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Background: Transcranial ultrasound (TCS) can be used to reveal structural changes in the substantia nigra (SN) and is a potential 
tool for the early diagnosis of Parkinson’s disease (PD). This study aimed to explore the relationship between substantia nigra 
hyperechogenicity (SNH) and the clinical features of PD patients.
Methods: A total of 96 PD patients were included in our study. All patients were detected by TCS and divided into two groups: PD 
patients with SNH (PDSN+) and those with normal SN echogenicity (PDSN-). The Unified Parkinson’s Disease Rating Scale 
(UPDRS) and the Hoehn & Yahr stage were used to assess the extent of disease-related disability of the PD patients. Non-motor 
symptoms were evaluated by using several scales. The instrumented stand and walk test was performed on all subjects, and gait data 
were gathered using a JiBuEn gait analysis system.
Results: Seventy-five PD patients were successfully assessed by TCS. We found that SNH was associated with a higher UPDRS II 
scores (p = 0.028). In addition, compared with PDSN- group, the PDSN+ group exhibited more severe gait impairment, including 
increased variability in stride length (p = 0.042), decreased heel strike angle (p = 0.017), decreased range of motion of hip joints (p = 
0.031), and a more asymmetrical walking pattern (p = 0.028).
Conclusion: Our study demonstrated that SNH significantly correlated with activities of daily living and gait impairment in Chinese 
patients with PD, suggesting the formation of SNH might be a dynamic biomarker reflecting disease severity.
Keywords: Parkinson’s disease, transcranial sonography, substantia nigra hyperechogenicity, non-motor symptoms, gait analysis

Introduction
Parkinson’s disease (PD) is the second most common neurodegenerative disease characterized by the loss of dopami-
nergic neurons in the substantia nigra (SN).1 Transcranial sonography (TCS) is a noninvasive and convenient diagnostic 
technique that can reveal structural changes in the SN and is potentially useful in the diagnosis of PD. SN hyperecho-
genicity (SNH) was detected by TCS in the SN of PD patients, which could differentiate PD patients from those with 
other parkinsonian syndromes.2–4 TCS is used extensively in clinical practice. Studies on the use of TCS in PD patients 
are increasing, but it is still unclear whether the extent of SNH can be a biomarker for monitoring disease severity. Some 
recent studies have found that PD patients with SNH tend to be older, have more severe non-motor symptoms and are at 
a more advanced disease stage.5,6 However, other studies have not found similar results.7,8 There is a lack of studies that 
have explored the relationship between motor symptoms, particularly gait dysfunction, and SNH. Additionally, most 
previous studies were assessed by scales. Semiquantitative rating scales such as the UPDRS III score are somewhat 
subjective, and reflect only a portion of motor function in daily life.9 More precise quantification of motor performance is 
needed to improve in-depth understanding of PD.
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Gait impairment in PD patients worsens as the disease progresses, affecting the patient’s quality of life and potentially 
leading to falls.10,11 Owing to the rapid development of technology, the use of wearable sensors has made it possible to 
quantify walking patterns. The present study aimed to comprehensively assess the correlation between SNH and the 
clinical features of PD patients, including gait impairment and non-motor symptoms. We hypothesized that SNH is 
associated with more severe clinical features in PD patients. Our results may aid the management of PD patients and 
enhance individualized care for these patients.

Methods
Participants
PD patients were diagnosed according to the Movement Disorder Society criteria.12. Diagnoses were made by at least 
two experienced neurologists and were based on medical history, neuroimaging studies, and physical examination. None 
of the PD patients presented atypical features such as cerebellar abnormalities, pyramidal signs, gaze palsy or other 
secondary parkinsonism. From January 2019 to July 2021, 96 Chinese patients with PD from the Department of 
Geriatrics, Nanjing Brain Hospital Affiliated to Nanjing Medical University were included in this study. We excluded 
patients with fractures, cerebrovascular disease, spinal spectrum diseases, and other diseases that may affect gait 
performance. This study was approved by the Medical Ethics Committee of the Nanjing Brain Hospital Affiliated to 
Nanjing Medical University. All patients signed a written informed consent form.

Midbrain Transcranial Sonography
The sonographic examinations were performed within 1 week after the clinical scale assessment. Philips EPIQ7 
ultrasonic diagnostic apparatus with an emitting frequency of 1.0 MHz ~ 5.0 MHz was used to detect echogenicity in 
the SN with a dynamic range of 45~55 dB and penetration depth of 14~ 16 cm. TCS was performed through both 
temporal bone windows in the axial plane by the same experienced ultrasound practitioner who was blinded to the 
clinical manifestations of the patients. SN echogenic areas were manually encircled with the cursor, and the planimetric 
area was measured automatically. Patients with at least one SN hyperechogenic size ≥0.20 cm2 were defined as 
hyperechogenic (SN+),13 whereas normal (SN-) was defined as both left and right SN hyperechogenic areas less than 
0.20 cm2. Seventy-five patients (78.125%) had appropriate temporal acoustic bone windows.

Clinical Evaluation
The following demographic data of all participants were collected: age, height, weight, sex, education, shoe size, and 
disease duration, The Unified Parkinson’s Disease Rating Scale (UPDRS) and the Hoehn & Yahr Stage (H-Y stage) were 
used to assess the disease disability of the PD patients. The Non-motor Symptoms Scale (NMSS) was used to evaluate 
non-motor characteristics of PD patients, the Mini-mental State Examination (MMSE) and Montreal Cognitive 
Assessment (MoCA) were applied to evaluate cognitive function, the Pittsburgh Sleep Quality Index (PSQI) and 
Parkinson’s Disease Sleep Scale (PDSS) were used to assess patients’ sleep quality, the Parkinson’s Disease 
Questionnaire-39 (PDQ39) was used for the quality of life, the Hamilton Depression Scale (HAMD) and Hamilton 
Anxiety Scale (HAMA) were used for depression and anxiety, respectively.

Gait Data Collection
We applied a set of gait-analysis system called JiBuEn to collect gait data. A previous study verified the accuracy of this 
equipment.14 All patients were asked to stop antiparkinsonian medication for 24 h (or 72h for the controlled release anti- 
PD medications). We collected gait data the next morning while the patient was fully awake. All PD patients completed 
the instrumented stand and walk test.15 First, the patients stood silently for 30s; when they heard the doctor’s order, they 
walked 7 meters in a comfortable manner, and then returned to the starting place. The gait data were collected through 
this process. All patients practiced the test twice before data collection to become acquainted with it.
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Statistical Analysis
All analyses were performed with SPSS v.25.0. Qualitative data were summarized as counts of subjects and percentages. 
Continuous variables are given as the mean ± standard deviation (SD), and statistical significance was set at P < 0.05. A chi- 
square test was applied for qualitative data. All measurement data were tested for normality by the Kolmogorov–Smirnov test 
and further data analysis was performed using the two-sample t test and Mann–Whitney U-test. Spearman correlation analysis 
was performed to examine the associations between SN echogenicity and the factors described above. Formula (1.1) was 
applied to calculate the variability of gait parameters and then formula (1.2) was used to combine.16,17 We used the asymmetry 
index (AI) to assess the symmetry of the gait data by using Formula (2).18,19 

Formula (1.1): CVseparate ¼ SD�mean value 

Formula (1.2): CVcombined¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
CVLþCVR

2

q

� 100 

CV represents the coefficient of variation; the subscripts L and R refer to the left and right sides of subjects, 
respectively. 

Formula (2): AI ¼ maxðXL;XRÞ� minðXL;XRÞ
maxðXL;XRÞ

� 100 

where X = [ST, SL, SwPT, StPT, TO, HS, ROM-AJ, ROM-KJ, ROM-HJ], and the subscripts L and R refer to the left 
and right sides of patients. ST: stride time; SL: stride length; SwPT: swing phase time; StPT: stance phase time; TO: toe- 
off angle; HS: heel strike angle; ROM: range of motion; AJ: ankle joint; KJ: knee joint; HJ: hip joint.

Results
Of the 96 participants, we failed to acquire appropriate temporal acoustic bone windows in 21 patients; thus, they were 
excluded from further analysis. The remaining 75 PD patients were divided into two groups according to the TCS examination 
results. Comparison between PD patients with SN+ (PDSN+) and SN- (PDSN-) was performed and their detailed baseline 
data are shown in Table 1. There was no statistical difference in any baseline data between the two groups.

Table 1 Clinical Baseline Data of Patients

PDSN+ PDSN- P

N 37 38

Age (years) 62.16±9.05 64.87±9.65 0.214

Height (cm) 166.92±7.64 165.71±6.60 0.352
Weight (kg) 65.39±10.23 67.07±10.99 0.497

Male (%) 72.97% 68.42% 0.801

Education (%) 0.712
Illiteracy 4 4

Primary school 8 5

Middle school 18 23
College 7 6

LEDD (mg) 436.17±340.04 390.76±342.10 0.361

Shoes size (EUR) 40.35±2.12 40.26±2.02 0.772
PD duration (years) 6.50±5.18 5.10±4.46 0.198

UPDRS III total scores 33.24±14.44 28.00±15.32 0.093

H-Y stage 2.53±0.69 2.33±0.91 0.108

Note: Value was shown as mean ± SD. 
Abbreviations: PD, Parkinson’s disease; SN, substantia nigra; PDSN+, PD patients with SN hyperecho-
genicity; PDSN-, PD patients with normal SN echogenicity; LEDD, Levodopa equivalent daily dose; 
UPDRS III, Unified Parkinson’s Disease Rating Scale part 3.
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Clinical Scale Assessment
The scores of UPDRS Part 2 (UPDRS II) were significantly increased in the PDSN+ group compared with the PDSN- group 
(15.65±6.68 vs 12.61±7.15, p = 0.028). Spearman correlation analysis also showed that SNH was positively correlated with 
the UPDRS II scores (r = 0.256, p = 0.026). However, the scores of the NMSS, MoCA, MMSE, HAMD, HAMA, PDSS, PSQI 
and PDQ-39 were not significantly different between the two groups. All data are presented in Table 2.

Spatiotemporal Gait Parameters
Spatiotemporal gait parameters including stride length (SL), stride time (ST), gait velocity (GV), cadence (CA), swing 
phase time (SwPT), stance phase time (StPT) and the variability of ST (CV-ST), SwPT (CV-SwPT) and StPT (CV-StPT) 
were similar between PDSN+ group and PDSN- group. The only significant difference between the two groups was for 
the variability of SL (CV-SL) (28.21±6.92 vs 25.23±7.02, p = 0.042). The correlation analysis also showed that SNH was 
significantly positively correlated with CV-SL (r = 0.237, p = 0.041). The detailed data are presented in Table 3.

Kinematic Gait Parameters
The range of motion (ROM) of the hip (ROM-HJ), knee (ROM-KJ), and ankle joints (ROM-AJ) were measured. We 
acquired the ROM values by calculating the difference between the maximum and minimum angle of the joints in the 
sagittal plane. The toe-off (TO) and heel strike (HS) angles were also measured. There was no difference in ROM-AJ, 
ROM-KJ or TO between the PDSN+ group and the PDSN- group. However, we found significant differences in HS 
(12.10±3.32 vs 13.70±3.35, p = 0.017) and ROM-HJ (31.79±9.29 vs 35.64±7.72, p = 0.031) between the PDSN+ and 
PDSN- groups, respectively. SNH was significantly and negatively correlated with HS (r = −0.277, p = 0.016) and ROM- 
HJ (r = −0.251, p = 0.030). All data are shown in Table 4.

Symmetry Analysis of Gait Parameters
Spatiotemporal and kinematic gait parameters were included in the symmetry analysis. Compared with the PDSN- group, 
only the AI-ROM-AJ was significantly increased in the PDSN+ group (15.84±12.51 vs 10.93±10.28, p = 0.028). 
Spearman correlation analysis also showed that SNH was positively correlated with AI-ROM-AJ (r = 0.256, p = 
0.026). All data are provided in Table 5.

Table 2 Clinical Scale Assessment of Patients

PDSN+ PDSN- P

UPDRS I 2.54±2.01 2.84±2.25 0.617

UPDRS II 15.65±6.68 12.61±7.15 0.028
HAMA 7.81±6.04 6.45±5.29 0.285
HAMD 9.38±7.12 7.00±5.75 0.051

NMS 11.00±4.98 11.21±5.30 0.860

PSQI 7.22±5.22 6.29±4.82 0.470
PDSS 101.78±26.02 110.74±25.57 0.137

PDQ39 38.78±26.99 33.87±28.64 0.304

MMSE 25.95±5.09 25.58±5.04 0.641
MoCA 23.22±6.06 22.95±6.80 0.749

Note: Data was shown as mean ± SD; bold font represented significant 
results. 
Abbreviations: PD, Parkinson’s disease; SN, substantia nigra; PDSN+, 
PD patients with SN hyperechogenicity; PDSN-, PD patients with normal 
SN echogenicity; UPDRS I, Unified Parkinson’s Disease Rating Scale part 
1; UPDRS II, Unified Parkinson’s Disease Rating Scale part 2; HAMA, 
Hamilton Anxiety Scale; HAMD, Hamilton Depression Scale; NMSS, 
Non-motor Symptoms Scale; PDSS, Parkinson’s Disease Sleep Scale; 
PSQI, Pittsburgh Sleep Quality Index; PDQ39, Parkinson’s Disease 
Questionnaire-39; MMSE, Mini-mental State Examination; MoCA, 
Montreal Cognitive Assessment.
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Table 4 Kinematic Gait Parameters of Participants

PDSN+ PDSN- P

TO 5.51±0.87 5.24±1.25 0.177
HS 12.10±3.32 13.70±3.35 0.017
ROM-AJ 21.43±5.83 23.28±5.46 0.157

ROM-KJ 104.57±23.98 106.57±22.58 0.712
ROM-HJ 31.79±9.29 35.64±7.72 0.031

Note: Data was listed as mean ± SD; bold font represented significant 
results. 
Abbreviations: PD, Parkinson’s disease; SN, substantia nigra; PDSN+, 
PD patients with SN hyperechogenicity; PDSN-, PD patients with normal 
SN echogenicity; TO, toe-off angle; HS, heel strike angle; ROM, range of 
motion; AJ, ankle joint; KJ, knee joint; HJ, hip joint.

Table 5 Symmetry Analysis of Gait Parameters

PDSN+ PDSN- P

AI-SL 3.17±1.97 2.68±1.52 0.391
AI-ST 11.00±11.36 10.35±10.07 0.87

AI-StPT(%) 7.45±9.34 7.38±12.44 0.874

AI-SwPT(%) 10.58±10.56 10.83±10.08 0.649
AI-TO 10.55±9.73 9.92±7.71 0.874

AI-HS 19.18±12.00 16.11±11.44 0.112

AI-ROM-AJ 15.84±12.51 10.93±10.28 0.028
AI-ROM-KJ 15.00±11.66 15.55±13.98 0.857

AI-ROM-HJ 15.56±17.72 11.96±12.42 0.299

Note: Data was shown as mean ± SD; Bold font represented significant 
results. 
Abbreviations: PD, Parkinson’s disease; SN, substantia nigra; PDSN+, 
PD patients with SN hyperechogenicity; PDSN-, PD patients with normal 
SN echogenicity; AI, asymmetry index; SL, stride length; ST, stride time; 
StPT, stance phase time; SwPT, swing phase time; TO, toe-off angle; HS, 
heel strike angle; ROM, range of motion; AJ, ankle joint; KJ, knee joint; 
HJ, hip joint.

Table 3 Spatiotemporal Gait Parameters of Participants

PDSN+ PDSN- P

SL 0.93±0.23 0.99±0.24 0.098
GV 0.76±0.23 0.84±0.22 0.126

CA 97.47±20.83 101.28±19.45 0.415

ST 1.34±0.65 1.25±0.39 0.508
StPT(%) 64.71±5.51 63.39±6.62 0.322

SwPT(%) 34.90±5.19 36.63±6.64 0.180

CV-SL 28.21±6.92 25.63±7.02 0.042
CV-ST 22.51±5.21 24.31±9.46 0.992

CV-StPT 17.51±3.33 17.92±7.10 0.376
CV-SwPT 23.43±5.04 23.33±8.04 0.337

Note: Data was listed as mean ± SD; bold font represented significant 
results. 
Abbreviations: PD, Parkinson’s disease; SN, substantia nigra; PDSN+, 
PD patients with SN hyperechogenicity; PDSN-, PD patients with normal 
SN echogenicity; SL, stride length; GV, gait velocity; CA, cadence; ST, 
stride time; StPT, stance phase time; SwPT, swing phase time; CV, coeffi-
cient of variation.
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Discussion
This study included 96 patients to explore the association between SN echogenicity and non-motor symptom and gait 
characteristics in Chinese patients with PD. We found that PD patients with SNH showed higher UPDRS II scores and 
more severe gait impairment than PD patients with normal SN echogenicity.

Several studies have shown that urinary incontinence, depression, UPDRS II scores, cognition, and visual hallucina-
tions are associated with SNH.5,20–23 In our clinical scale assessment, we found that SNH was significantly and positively 
correlated with the UPDRS II scores, but no correlation was found between SNH and depression. A similar conclusion 
was drawn in a recent Chinese population-based study.21 We tentatively attribute this result to the following points: First, 
a recent study demonstrated that the size of the SNH was positively associated with the extent of dopaminergic neuron 
death in PD animal models.24 Accordingly, we preliminarily inferred that the echogenic pattern of the SN might be 
associated with disease progression. Moreover, it was also reported that the UPDRS II score increased significantly with 
the progression and duration of the disease.25 Therefore, UPDRS II scores were higher in the group with a larger 
echogenic size. Second, PD duration was not significantly different between the groups, but reduced in PDSN- group 
when considering absolute values. Considering the correlation between UPDRS II scores and disease duration, this may 
also be one of the potential reasons for the higher UPDRS II score in the PDSN+ group. A recent Chinese study showed 
that the size of SN echogenicity in PD patients was related to the disease duration,26 but there was only a trend but no 
significant difference in our study, which may be related to our relatively small sample size. Finally, the UPDRS II 
focuses on activities of daily living, which is strongly influenced by the patient’s subjective perceptions.27 Because the 
items of the UPDRS II include falling, freezing and walking, patients with more severe gait disturbance may score higher 
on the UPDRS II. In our study, gait disturbance was associated with SNH, and this could be one explanation for the 
higher UPDRS II score. The mechanism underlying the formation of SNH is not fully understood but has been suggested 
to be related to the iron accumulation and microglia activation.28,29 However, there is also no direct evidence of 
a correlation between clinical symptoms and microglia activation in the SN in PD.

Gait disturbance is a prototypical feature of PD, and wearable sensors are objective tools that can be used to quantify 
the walking process. Patients with PD tend to show a slower walking speed and a shorter step length than healthy 
people.19 However, few studies have investigated the relationship between SNH and gait performance. Among the 
spatiotemporal gait parameters, we found that the PDSN+ group exhibited an increased CV-SL compared with the 
PDSN- group. CV refers to the stride-to-stride fluctuation of the gait parameters during walking process. The increased 
CV-SL is noteworthy because previous studies have shown that CV-SL predicts falls in older people and is associated 
with disease severity.30,31 Among the kinematic gait parameters, HS and ROM-HJ were decreased in the PDSN+ group 
compared with the PDSN- group. Spearman correlation analysis demonstrated that SNH was negatively correlated with 
HS and ROM-HJ. The decreased HS reflects patients’ shuffling gait and manifests the diminished muscle strength of the 
lower limbs, which may lead to falls.32 In addition, a decreased ROM-HJ value indicates a more rigid gait pattern. From 
a kinematic point of view, the PDSN+ group had a greater risk of falls than the PDSN- group. Gait asymmetry in PD is 
related to uncoordinated action in the leg muscles and may predispose the patient to freezing of gait.33,34 Compared with 
the PDSN- group, the PDSN+ group had increased AI-ROM-AJ values, which manifested in the PDSN+ group walking 
with a more asymmetrical gait pattern.

In our study, the PD patients with SNH may have suffered more severe impairments in activities of daily living and 
gait performance. SNH may correlate with disease severity, which is still controversial. A previous study reported that the 
size of SN echogenicity was unrelated to disease progression and gradual neuron loss in the SN.35 However, 60–70% of 
dopaminergic neurons in the SN are lost before clinical symptoms appear.36 Studies that have included only patients in 
advanced stages of PD cannot elucidate how SNH changes over time after the loss of most dopaminergic neurons. 
Furthermore, there is heterogeneity among the different subsets of PD patients. For example, when patients were 
classified as tremor dominant (TD) and non-TD subtypes, a correlation between disease duration and SNH was found 
in the non-TD PD patients.26 More extended studies are required to formalize this result.

In our research, one major concern was the relatively low sensitivity of TCS in this cohort. Only 49.3% of PD patients 
showed hyperechoic signals in the SN, which was lower than most in previous studies.2,7,37 First, difference in the racial 
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or ethnic makeup of the study population could be one reason for these differences in TCS signal. Our result is in line 
with other Asian studies that have reported a similar rate (~50%).26,38 Furthermore, previous Chinese studies using 
single-photon emission computed tomography as the gold standard also showed that the sensitivity of TCS is only 
approximately 60%.39,40 Second, some previous studies have suggested that echosignal extension is related to disease 
severity.41,42 Most of the patients in our study were in the early stages of the disease, this may be one of the reasons. 
Thirdly, although the TCS was performed by the same experienced ultrasound practitioner who was blinded to the 
clinical symptom of the patients, it is still difficult to avoid subjective errors in identifying SN hyperechoic regions. 
Finally, considering our relatively small sample size, selection bias cannot be excluded.

Despite these limitations, our research expanded on previous studies and found that the PDSN+ group exhibited 
higher UPDRS II scores, decreased ROM-HJ and HS, and a more variable and asymmetric gait pattern than the 
PDSN- group. In our cohort of Chinese patients with PD, SNH was significantly correlated with activities of daily 
living and gait dysfunction. Our cross-sectional study will help in the management of PD patients with SNH. Based on 
the results of this study, follow-up studies could explore the development of more individualized treatment or 
rehabilitation plans for PD patients with SNH. Further studies, especially longitudinal cohort studies, are needed to 
confirm our findings.
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