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Abstract: Aims: To explore the efficacy and safety of lumbar sympathetic ganglion radiofrequency combined with
anhydrous ethanol in treating pain associated with osteonecrosis of the femoral head, providing clinical reference.
Methods: This retrospective study involved 101 patients with osteonecrosis of the femoral head. According to the
different treatment methods, the patients were classified into an observation group where lumbar sympathetic
ganglion radiofrequency combined with anhydrous ethanol therapy was applied (n=51) and a control group where
lumbar sympathetic ganglion radiofrequency alone was applied (n=50). The Visual Analogue Scale (VAS) was used
to assess the joint pain. Harris hip joint scores, incidence of complications, levels of inflammatory factors (hs-CRP
and IL-6), and overall therapeutic effects were also compared between the two groups. Results: The total effective
rate of the observation group was significantly higher than that of the control group (P<0.05). The VAS score of joint
pain was significantly lower in the observation group as compared with the control group (P<0.05). Harris scores
were higher in the observation group than in the control group (P<0.05). The observation group had significantly
lower levels of hs-CRP and IL-6 than the control group (P<0.001). In addition, there was no difference between the
two groups in the incidence of complications (P=0.11). Conclusion: Lumbar sympathetic ganglion radiofrequency
combined with anhydrous ethanol provides an effective method for treating avascular necrosis of the femoral head,
with good therapeutic effects on improving blood supply to the femoral head and relieving pain, and with good safety
profile.
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Introduction lying medical conditions, and lifestyle choices
[2, 3]. It is more common in individuals between
the ages of 30 and 50, with a higher prevalence
in males compared to females [4]. Other risk
factors for avascular necrosis include trauma to
the hip joint, corticosteroid use, excessive alco-

hol consumption, and certain medical condi-

Osteonecrosis of the femoral head (ONFH) is a
clinically challenging disease, defined by the
International Society for Bone Circulation and
the American Society of Orthopedic Surgeons
as the interruption or damage of blood supply
to the femoral head. This interruption leads to

the death of bone cells and bone marrow com-
ponents, followed by tissue repair that results
in structural changes of the femoral head, col-
lapse of the femoral head, thus causing joint
pain and functional impairment in patients,
with an incidence rate ranging from 0.005% to
0.1% of the general population [1]. The epide-
miology of avascular necrosis is influenced by a
variety of factors, including age, gender, under-

tions such as sickle cell disease and lupus.
Research has shown that in middle-aged
patients, the primary treatment for ONFH is hip
preservation therapy [5], with the main goals to
relieve pain, restore hip joint function, and avoid
or delay total hip replacement surgery [6].
Therefore, early intervention for ONFH and pre-
serving the patient’s hip joint, is currently the
key treatment focus and hot topic of concern.
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Currently, hip preservation methods include
medications, physical therapy, core decom-
pression, and hip replacement surgery [7-9].
Lumbar sympathetic nerve block with anhy-
drous ethanol injection and radiofrequency
thermocoagulation are commonly used thera-
peutic methods for the treatment of avascular
necrosis of the femoral head in pain clinic. Both
procedures are performed under local anesthe-
sia, with minimal damage, in line with the con-
cept of minimally invasive treatment, and are
safe and effective. However, the exact efficacy
of anhydrous ethanol injection and radiofre-
quency thermocoagulation in comparison to
hip arthroplasty is not clear. The limited range
of radiofrequency (5 mm), variations in the size,
shape, and position of the sympathetic nerve
chain, as well as suboptimal distribution of
anhydrous ethanol flow, can lead to incomplete
destruction or blockage of the sympathetic
nerve chain, resulting in suboptimal treatment
outcomes and potential recurrence [10-13].
Currently, there are no reports on the combined
use of lumbar sympathetic nerve radiofrequen-
cy thermocoagulation and anhydrous ethanol
injection in treating ONFH.

Considering the potential limitations of a single
treatment modality, this study aims to compare
the efficacy and safety of lumbar sympathetic
nerve radiofrequency thermocoagulation com-
bined with anhydrous ethanol injection versus
lumbar sympathetic nerve radiofrequency ther-
mocoagulation alone.

Materials and methods
Clinical data

In this retrospective study, a total of 101 cases
with early-stage ONFH that were treated in the
Affiliated Hospital of Hebei University of
Engineering, Handan from June 2020 to
February 2022 were selected as the research
subjects. According to the different treatment
methods, these patients were classified into an
observation group where lumbar sympathetic
ganglion radiofrequency combined with anhy-
drous ethanol therapy was applied (n=51), and
a control group where single lumbar sympathet-
ic ganglion radiofrequency therapy was applied
(n=50). This study was approved by the ethics
committee of Affiliated Hospital of Hebei
University of Engineering.
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Inclusion criteria: Patients diagnosed with
stage | or Il ONFH; Patients presenting with
early symptoms such as hip joint pain, limited
hip joint mobility, limping, and knee joint pain;
Patients agreeing to undergo examinations
involving magnetic resonance imaging (MRI)
and CT scans; Patients who received a defini-
tive diagnosis and staging through X-ray, CT,
and MRI examinations; Patients with complete
clinical data.

Exclusion criteria: Patients with local soft tis-
sue or systemic infection at the puncture site;
Patients with psychological disorders that
couldn’t cooperate to complete clinical obser-
vation, affecting the evaluation of therapeutic
effect; Patients with significant dysfunction of
heart, brain, liver, lung, kidney function, and
abnormal coagulation function.

Treatment

The control group received lumbar sympathetic
ganglion radiofrequency therapy. The patient
was positioned comfortably on the procedure
table, and vital signs were monitored. The skin
overlying the lumbar sympathetic ganglion area
was cleaned and sterilized. A local anesthetic
was injected into the skin and deeper tissues to
numb the area and reduce discomfort during
the procedure. Using fluoroscopy, a type of real-
time X-ray imaging, the interventional radiolo-
gist located the lumbar sympathetic ganglion in
the lower back region. A thin, insulated needle
electrode was inserted through the skin and
positioned near the lumbar sympathetic gan-
glion under fluoroscopic guidance. The inter-
ventional radiologist performed sensory and
motor testing to ensure the correct placement
of the electrode near the lumbar sympathetic
ganglion. Once the correct placement was con-
firmed, radiofrequency energy was delivered
through the electrode to create a lesion or heat
lesion around the lumbar sympathetic ganglion.
This disrupted the pain signals transmitted by
the sympathetic nerves. After confirming no
blood, fluid, or air during retraction, the imped-
ance of the surrounding tissue at the tip of the
test electrode was set to be 200-550 Q. Then,
under 0.3-0.5V, 50 Hz sensory stimulation and
1.3-1.5 V, 2 Hz motor stimulation, any abnor-
mal sensation or muscle contraction was
observed. Finally, continuous radiofrequency at
70°C for 180 s, 80°C for 180 s, and 90°C for
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180 s was applied. Then, the electrode was
removed, and a small bandage was applied to
the puncture site. The patient was monitored
for a short period before being discharged with
post-procedure instructions.

The observation group received an anhydrous
ethanol injection as part of their treatment in
addition to the steps outlined above for the
control group. Following the completion of
radiofrequency therapy, 3 ml of 75% anhydrous
ethanol was injected into the lumbar sympa-
thetic ganglion to further disrupt the nerve sig-
nals and provide pain relief. The patient was
monitored for a short period after the proce-
dures to observe if there were any immediate
complications. Pain relief may be experienced
immediately or may take a few days to become
effective.

Observed indicators

The primary indicators included pain assess-
ment and hip joint function. Pain was assessed
using Visual Analogue Scale (VAS) [14]. The
higher the VAS score, the more severe the pain.
Hip joint function was evaluated using the
Harris Score [15]. Higher Harris scores indicate
better recovery of hip joint function. The Harris
score categorizes hip function recovery of
ONFH patients into excellent (=90), good (80-
90, including 80), medium (70-80, including
70), and poor (<70).

The secondary indicators included general
clinical characteristics, such as gender, age,
disease course, painful area, history of smok-
ing, drinking, diabetes, hypertension, coronary
heart disease, chronic kidney disease, chronic
obstructive pulmonary disease, therapeutic
effects, inflammatory factors (hs-CRP and IL-6)
and incidence of complications. The criteria for
assessing therapeutic effects: O Markedly
effective efficacy: Percentage of pain relief
>75%; (2 Effective efficacy: Percentage of pain
relief between 50% and 75%; 3 Ineffective
efficacy: Percentage of pain relief <25%. Overall
effective rate = [(Markedly effective cases +
Effective cases)/total number of cases] *
100%. The inflammatory factors: Using EDTA-K2
anticoagulant vacuum blood collection tubes,
four groups of patients had 5 ml of blood drawn
from the cubital vein before anesthesia, 1 hour
after surgery, 6 hours after surgery, and 24
hours after surgery. The collected venous blood
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was divided, labeled, and stored in a 4°C refrig-
erator. The blood was promptly centrifuged at
4000 r/min for 10 minutes, and the serum was
stored in a -70°C freezer. After the specimen
collection was completed, ELISA method was
used to detect the concentrations of hs-CRP
and IL-6 in the serum. The detection methods
followed the operation steps of the hs-CRP (hs-
CRP; Wuhan Yipu Biotechnology Co., Ltd., Cat.
No. CK-E11093), and IL-6 (IL-6; Chuzhou shinu-
oda Biological Technology Co., Ltd., Cat. No.
SND-H1935) enzyme-linked immunosorbent
assay Kits.

Follow-up

All primary indicators and inflammatory factors
were assessed at the first week, third month,
sixth  month and twelfth month after
intervention.

Statistical analysis

In this study, data analysis was performed
using SPSS 22.0. GraphPad Prism 9.0 was
used for figure plotting. Count data were
expressed as numbers and percentage, and
comparison was performed using chi-square
test or Fisher’s exact test. The Shapiro-Wilk test
was used to analyze whether the quantitative
data followed a normal distribution. Data fol-
lowing a normal distribution were expressed as
Mean * standard deviation, and the compari-
sons between the two groups were conducted
using t-test; while those not following a normal
distribution were compared between the two
groups using Kruskal-Wallis test. For the com-
parison among multiple time points, repeated
measurement of variance with post-hoc LSD-t
test was conducted. All tests were two-tailed,
and P<0.05 was considered statistically
significant.

Results
Clinical characteristics

The mean age was 55.6+6.9 years in the obser-
vation group and 52.68+7.6 years in the control
group (P=0.012). The disease course was
5.143.2 days in the observation group and
5.3+£3.3 days in the control group (P=0.095).
Furthermore, no significant difference was
observed in baseline data such as gender,
painful area, FICAT staging (Ficat and Arlet clas-
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Table 1. Comparison of general information between the two groups of patients

Observation group (n=51) Control group (n=50) t P

Gender 0.562 0.757

Male 36 35

Female 15 15
Age 55.6+6.9 52.68+7.6 2.697 0.102
Disease course 5.1+3.2 5.3+3.3 2.984 0.095
Painful area 0.756 0.651

Hips 51 50

Groin 51 50

Knee 12 11
FICAT staging 3.316 0.069

Phase | 36 34

Phase Il 15 17
Smoking 36 35 1.983 0.983
Drinking 15 16 2.695 0.058
Diabetes 23 24 0.022 0.997
Hypertension 19 20 0.247 0.619
Coronary heart disease 13 16 0.342 0.066
Chronic kidney disease 9 6 2.206 0.137
Chronic obstructive pulmonary disease 7 7 0.381 0.537
Anemia 6 0.628 0.428

Note: FICAT: Ficat and Arlet classification.
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Comparison of VAS scores

-8~ Control group

Before intervention, the VAS
score of the observation group
was (8.2+0.7) points, while
that of the control group was
(8.0+0.8) points, the differ-
ence was not significant. After
one week, 3 months, 6
months, and 12 months of
intervention, the VAS scores
of both groups decreased
compared to before treat-
ment, and the cores at each
time point in the observation
group were all significantly
lower than those in the control
group (all P<0.05) (Figure 1).

Figure 1. Comparison of VAS scores between the two groups. ***P<0.001,

compared with the control group.

sification), smoking, drinking, diabetes, hyper-
tension, coronary heart disease, chronic kidney
disease, chronic obstructive pulmonary dis-
ease and anemia between the two groups (all
P>0.05) (Table 1).
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Comparison of Harris hip joint
scores

The mean Harris hip joint scores before inter-
vention was 56.68+7.6 in the observation
group and 55.6+6.9 in the control group
(P=0.757). However, the mean Harris hip joint
scores post-operatively at one week, 3 months,
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Table 2. Comparison of Harris hip joint scores between the two groups

Control group (n=50) Observation group (n=51) T P
Before intervention 55.6+6.9 56.6817.6 0.562 0.757
One week after intervention 60.6+4.9 78.68+5.6 6.697 0.045
Three months after intervention 65.1+3.2 84.3+3.3 8.984 0.015
Six months after intervention 68.3+4.2 89.3+5.3 9.756 0.006
Twelve months after intervention 72.47+2.3 93.3+3.1 10.628 0.003

20 mm Observation group
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Figure 2. Comparison of therapeutic effects between the two groups.
**P<0.01 and ***P<0.001, compared with the control group.

6 months, and 12 months in the observation
group were 78.68+5.6, 84.3+3.3, 89.345.3,
and 93.3+3.1, respectively, and those in the
control group were 60.6+4.9, 65.1+3.2,
68.3+4.2, and 72.47+2.3, respectively. The
Harris hip joint scores increased significantly as
compared to that before the intervention in
both groups; and the observation group exhib-
ited significantly higher scores than the control
group at each time point (P=0.045, P=0.015,
P=0.006, and P=0.003) (Table 2).

Comparison of therapeutic effects

After one week, 3, 6 and 12 months of inter-
vention, the treatment efficacy in the two
groups of patients was evaluated. The results
revealed the effective rate in the observation
group was significantly higher than that in the
control group at each time point (97.5% VS.
88%, 96.1% VS. 87%, 94% VS. 80%, and 90%
VS. 78%, all P<0.05) (Figure 2).

Comparison of incidence of complications

A comparison of incidence of complications
between the observation and control groups is
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mm Control group

* ke

Twelve months
after intervention after intervention after intervention after intervention

summarized in Table 3. The
results showed that when
compared to the control
group, the observation group
had a lower incidence of com-
plications (4% VS. 11.8%);
however, the difference was
not significant (P=0.11).

& Comparison of inflammatory
factors

Using ELISA, the serum levels
of hsCRP and IL-6 were mea-
sured in the patients of the
two groups before and after
treatments. The two groups
were comparable in the levels
of hsCRP and IL-6 before inter-
vention. However, after inter-
vention, the observation group exhibited signifi-
cantly lower levels of hsCRP and IL-6 than the
control group at each time point (all P<0.001)
(Figure 3).

Discussion

Lumbar sympathetic ganglion radiofrequency
combined with anhydrous ethanol can effec-
tively alleviate pain in patients with osteonecro-
sis of the femoral head (ONFH). Avascular
necrosis of the femoral head is a challenging
condition to manage, as it can cause severe
pain and disability in affected individuals.
Traditional treatments such as medication,
physical therapy, and surgery may not always
provide adequate pain relief or address the
underlying cause of the condition [16, 17]. In
this context, the lumbar sympathetic ganglion
radiofrequency combined with anhydrous etha-
nol offers a promising alternative for pain man-
agement. This approach targets the lumbar
sympathetic ganglion, a cluster of nerves locat-
ed near the spine that plays a role in transmit-
ting pain signals [18]. The procedure involves
inserting electrodes around the lumbar sympa-
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Table 3. Comparison of incidence of complications between the two groups

Observation group (n=51) Control group (n=50) X? P
Lower limb discomfort or fatigue 2 6 0.5 0.11
Infection 0/0.00 0/0.00 - -
Bone marrow ischemic damage 0/0.00 0/0.00 - -
Genital femoral neuritis 0/0.00 0/0.00 - -
Total incidence rate 2 6 0.5 0.11
A B Control group I Observation group B 307 mm Control group 3 Observation group
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Figure 3. Comparison of inflammatory factors between the two groups. A. hs-CRP; B. IL-6. Note: hs-CRP: High-sensi-
tivity C-reactive protein, IL-6: Interleukin-6. ***P<0.001, compared with the control group.

thetic ganglion and using the heat generated by Lumbar sympathetic ganglion radiofrequency
high-frequency current to destroy the conduc- can disrupt the transmission of pain signals
tion function of the ganglion; in the meanwhile, from the hip joint to the brain, thereby reducing
anhydrous ethanol, a substance with neurotox- pain and discomfort in the affected area [25].
icity that can damage the structure and func-
tion of nerve cells, is injected to reduce the per- Lumbar sympathetic ganglion radiofrequency
ception of pain. This method is used for treat- combined with anhydrous ethanol can signifi-
ing chronic pain such as lumbar disc herniation, cantly improve the knee joint function of
lumbar degenerative changes, lumbar nerve patients with femoral head necrosis. The rea-
root pain, and lumbar spinal stenosis [19-21]. son for this improvement lies in the fact that
However, there is currently no research on the lumbar sympathetic ganglion radiofrequency
application of lumbar sympathetic ganglion can effectively block the sympathetic nerve
radiofrequency combined with anhydrous etha- fibers that innervate the knee joint, thereby
nol in patients with ONFH. reducing pain and inflammation in the joint
[26]. Anhydrous ethanol, when injected into
Lumbar sympathetic ganglion radiofrequency the lumbar sympathetic ganglion, can further
combined with anhydrous ethanol can signifi- enhance the nerve blockage effect and provide
cantly improve the Harris hip score in patients longer-lasting pain relief [27]. The mechanism
with ONFH. The reason for this improvement behind this treatment involves interrupting the
lies in the fact that lumbar sympathetic gangli- transmission of pain signals from the knee joint
on radiofrequency can effectively relieve pain to the brain by blocking the sympathetic nerve
and inflammation in the hip joint [22-24]. fibers. This helps reduce pain perception and
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inflammation in the joint, allowing for improved
mobility and function [28]. Additionally, the use
of anhydrous ethanol can cause degeneration
of the nerve fibers, leading to a more prolonged
pain relief effect.

Additionally, in our study, we found that the
lumbar sympathetic ganglion radiofrequency
combined with anhydrous ethanol signifi-
cantly decreased the inflammatory reaction in
patients with femoral head necrosis. Studies
have shown that radiofrequency combined with
anhydrous ethanol can reduce the inflammato-
ry reaction in the sympathetic nerve denerva-
tion area, decrease the adrenergic release in
the dorsal root ganglion, inhibit sympathetic
activity by stimulating a2-adrenergic receptors
and/or upregulating a2-adrenoceptors, inhibit
spinal microglia activation and reduce the
expression of inflammatory cytokines (IL-1(,
IL-6, and TNF-a) [29]. Radiofrequency of the
lumbar sympathetic ganglion can disrupt the
abnormal sympathetic nerve activity, which
helps to improve local blood circulation and
microcirculation [30]. This, in turn, can alleviate
the ischemia and hypoxia state in the femoral
head region. At the same time, anhydrous etha-
nol has a certain cytotoxic effect. When used in
combination with radiofrequency, it can further
act on the lesion site, helping to reduce the
activity of inflammatory cells and the release of
inflammatory mediators [31]. By inhibiting the
infammatory response, it can slow down the
progression of inflammation and reduce the
damage caused by inflammation to the femoral
head tissue. However, the mechanisms of
inflammatory cytokine blockade for pain relief
are complex and need to be further studied.

Interestingly, the combined use of radiofre-
quency of the lumbar sympathetic ganglion
and anhydrous ethanol improves the clinical
treatment efficiency in patients with ONFH.
Radiofrequency of the lumbar sympathetic gan-
glion can disrupt the abnormal sympathetic
nerve activity. By regulating the sympathetic
nerve function, it helps to improve local blood
circulation in the femoral head region [32]. This
can enhance the delivery of nutrients and oxy-
gen to the necrotic area, promoting tissue
repair and regeneration. Furthermore, the
combined approach may have a synergistic
effect. The radiofrequency treatment lays the
foundation for improving blood supply [33], and
the administration of anhydrous ethanol can
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strengthen the therapeutic effect on pain, joint-
ly enhancing the overall clinical treatment out-
come. It can slow down the progression of the
disease, relieve pain, and improve the patient’s
quality of life and prognosis.

Our study does have a few limitations. First, as
a retrospective study, it may have inherent
biases due to the nature of data collection,
such as incomplete or inaccurate records.
Additionally, there may be limitations in gener-
alizability, as the sample size and specific
patient characteristics of the retrospective
analysis may not fully represent the entire pop-
ulation of femoral head necrosis patients.
Furthermore, the lack of a prospective con-
trolled trial means that the results may not be
as conclusive and reliable as those from a well-
designed perspective study. Therefore, multi
center large sample study is needed for further
verification.

In conclusion, the treatment of avascular necro-
sis of the femoral head with lumbar sympathet-
ic ganglion radiofrequency combined with anhy-
drous ethanol provides an effective method for
improving blood supply to the femoral head,
relieving pain, and demonstrating good thera-
peutic effects. It also has good safety, as it
does not affect the conduction function of
lower limb sensation and motor nerves, making
it easily accepted by patients.
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