therapy effectively 
reduces knee pain by increasing the motor neuron pool of the 
quadriceps femoris and triggering isometric quadriceps activity (9). The 
clinical reports of low-frequency pulse electrical stimulation combined 
with goal-oriented rehabilitation in the treatment of humeral shaft 
fractures combined with radial nerve injury are limited. The specific aim 
of this study was to analyze the effect of two different treatments on 
postoperative neurological improvement in patients with radial nerve 
injury and humeral condylar fracture. Therefore, this study investigated 
the clinical effects of postoperative nerve function rehabilitation in 88 
patients with distal humeral condyle fractures combined with radial 
nerve injury admitted to our hospital from April 2019 to January 2022, 
aiming to provide reference for selecting appropriate rehabilitation 
programs in clinical practice. The results are reported as follows.

2 Materials and methods

2.1 General information

A total of 88 patients with distal humeral fractures complicated by 
radial nerve injury, admitted to our hospital from April 2019 to 
January 2022, were selected for this study. Based on a random number 
table, the patients were divided into a combination group and a 
control group, with 44 patients in each group. The control group 
consisted of 29 males and 15 females, aged 32–54 years, with an 
average age of (42.54 ± 5.27) years. The combination group consisted 
of 25 males and 19 females, aged 34–55 years, with an average age of 
(43.17 ± 5.43) years. The general information of the two groups of 
patients was comparable (p > 0.05). The experiments were admitted to 
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the Ethics Committee of the Honghui Hospital, Xi’an Jiaotong 
University (2021093698). All participants provided informed written 
consent for their inclusion in the study.

Sample size calculation is based on the hospital sampling survey 
case–control study method, with an estimated prevalence rate of 5% and 
a relative error of 20% in the sampling survey. The design efficiency deff 
is set to 1.5 with reference to other similar large-scale health surveys. A 
95% confidence interval is taken, with Za = 1.96 and a data incompleteness 
rate of 10%. The final calculated sample size ranges from 60 to 100.

Inclusion criteria: (1) Patients diagnosed with a fracture of the 
humeral condyle confirmed by imaging studies. (2) Patients diagnosed 
with concurrent radial nerve injury confirmed by electromyography. 
(3) First time fracture.

Exclusion criteria: (1) Patients with consciousness disorders or 
mental disorders. (2) Patients with poor compliance and unable to 
cooperate with subsequent treatment. (3) Patients who withdraw or 
refuse to continue the study midway. (4) Osteoporosis detected by 
bone density examination.

2.2 Methods

Treatment with low-frequency pulse electrical stimulation was 
administered to the control group: Prior to low-frequency pulse 
electrical therapy, thorough communication and discussion of the 
treatment plan and underlying mechanisms were conducted with the 
patients and their families to alleviate their adverse psychological state. 
Once the patients were adequately prepared, they were assisted into the 
treatment room and placed in a supine position. Treatment was 
administered using a low-frequency pulse electrical therapy device 
(Shanghai Yimu Medical Equipment Co., Ltd., registration number 
20142090132, model KD-2C), with the mode adjusted to low-frequency 
pulse electromagnetic therapy. After setting the relevant parameters, the 
treatment device was applied to the fracture site of the patients for 
25 min per session, once a day, until the patients were discharged.

In addition to the treatment received by the control group, the 
combined group underwent target-oriented rehabilitation therapy. 
Target-oriented rehabilitation therapy is a progressive rehabilitation 
exercise model that mainly guides patients to achieve different stages of 
exercise goals, in order to achieve the maximum rehabilitation effect: (1) 
In the early stage of the disease, patients and their families were provided 
with health education on target-oriented rehabilitation programs. 
Professional rehabilitation therapy teams assessed the patients’ 
psychological state and physical condition and provided targeted 
psychological guidance and dietary guidance. (2) During the relatively 
stable period, passive rehabilitation training was conducted on the 
patients’ finger joints, wrist joints, and elbow joints, and appropriate 
physical therapy was applied to the affected limb. Patients were instructed 
on upper arm muscle contraction training. The patients’ condition was 
reassessed, and the training intensity was appropriately adjusted based 
on their recovery status, focusing mainly on wrist joint, elbow joint, and 
shoulder joint flexion and extension. (3) During the stable period, the 
focus of training was on abduction and external rotation of the patients’ 
shoulder, supplemented with appropriate extension and flexion 
movements to exercise the shoulder joint and muscles.

Both groups of patients received discharge guidance and were 
followed up through telephone or outpatient visits. Regular hospital 
visits for reexamination were scheduled.

2.3 Observation indicators

(1) Evaluation based on the functional criteria for radial nerve repair 
after injury developed by the Hand Surgery Society of the Chinese 
Medical Association (10). The evaluation ranges from 0 to 16, the higher 
the score, the better the function. In addition, we set the score 9–16 as 
excellent and good recovery and the score under 8 score as fair and poor 
recovery. (2) Muscle strength recovery of the finger extensor and wrist 
extensor muscles is measured using an electromyography device 
(produced by Zhuhai Maikang Technology Co., Ltd.) before treatment 
and 6 months after treatment. (3) Motor nerve conduction velocity 
(MCV) and amplitude: MCV and amplitude of the patients are measured 
before treatment and 6 months after treatment using an electromyography 
device. (4) Fracture healing time: Based on the review of imaging data, 
the time required for the formation of callus, callus volume, and 
disappearance of the fracture line at the fracture site is recorded for both 
groups of patients. (5) The incidence of infection, joint pain, and delayed 
fracture healing during the treatment period is recorded. (6) Duruoz 
Hand Index (DHI) score: Assessing the level of hand activity in daily life 
for both groups of patients. (7) Elderly Self-Care Ability (ESCA) score: 
Evaluating the level of self-care ability in daily life, emotional regulation 
ability, and social interaction for both groups of patients.

2.4 Statistical methods

SPSS 22.0 statistical software package was used for data analysis. 
Perform Kolmogorov Smirnov test on the data to obtain a normal 
distribution. Continuous variables were expressed as (mean ± standard 
deviation) and compared between groups using t-test. The categorical 
variables were expressed as [n (%)] and analyzed by Chi-square test 
for the difference between the groups. A p value of less than 0.05 was 
considered statistically significant.

3 Results

3.1 Comparison of the excellent and good 
recovery rates of nerve function between 
the two groups

The combined group obtained a higher excellent and good 
recovery rate than the control group (77.27 vs. 50.00%). According 
to the chi-square test, the combined group has a significant 
association (p < 0.05) with better recovery categorizations, as shown 
in Table 1.

TABLE 1 Recovery rates of neurological function in two patient groups [n 
(%)].

Group Number 
of cases

Excellent and 
good recovery

Fair and poor 
recovery

Combined 

group
44 34 (77.27)

10 (22.73)

Control group 44 22 (50.00) 22 (50.00)

χ2 7.071

p 0.008
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TABLE 3 Comparison of MCV and amplitude before and after treatment in two patient groups (x̄ ± s).

Group Number of 
cases

MCV (m/s) Amplitude (mV)

Before treatment After treatment Before treatment After treatment

Combination group 44 42.66 ± 4.27 62.58 ± 2.39* 10.34 ± 2.41 19.27 ± 3.39*

Control group 44 43.71 ± 4.29 50.28 ± 3.41* 11.24 ± 2.62 15.23 ± 2.63*

t 1.150 19.593 1.677 6.245

p 0.253 <0.001 0.097 <0.001

Compared with pre-treatment within the same group, *p < 0.05.

TABLE 4 Comparison of fracture healing time between the two groups of 
patients (x̄ ± s, d).

Group Number of 
cases

Fracture healing 
time

Combination group 44 69.42 ± 6.44

Control group 44 78.59 ± 6.39

t 6.704

p <0.001

3.2 Comparison of muscle strength 
recovery between two groups of patients

There was no significant difference in the muscle strength of the 
finger extensor and wrist extensor muscles before treatment in both 
groups of patients (p > 0.05). After treatment, both groups showed 
improvement compared to before treatment (p < 0.05), with the 
combination group showing better recovery than the control group 
(p < 0.05). See Table 2.

3.3 Comparison of MCV and amplitude 
before and after treatment in two patient 
groups

There was no significant difference in MCV and amplitude before 
treatment between the two patient groups (p > 0.05). After treatment, 
both groups showed improvement compared to before treatment 
(p < 0.05), and the combined group showed better recovery than the 
control group (p < 0.05). Refer to Table 3.

3.4 Comparison of fracture healing time 
between the two groups of patients

The fracture healing time in the combination group was shorter 
than that in the control group (p < 0.05). See Table 4.

3.5 Comparison of complications in two 
patient groups

During the rehabilitation treatment period, the combined group 
had one case of infection and one case of joint pain, with a 
complication incidence rate of 4.55%. The control group had one case 

of infection and two cases of joint pain, with a complication incidence 
rate of 6.82%. The frequency of complications in the two groups was 
similar (p > 0.05), see Table 5.

3.6 Comparison of Dizziness Handicap 
Inventory scores between two patient 
groups

The combined group had significantly better DHI scores 
compared to the control group (p < 0.05). Please refer to Table 6.

3.7 Comparison of ESCA scores between 
two patient groups

The ESCA scores in the combined group were significantly higher 
than those in the control group (p < 0.05). Please refer to Table 7.

4 Discussion

Fractures of the humeral condyle are often caused by indirect 
violence such as sports injuries and traffic accidents. Under the 

TABLE 2 Muscle strength recovery in two groups of patients (x̄ ± s).

Grouping Number of 
cases

Total extensor muscle Wrist extensor muscle

Before treatment After treatment Before treatment After treatment

Combined group 44 58.64 ± 10.30 220.65 ± 47.67* 40.66 ± 23.30 124.33 ± 12.45*

Control group 44 59.29 ± 10.35 188.74 ± 43.89* 41.67 ± 23.45 101.53 ± 9.86*

t 0.298 3.303 0.204 9.630

p 0.765 0.001 0.838 <0.001

Compared with before treatment in the same group.*p < 0.05.
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action of external forces, the fracture site can be displaced forward 
and downward, leading to radial nerve injury and compression. 
Additionally, based on the physiological anatomy, the middle and 
lower third of the humerus closely adheres to the radial nerve. The 
fractured ends can exert forces such as traction, impingement, and 
tearing on the radial nerve, ultimately resulting in nerve damage. 
Furthermore, improper patient handling or inadequate treatment 
during the transportation of patients with humeral condyle 
fractures can also cause traction, tearing, or impingement of the 
nerve, leading to nerve injury (11).

When a fracture of the distal humerus and radial nerve injury 
occur, potential deformities of the elbow (including valgus 
deformity) and long-term restricted upper limb mobility often 
have adverse effects on the physical and mental well-being of the 
patient (12, 13). Additionally, the treatment options for fractures 
of the distal humerus and radial nerve injury often carry certain 
risks, especially invasive and surgical treatments. Due to the small 
joint cavity volume of the elbow joint and the presence of multiple 
joints within the cavity, as well as the complexity of the overall 
structure, there is a significant increase in the risk of complications 
such as heterotopic ossification and elbow joint stiffness after 
surgery (14). Timely and correct intervention in neurofunctional 
rehabilitation can help reduce the risk of complications and 
promote patient recovery.

In the early stage of fracture, gentle muscle relaxation exercises are 
performed on the affected limb to promote blood circulation and 
tissue recovery, as well as to prevent muscle atrophy and joint stiffness. 
During the relatively stable period, appropriate passive training is 

conducted to promote muscle strength and joint recovery. In the 
stable period, the training intensity is appropriately increased based 
on the patient’s actual condition, promoting the restoration of normal 
range of motion in the joints (15).

Low-frequency electrical currents are a form of physical energy 
that, when applied to the treatment site, induce depolarization and 
hyperpolarization reactions in nerve endings. By activating 
pre-synaptic inhibition in the spinal cord, blocking ascending 
conduction, and activating the descending pain inhibition system, 
it plays a role in local analgesia and accelerated blood circulation 
(4). In patients with elbow joint immobilization after distal 
humeral fracture, this treatment can stimulate the damaged radial 
nerve and muscles, causing passive contractions and thus restoring 
the function of the damaged nerves and muscles. At the same time, 
low-frequency electrical stimulation of the nerve terminals 
promotes smoother lymphatic and blood circulation in the painful 
area, helping to alleviate pain. Furthermore, electrical stimulation 
promotes the proliferation of phagocytes and accelerates the 
decomposition of distal axons in nerve injuries, providing a 
favorable environment for proximal nerve regeneration. Multiple 
clinical reports have confirmed the efficacy of low-frequency pulse 
electrical stimulation in the treatment of distal humeral fractures 
and radial nerve injuries (16).

The results of this study suggest that the combined group had 
a higher rate of excellent neural functional recovery compared to 
the control group. This is because electrical stimulation improves 
blood circulation in the affected limb, thereby accelerating the 
exchange of nutrients required for nerve repair. Low-frequency 
pulse electrical stimulation is beneficial for the proliferation and 
differentiation of bone cells, thus accelerating bone healing (17). 
Targeted rehabilitation therapy for localized swelling and bleeding 
after fracture promotes soft tissue recovery and relieves pain at the 
fracture site. Additionally, promoting fracture healing helps in the 
formation of callus and enhances bone density to a certain extent. 
Targeted rehabilitation therapy, through passive training of the 
affected limb, helps reduce the risk of joint stiffness. Furthermore, 
in both groups of patients, although there was no significant 
difference in muscle strength of the fingers and wrist extensor 
muscles before treatment, both groups showed improvement in 
muscle strength after treatment, with the combined group showing 
better recovery than the control group. Similar to the results of 
previous studies by Wang Lina et  al. (18). Furthermore, the 
incidence of complications in the research group patients was 
lower than that in the control group, although this difference was 
not statistically significant. Low-frequency pulse therapy can 
stimulate neuromuscular activity, leading to muscle contraction, 
promoting arterial blood supply, as well as venous and lymphatic 
drainage, improving local nutrient metabolism, and reducing 
edema. It can also increase muscle tension, preventing or delaying 

TABLE 5 Complications in two groups of patients [n (%)].

Group Number of cases Infection Joint pain Delayed healing Total incidence

Combination group 44 1 (2.27) 1 (2.27) 0 2 (4.55)

Control group 44 1 (2.27) 2 (4.55) 0 3 (6.82)

χ2 0.212

p 0.645

TABLE 6 Comparison of Dizziness Handicap Inventory (DHI) scores 
between two patient groups (x̄ ± s, scores).

Group Number of cases DHI score

Combination group 44 79.49 ± 7.22

Control group 44 72.07 ± 6.58

t 5.038

p <0.001

TABLE 7 Comparison of ESCA scores between two patient groups (x̄ ± s, 
scores).

Group Number of cases ESCA score

Combination group 44 124.66 ± 10.93

Control group 44 100.47 ± 9.85

t 10.905

p <0.001
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muscle atrophy. By rhythmically stimulating neuromuscular 
activity with low-frequency and small current (<15 mA), the risk 
of adhesion between muscle fibers and fascia, as well as between 
muscle bundles due to injury or inflammation, can be reduced, 
maintaining muscle elasticity and preventing muscle spasms. On 
the other hand, electrical stimulation can promote the regeneration 
of damaged nerve fibers (19). Low-frequency pulse electrical 
stimulation can improve blood circulation and metabolism at the 
fracture site, while targeted rehabilitation therapy, based on 
passive training of the affected limb, further promotes blood 
circulation. Previous literature (4, 5) has reported successful cases 
using this treatment protocol, and relevant reports have 
demonstrated its effectiveness and safety. In addition, both 
treatment modalities have a similar safety profile.

Wang et al. (18) conducted a clinical controlled study on 86 
patients with humeral shaft fractures combined with radial nerve 
injury who underwent open reduction and internal fixation surgery. 
They found that patients who received combined low-frequency 
pulse electrical therapy had a higher rate of excellent neurological 
function after 6 months of treatment. In addition, based on clinical 
indicators such as electromyography (EMG) indicators of wrist 
extensor muscle strength recovery, motor nerve conduction velocity 
(MCV), waveform, and fracture healing time, patients in the 
combined treatment group performed better than the control group 
during the same period, and these differences were statistically 
significant (p < 0.05). Another clinical report (20) on the combined 
use of low-frequency electrical stimulation and action observation 
therapy in patients with upper limb dysfunction after stroke showed 
that compared to the control group receiving conventional 
rehabilitation treatment, the experimental group receiving combined 
low-frequency electrical stimulation therapy demonstrated better 
motor function scores (FMA) and activities of daily living scores 
(MBI) after the same treatment period. Additionally, the 
experimental group also achieved better results in hand function 
scores (UEFT).

Although several clinical studies have demonstrated the 
significant efficacy of low-frequency pulsed electrical stimulation 
in the treatment of humeral fractures with associated radial nerve 
injury, the underlying treatment mechanism remains incompletely 
understood. Future research should focus on elucidating the 
mechanisms by which low-frequency pulsed electrical stimulation 
affects bone cells, as well as its effects on plasma ions such as 
calcium, magnesium, and phosphorus in the human body. The 
limitation of this study is the lack of long-term functional 
follow-up data for the combined group. Whether the combined 
group is still better than the control group in long-term 
observation will be explored. In the future, the sample size will 
be expanded and multicenter, long-term follow-up experiments 
will be conducted.

Low-frequency pulse electrical therapy can alleviate patient 
pain, promote neurological recovery, and facilitate fracture 
healing, yielding significant clinical effects. Goal-oriented 
rehabilitation therapy also overcomes the shortcomings of 
insufficient patient subjective involvement in previous 
conventional rehabilitation treatments. The combined use of these 
two rehabilitation approaches can to a certain extent maintain the 
physical and mental well-being of patients, allowing them to 
better return to their daily work and life after completing the 
rehabilitation training.
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