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ABSTRACT

Background: Lumbosacral radiculopathy arises from compression or
irritation of spinal nerve roots from L1 to S5. Diagnosis typically combines
clinical evaluation, imaging, and electrodiagnosis. F-waves and H-reflexes-
late responses in nerve conduction studies-offer functional insight into
nerve-root integrity. Objectives: To assess the relationship between F-
wave and H-reflex parameters and the severity of nerve-root compression
on lumbosacral MRI. Subjects and Methods: In this cross-sectional study,
41 patients with MRI-confirmed lumbosacral nerve-root compression
underwent nerve-conduction studies, F-wave, and H-reflex testing at the
EMG Laboratory, Department of Functional Exploration, Hue University
Hospital from April to December 2023. Results: Patients aged 40-59 years
comprised 65.9% of the cohort. Degenerative disc disease accounted for
88.5% of compressive lesions. The L5 root was most frequently involved
(40.4%), predominantly at grade 3 compression. The Fmax and Fmean
wave indices exhibited significant differences according to the degree of
nerve root compression observed on magnetic resonance imaging (p <
0.05). The latency and amplitude of the H-wave were prolonged and
reduced, respectively, in relation to the severity of compression on lumbar—
sacral MRI (p < 0.05). Conclusions: Late response indices may serve as
supportive electrophysiological indicators in the assessment of lumbosacral
nerve-root compression, although their diagnostic reliability remains limited.
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1. Introduction

Lumbosacral radiculopathy is a common clinical
condition, characterized by a pain syndrome resulting
from the compression or irritation of nerve roots from
L1 to S5, with pain radiating along the course of the
nerve. The most frequent etiology is lumbosacral
spondylosis causing foraminal or spinal canal
stenosis. Additionally, other causes such as ligament
hypertrophy, malignancy, or infection have been
documented. Epidemiologically, the prevalence is
estimated at 3% to 5%, affecting both men and
women [1]. Age is a significant risk factor, as the
disease typically occurs secondary to lumbosacral
spinal degeneration. Diagnosis of lumbosacral
radiculopathy typically relies on clinical evaluation,
imaging, and electrodiagnostic testing. Among these,
nerve conduction studies are an electrodiagnostic
method that helps identify which nerve root is
compressed and the extent of the lesion, thereby
guiding clinicians toward accurate etiologic diagnosis
and effective treatment. Furthermore, evaluating late
responses, including F-waves and H-reflexes, is a
technique that assesses nerve root function and
evaluates the severity of damage at various levels in

lumbosacral radiculopathy [2]. Specifically, the
commonly evaluated late response parameters
include latency and wave amplitude. Globally,

numerous studies have explored the individual roles
of F-wave or H-reflex techniques in lumbosacral
radiculopathy in general, or sciatica in particular.
However, in Vietnam, research on late responses in
this pathology remains limited, necessitating further
investigations to refine the early diagnosis of
lumbosacral radiculopathy. Therefore, we conducted
the study: "Evaluation of late response indices in
patients with lumbosacral radiculopathy."

2. Materials and Methods

2.1. Materials

The study included 41 patients diagnosed with
lumbosacral radiculopathy who underwent nerve
conduction studies at the EMG Laboratory,
Department of Functional Exploration, Hue University
Hospital from April 2023 to December 2023.

Inclusion criteria

- Clinical criteria: Patients presenting with one of
the following syndromes: lumbosacral syndrome,
nerve root compression syndrome, or cauda equina
syndrome.

- Subclinical criteria:
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+ Electrodiagnostic testing including: Motor
conduction of the deep peroneal and tibial nerves;
sensory conduction of the superficial peroneal and
sural nerves; F-waves, and H-reflexes.

+ MRI showing lumbosacral root compression.
- Consent to participate and cooperate during the study.
Exclusion criteria

- Patients with a history of lumbosacral spine
surgery.

- Patients with a history or presence of
neurological diseases affecting nerve conduction
(e.g., diabetes, polyneuropathy, alcoholism, acute or
chronic poisoning, skin or vascular lesions of the
limbs).

- Current or past neuromuscular diseases (e.g.,
myositis, muscular dystrophy).

- Prolonged or current use of neurosuppressive
drugs (e.g., anesthetics) or drugs with a risk of
causing neuropathy (e.g., Isoniazid, Metronidazole).

- Patients with psychiatric illnesses preventing
cooperation.

2.2. Methods

Study design: Cross-sectional study with a
convenience sample of 41 eligible patients.

Study variables

- Demographic characteristics: Age, gender,
occupation, diagnosis.

- Clinical variables: Pain characteristics, motor
dysfunction, sensory  dysfunction,  sphincter
disorders, reflex changes, nerve stimulation tests.

- Subclinical variables:

+ MRI findings: were obtained using a 1.5 Tesla
Siemens Magnetom Amira scanner. Location, cause
of nerve root compression, degree of compression,
compressed root per Pfirrmann criteria [3].

+ Motor conduction parameters: performed using
the Neurowerk_EMG2 system (Germany). DML,
mAmp, MCV. Sensory conduction parameters: DSL,
sAmp, SCV. These were compared with normal
reference values by David C. Preston [2].

+ Tibial nerve F-wave parameters:

Fmin, Fmax, Fmean: From all elicited F-waves,
three parameters are determined: the shortest
latency (F-wave minimal latency, Fmin), the longest
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latency (F-wave maximal latency, Fmax), and the
mean latency (F-wave mean latency, Fmean). In a
given patient, prolonged F-wave latency indicates
slowed conduction along the entire length of the
nerve, although it does not specify the exact site of
the lesion.

Fd: F-wave dispersion is calculated as the
difference between the longest and shortest
latencies. It reflects the range of conduction
properties among the motor fibers activated.

Fp: is expressed as the number of F-waves
elicited in response to each train of supramaximal
stimuli. Typically, a minimum of 10 stimuli is sufficient
for most latency and persistence assessments.

+ Tibial nerve H-reflex parameters:

Hmean latency: Latency is defined as the time
interval from the moment of stimulation to the
appearance of the H-wave.

ISSN: 1859 — 2376

Hmax amplitude: is measured from the first
negative peak to the first positive peak. From all
elicited H-waves, the maximal amplitude (H-wave
maximal amplitude, Hmax) is determined.

2.3. Statistic

Data were analyzed using standard medical
statistical methods with the support of SPSS 26.0
software.

2.4. Research Ethics

The authors declare that there were no financial or
personal conflicts of interest that could have
influenced the conduct, analysis, or reporting of this
study.

3. Results

3.1. General Characteristics

Table 1. Distribution of epidemiological characteristics of the study cohort (n=41)

Characteristics Bilateral Unilateral Total Ratio (%)

Age Group

20-39 years 5 1 6 14.6%

40-59 years 12 15 27 65.9%

> 60 years 4 4 8 19.5%
Mean Age * SD 50.54 + 10.5
Gender

Male 7 4 11 26.83%

Female 14 16 30 73.17%
Occupation

Manual labor 29 - - 70.7%

Intellectual labor 12 - - 29.3%

The cohort comprised 41 patients (11 males, 30 females). The majority of patients were in the 40-59 age
group (65.9%); the mean age was 50.54 + 10.5. The manual labor group accounted for 70.7% of the

participants.
3.2. MRI characteristics and lower limb nerve

conduction

* MRI characteristics

Table 2. Lumbosacral spine lesions on MRI

Severity / Lesion Number of Ratio
patients (%)
Foraminal Stenosis
Grade 0 4 15.39%
Grade 1 12 46.15%
Grade 2 10 38.46%
Disc
Degeneration
Yes 23 88.46%
No 3 11.54%
Vertebral Body Degeneration
Yes 17 65.39%
No 9 34.61%
https://tapchisinhlyhoc.com.vn/ 3]

Degenerative disc disease was the most common
cause of lumbosacral nerve root compression in the
study cohort.
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Chart 1. Distribution of compressed nerve roots
by degree of compression on MRI
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Among the compressed roots, the L5 root had the
highest prevalence (40.38%), predominantly
featuring grade 3 compression. L4 root compression

accounted for 28.85% (most frequently grade 2,
nearly 50%); and S1 root compression was observed
in 17.31% of cases.

* Lower limb nerve conduction characteristics

Table 3. Motor and sensory conduction parameters of lower limb nerves
Superficial

Parameter (Mean * SD) Tibial N. Deep Peroneal N. Sural N.
Peroneal N.
Latency (ms)
Unaffected Side (n=20) 5.98 £ 0.73 5.87 £ 0.82 1.99 + 0.66 2.61+0.60
Affected Side (n=62) 6.90 £ 0.88 7.00 £ 1.31 2.22+0.76 2.93+0.74
p-value p = 0.0001 p = 0.0001 p =0.146 p =0.084
Conduction Velocity (m/s)
Unaffected Side (n=20) 53.73 + 5.56 51.98 + 1.39 64.29 + 14.57 57.04 £9.78
Affected Side (n=62) 51.36 £+ 6.93 49.03 + 8.86 62.93 £ 13.51 57.82 £ 10.61
p-value p=0.11 p = 0.008 p=0.783 p = 0.681
Amplitude (mV / uV)
Unaffected Side 15.19 £ 5.11 447 £1.75 12.60 £ 7.93 10.50 £ 5.94
Affected Side 14.08 £ 6.38 414 +2.20 19.60 + 34.64 9.70 £ 3.96
p-value p =0.248 p =0.305 p = 0.897 p=0.771

The latencies of the tibial and deep peroneal nerves showed a statistically significant difference compared
to the healthy side (p < 0.05). The amplitudes and motor conduction velocities of the tibial and deep peroneal
nerves, along with the sensory conduction of the superficial peroneal and sural nerves, were within normal
limits (when compared to standard values [3]), showing no statistically significant differences (p > 0.05).

3.3. Characteristics of late responses in lumbosacral radiculopathy

* F-wave and H-reflex parameters

Table 4. F-wave and H-reflex indices of the tibial nerve
Unaffected Side (n=20)

Affected Side (n=62)

Parameter (Mean # SD) (Mean # SD) p-value

F-wave
Fmin 44.53 + 2.61 4411 + 8.66 p > 0.05
Fmax 45.95 + 3.26 46.85 + 9.21 p > 0.05
Fmean 44.54 + 2.87 45.28 + 8.91 p > 0.05
F dispersion (Fd) 2.44 +1.30 272 +1.17 p > 0.05
F persistence (Fp) 100 97.32 + 15.56 p > 0.05

H-reflex
Latency 30.36 £4.10 3210+ 7.32 p>0.05
Amplitude 243 +2.20 2.72+2.16 p > 0.05

The differences in these indices between the healthy and affected sides were not statistically significant.

* Relationship between tibial F-wave indices and MRI root compression

Table 5. Relationship between tibial F-wave and degree of root compression on MRI

Parameter Grade 0 Grade 1 Grade 2 Grade 3 p-value
Fmin 43.12 +3.58 44.06 + 2.53 45.12 +1.69 42,90 +13.22 0.127
Fmax 46.35 £ 4.27 46.33 £ 2.88 47.87 £ 1.41 46.05 £ 14.14 0.044
Fmean 44.40 + 3.95 44.66 + 2.46 46.45 +1.39 44,22 +13.64 0.048
Fd 3.28 + 0.96 2.35+0.98 2.65+0.95 3.13+1.35 0.139
Fp 100 100 100 91.60 + 19.80 0.373

The maximal latency (Fmax) and mean latency (Fmean) indices varied significantly with the severity of the
condition (p < 0.05).
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* Relationship between Tibial H-reflex Indices and MRI Root Compression

Table 3.6. Relationship between tibial H-reflex and degree of root compression on MRI

Mean * SD Grade 0 Grade 1 Grade 2 Grade 3 p-value
Latency 28.00 £ 2.65 34.51£4.80 28.48 £9.78 34.45 +8.39 <0.05
Amplitude 3.36 £2.10 4.71£2.38 4.33+£1.92 1.66 £ 1.16 <0.05

H-wave latency and amplitude demonstrated statistically significant differences across the varying degrees of

root compression on MRI.
4. Discussion

4.1. General Characteristics

Age: Our study aligns with findings from other
authors. According to Phan Viet Nga, the mean age
of onset is 46.55 + 9.64, with the highest prevalence
in the 40-59 age group (63.4%) [4].

Gender: In our study, the female-to-male ratio was
2.73, which differs from some other studies. For
instance, Tran Cong Chinh reported an equal gender
distribution. Thus, gender may not be a specific
distinctive feature of lumbosacral radiculopathy [5].

Occupation: 70.3% of the participants were
manual laborers. Their occupations often subject the
spine to physical stress beyond physiological limits,
including continuous heavy lifting, which predisposes
them to disc herniation. This is consistent with
Nguyen Tuan Luong's research on lumbosacral
radiculopathy caused by disc herniation [6].

4.2. MRI characteristics and lower limb nerve
conduction

* MRI characteristics

Our findings indicate that degenerative disc
disease was the leading cause of nerve root
compression (88.46%), aligning with epidemiological
studies on lumbosacral radiculopathy. This was
followed by foraminal stenosis (84.61%), which may
result from disc bulging, anterior osteophytes, or
posterior hypertrophy of the facet joints and
ligamentum flavum [7], [8]. Regarding vertebral body
degeneration, the most common MRI presentation
was osteophyte formation, matching studies that
reported an incidence of 48.5% in lumbar spondylosis
(61, [9].

The L5 root experienced the highest rate of
compression at 40.38% (mostly grade 3), followed by
L4 at 28.85% (mostly grade 2). Compression rates
were lower for L3 (13.46%) and S1 (17.31%). This is
consistent with previous research demonstrating that
L4 and L5 are the most frequently compressed
lumbosacral roots [6], largely because the L4-L5 and
L5-S1 segments bear the most biomechanical stress

https://tapchisinhlyhoc.com.vn/ [5]

leading to herniation [3], along with anatomical
variations contributing to nerve compression.

* Lower limb nerve conduction characteristics

Our study's results on lower limb peripheral nerve
conduction closely parallel those reported by Phan
Viet Nga, Tran Cong Chinh, and Nguyen Dinh Khanh
[4], [5], [7]- The conduction indices on the affected
side showed no statistically significant differences
compared to the healthy side. This suggests that
during routine peripheral nerve conduction studies of
the lower limbs, the recorded parameters may remain
within normal limits. Such normal findings might not
correlate with the patient's clinical presentation or the
structural abnormalities causing compression in the
lumbosacral spine. Therefore, relying solely on
standard lower limb nerve conduction studies may
result in missed diagnoses of compressive
radiculopathy [10].

4.3. Characteristics of late responses

* F-wave and H-reflex characteristics

The prolongation of the minimal, maximal, and
mean F-wave latencies on the affected side in our
study is consistent with the findings of Sachin and
Xiao [11], [12]. Furthermore, we observed that the
minimal, maximal, and mean F-wave latencies were
shorter on the healthy side than on the affected side.

Regarding the H-reflex, the latency on the affected
side was significantly prolonged compared to the
healthy side: 30.36 + 4.10 ms (healthy) vs. 32.10
7.32 ms (affected) (p < 0.05). H-reflex evaluation is a
highly useful method for detecting S1 radiculopathy
[11]. Moreover, it provides valuable insights into the
most proximal segments of the plexus and nerve
roots, which are difficult to assess directly with
standard nerve conduction studies [12], [13].
However, the H-reflex amplitude did not show a
statistically significant difference between the healthy
and affected sides, a finding corroborated by Sandip's
study [13].
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* Relationship between tibial F-wave indices
and MRI root compression

Although our results indicated that a more severe
degree of compression resulted in a prolonged F-
wave latency and decreased F-wave persistence in
patients with grade 3 compression [12], there was no
overall statistically significant difference across the
various compression grades regarding persistence,
and most patients exhibited normal F-wave
responses. This could be attributed to the small
sample size or an insufficient degree of compression
to induce substantial F-wave alterations. Thus,
among the five F-wave parameters, only Fmax and
Fmean exhibited significant changes corresponding
to the severity of nerve root compression.

* Relationship between tibial H-reflex indices
and MRI root compression

Our findings demonstrated that both H-wave
latency prolongation and amplitude reduction were
significantly correlated with the increasing severity of
root compression (p < 0.05). Since our study was
conducted on a relatively small cohort of 41 patients,
it may not perfectly represent the broader population
of patients with MRI-confirmed radiculopathy. While
Xiao found a direct linear correlation, our results
merely established an association with the degree of
severity, similar to Sandip's findings [12], [13]. In this
study, routine NCS showed no significant difference
whereas all the H-reflex parameters including H-
amplitude , H-latency and H/M ratio were significantly
different (p< 0.0001) , when compared with controls.
They concluded that patients had not only partial
conduction block but also secondary axonal loss due
to nerve root compression. They further suggested
that soleus H-reflex study should be included in
evaluation of radiculopathy. Based on these
outcomes, we recommend that when evaluating
patients for suspected lumbosacral radiculopathy,
clinicians should perform F-wave and H-reflex testing
alongside standard lower limb nerve conduction
velocity studies to accurately detect nerve root
compression. However, the study population was
small and further studies with large sample size and
multicentric design are required for confirmation.

5. Conclusion

- The F-wave indices of the tibial nerve in patients
with lumbosacral radiculopathy did not show a
statistically significant difference compared to the
healthy group (p > 0.05).
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- The Fmax and Fmean indices exhibited a
statistically significant difference across the various
degrees of nerve root compression on MRI (p <0.05).

- The latency and amplitude of the H-wave
demonstrated statistically significant differences
across the degrees of nerve root compression on MRI
(p <0.05).
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NGHIEN CU'U CHi SO CUA CAC PAP 'NG MUON O

BENH NHAN CO BENH LY RE COT SONG THAT LUNG-CUNG

Nguyén Thi Hiéu Dung”, Phan Thj Tuyét Nhung’, Trwong Hiru Hung?, Nguyén Thanh Minh3,
Nguyén Dinh Toan*

"B6 mén Sinh ly, Trwdng Dai hoc Y-Dwoc, Dai hoc Hué

2Pon vi Tham do chire nang, Bénh vién Trwong Dai hoc Y-Dwoc Hué
3B06 mén Ngoai, Trwong Dai hoc Y-Dwoc, Dai hoc Hué

4B6 moén Noi, Trwong DPai hoc Y-Dworc, Dai hoc Hué

TOM TAT

Toéng quan: Bénh ly ré than kinh that lwng-cung 1a hoi chirng dau do chén ép hoéc kich thich ré than
kinh t L1 dén S5. Chan doan bénh ly ré cot séng that lwng-cung thwéng dwa trén 1am sang, hinh anh hoc
va chan doan dién sinh ly. Cac dap trng mudn nhw séng F, phan xa H 1a k§ thuat gitp danh gia chirc nang
ré clia cac day than kinh, cé y nghia trong bénh ré that lwng-cung. Vi vay, muc tiéu dé tai la danh gia moi
lién quan cla céac chi sb dap (rng mudn véi hinh anh cot sbng that lwng-cung trén céng hwéng tir. D6i
twong va phwong phap: Nghién clru mé ta, cat ngang 41 bénh nhan dwoc chan doan bénh ly ré cét séng
that lwng — cung, c6 hinh anh chén ép ré cot sdng that lwng cling trén cong hwdng tr, dwoc khdo sat dién
co dan truyén, séng F, phdn xa H tai phong Dién co d6, Bon vi Tham do chirc nang, Bénh vién Truwdng Dai
hoc Y Dwoc Hué tir thang 04/2023 dén 12/2023. Két qua: Bénh nhan & trong nhém tudi 40-59 tudi, véi ti
l&é 65,9%. Nguyén nhan hang dau gay chén ép ré trong nhém nghién cru nay la Thoai héa dia dém v&i
88,46%; ré L5 chiém ty 1& cao nhat 40,38% v&i mirc d6 chén ép ty 1& cao nhat la d6 3. Cac chi s6 song
Fmax va Fmean c6 su khac biét theo mirc d6 chén ép ré than kinh trén cong hwéng tr (p < 0,05). Thoi gian
tiém va bién d6 séng H kéo dai va giam theo mlrc d9 chen ép trén hinh anh cong hwéng tir cot séng that
lwng-cung (p < 0,05). Két luan: Cac chi sb dap (rng muén la céc chi sb co gia tri trong chan doan bénh ly
chén ép ré cot sbng that lwng-cung.

T khéa: Bénh ly ré cot sbng that lwng-cung, séng F, phan xa H.
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