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Abstract: Pain in lumbar spinal stenosis (LSS) patients is closely associated with psychological factors,
including anxiety, stress, and depression, and is a critical determinant of patient daily functionality and
overall quality of life. The present study evaluated the effects of inhalation of Pelargonium graveolens
(geranium) essential oil (GEO) on pain and related psychological factors in LSS patients. Fifty-nine
patients, categorized as having mild or moderate to severe pain based on pain visual analog scale
(VAS) scores, were randomly assigned to inhalation of 1% GEO or placebo control (PC). No significant
differences between GEO and PC were observed in patients with mild pain, whereas differences in
anxiety-VAS and stress-VAS scores were observed in patients with moderate to severe pain. Anxiety-VAS
and stress-VAS scores decreased significantly after GEO but not after PC inhalation. Regardless of the
severity of pain, post-intervention pain-VAS scores were significantly lower in the GEO group than in
the PC group. In summary, GEO reduced pain and improved anxiety and stress, particularly among
patients with moderate to severe pain. These findings suggest that GEO inhalation may have potential
as an adjunct therapy for improving pain management and alleviating anxiety and stress in LSS patients
with insufficient responses to pharmacological pain control.

Keywords: anxiety; geranium essential oil; lumbar spinal stenosis; pain; stress

1. Introduction

Lumbar spinal stenosis (LSS) is a condition marked by persistent pain in the lower
back and legs due to compression of the central canal or nerve roots, a compression
resulting from degenerative processes such as reduced intervertebral disc height, bony
outgrowths, and hypertrophy of the ligamentum flavum [1]. Analysis of data from the
Healthcare Bigdata Hub and the Korean Statistical Information Service between 2012 and
2016 indicated that the incidence of LSS was highest in patients aged 60 years and older
and that LSS treatment incurred high medical expenses, such that LSS was the costliest
spinal disorder during this study period [2]. The typical symptoms experienced by LSS
patients, such as lower back pain and neurogenic claudication while walking, restrict their
daily activities, notably affecting their walking capacity and reducing their quality of life [3].
Despite radiological assessments showing evidence of neural constriction in the lumbar
spinal canal and neural foramina, treatment is generally not recommended in the absence of
accompanying pain and impaired physical function [4]. Rather, current medical guidelines
recommend conservative treatment, including medication for pain control, physical therapy,
and rehabilitation, as the initial treatment for symptomatic LSS patients. Surgery may be
considered when pain and impaired physical function do not respond to conservative
methods or for patients with exacerbated acute neurological symptoms [5]. That is, the
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management of patients with LSS is tailored to the degree of pain experienced, with the
primary goal being the prevention of physical functional impairments and the preservation
of daily life functions through effective pain control [4,5].

The International Association for the Study of Pain has defined pain as "an unpleasant
sensory and emotional experience associated with actual or potential tissue damage or
described in terms of such damage” [6]. Thus, interventions for pain in LSS patients should
consider not only the sensory components transmitted to the brain through neural pathways
but also psychological factors related to pain, such as anxiety, depression, low self-efficacy,
and fear of movement [7]. Medications for pain control include acetaminophen, nons-
teroidal anti-inflammatory drugs (NSAIDs), opioids, and muscle relaxants, with anxiolytics
and/or antidepressants considered for patients with severe psychological symptoms [5].
Drugs that affect the central nervous system, however, are often associated with adverse
effects, including physical and psychological dependence. The high prevalence of LSS
among elderly subjects increases concerns regarding the side effects of these drugs [8].
Hence, there is growing interest in alternative therapies for the management of pain in
patients with LSS [9,10].

Aromatherapy is widely employed for pain management due to its potential for
physiological and psychological improvements in the context of pain [11,12]. Recently, the
inhalation of a mixture of ginger, lemongrass, and peppermint oils has been reported to have
long- and short-term analgesic effects in elderly persons with osteoarthritis [13], and oral
administration of ylang-ylang essential oil was found to alleviate pain and anxiety in animal
models of neuropathic pain [14]. Additionally, the inhalation of bergamot essential oil has
been reported to reduce chronic pain as well as lower heart rate and respiratory rate in post-
laminectomy patients [15]. Pelargonium graveolens (geranium) essential oil (GEO), a natural
substance widely included in products such as cosmetics and soaps, has been reported to
exert effects on physiological and psychological factors related to pain [16]. Pelargonium
species are currently the most common source of essential oils cultivated commercially,
and studies on their regulatory and intervention roles in pathological processes contribute
to increased clinical utility [17]. For example, GEO inhalation alleviated acute pain and
reduced blood pressure and heart rate in patients undergoing colectomy [18], and decreased
anxiety and emotional depression in patients with acute myocardial infarction [19]. GEO
inhalation has also been shown to reduce fatigue among ICU nurses [20] and to mitigate
edema and pain induced by albumin in mice [21]. These effects of GEO were associated
with its impact on the hypothalamic-pituitary-adrenal axis, including its antioxidative
properties and reductions in glucocorticoids [19,22]. To date, however, no studies have
evaluated the effects of GEO on pain and related psychological factors in LSS patients
with chronic pain. Because pain severity has a direct impact on quality of life in LSS
patients [1,23], the present study was designed to differentiate and validate the effects of
GEO inhalation based on the severity of pain.

2. Results
2.1. Chemical Profile of Geranium Essential Oil

Gas chromatography/mass spectrometry (GC-MS) analysis of the composition of
GEO identified a total of 24 components, accounting for 99.9% of its overall composition.
Citronellol (26.43%) was the most abundant compound, followed by geraniol (12.52%),
citronellyl formate (8.78%), γ-eudesmol (8.45%), isomenthone (7.54%), linalool (5.59%), ger-
anyl formate (3.76%), l-menthone (2.96%), geranyl tiglate (2.63%), (−)-β-cadinene (2.45%),
and geranyl butyrate (2.23%). Caryophyllene, cis-rose oxide, citral, (−)-β-bourbonene, and
citronellyl butyrate each accounted for 1–2% of the composition of GEO, and β-eudesmol,
α-agarofuran, geranyl acetate, and α-pinene for less than 1% each (Table 1).
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Table 1. Chemical profile of geranium essential oil, as determined by GC/MS analysis.

No RT (min) Compound Peak Area % Area No RT (min) Compound Peak Area % Area

1 34.576 Citronellol 994,299,533 26.43 13 17.831 cis-Rose oxide 66,694,494 1.77
2 37.328 Geraniol 470,930,376 12.52 14 32.995 Citral 66,694,494 1.77
3 29.079 Citronellyl formate 330,124,024 8.78 15 24.492 (−)-β-Bourbonene 66,141,115 1.76
4 45.323 γ-Eudesmol 317,871,828 8.45 16 35.677 Citronellyl butyrate 55,400,776 1.47
5 23.441 Isomenthone 283,628,500 7.54 17 31.873 Germacrene D 53,899,475 1.43
6 26.264 Linalool 210,448,432 5.59 18 48.110 2-Phenylethyl tiglate 53,393,219 1.42
7 32.212 Geranyl formate 141,407,662 3.76 19 36.326 Geranyl propionate 42,799,625 1.14
8 22.284 l-Menthone 111,436,296 2.96 20 49.084 β-Eudesmol 37,278,965 0.99
9 45.951 Geranyl tiglate 98,880,842 2.63 21 38.175 α-Agarofuran 31,336,257 0.83

10 33.765 (−)-β-Cadinene 92,330,860 2.45 22 36.488 Calamenene 30,803,550 0.82
11 38.909 Geranyl butyrate 83,822,233 2.23 23 34.082 Geranyl acetate 29,143,116 0.77
12 27.625 Caryophyllene 67,260,209 1.79 24 5.271 α-Pinene 26,062,379 0.69

Abbreviation: RT, retention time.

2.2. Baseline Characteristics of LSS Patients as a Function of Patient-Reported Pain Severity

A total of 57 patients were analyzed, consisting of 15 (26.4%) men and 42 (73.6%)
women, with a mean (standard deviation, SD) age of 65.75 (7.78) years. Of these 57 patients,
16 (28.1%) had mild pain and 41 (71.9%) had moderate to severe pain, with mean (SD)
pain-VAS scores of 2.34 (0.69) and 6.10 (1.76), respectively (p < 0.001). Age, sex, smoking
and alcohol history, and the presence of hypertension did not differ significantly between
the groups of patients with mild, moderate, or severe pain (Table 2). Medications used for
pain control included NSAIDs, opioids, and pregabalin, with acetaminophen or ibuprofen
being used in conjunction with other medications. The frequency of use of each pain
medication did not differ significantly between patients with mild and moderate to severe
pain, and there were also no significant between-group differences in sBP, dBP, HR, and
serum biochemical parameters. However, GAD-7 scores (p = 0.035), anxiety-VAS scores
(p = 0.001), stress-VAS scores (p = 0.004), and depression-VAS scores (p = 0.005) were
significantly higher in patients with moderate to severe pain than in patients with mild
pain (Table 2).

2.3. Effects of Geranium Essential Oil Inhalation on Anxiety-VAS, Stress-VAS, and
Depression-VAS Scores as a Function of Pain Severity

Patients were randomly assigned to receive almond oil (placebo control, PC) or GEO
based on pain severity. Prior to inhalation, the baseline characteristics of these groups,
including age, gender, types of pain control medications, sBP, dBP, and HR, did not differ
significantly. In addition, anxiety-VAS scores, stress-VAS scores, and depression-VAS scores
did not differ significantly in patients assigned to the PC and GEO groups (Table 3).

The impact of GEO inhalation was assessed separately in the mild pain group and the
moderate-to-severe pain group. Psychological factors associated with pain were assessed
before and after intervention in the individual PC and GEO groups, as well as being
compared in the two groups. Within the mild pain group, there were no significant
differences observed between patients who received PC and GEO. However, stress-VAS
scores in patients with mild pain were significantly reduced following inhalation of both
PC (z = −0.24, p = 0.039) and GEO (z = −1.62, p = 0.043).

In patients with moderate to severe pain, significant differences between the PC
and GEO groups were observed in anxiety-VAS scores (p = 0.002) and stress-VAS scores
(p = 0.003). Anxiety-VAS scores (z = −1.08, p = 0.002), stress-VAS scores (z = −2.08, p < 0.001),
and depression-VAS scores (z = −0.63, p = 0.030) were significantly lower after than before
GEO inhalation but did not differ significantly before and after PC inhalation in patients
with moderate to severe pain (Table 4).



Pharmaceuticals 2024, 17, 1 4 of 12

Table 2. Baseline demographic and clinical characteristics of patients with LSS as a function of
patient-reported pain severity.

Variable Mild Pain
(n = 16)

Moderate to Severe Pain
(n = 41) p-Value

Pain-VAS, cm 2.34 ± 0.69 6.10 ± 1.76 >0.001 ***
Gender, women, n (%) 10 (62.50) 32 (78.05) 0.317 a

Age, yr 64.44 ± 8.76 66.27 ± 7.41 0.539
BMI, kg/m2 25.49 ± 2.53 25.40 ± 3.39 0.118
Cigarette smoker, n (%) 2 (12.50) 6 (14.63) 1.000 a

Alcohol drinker, n (%) 4 (25) 8 (19.51) 0.723 a

Medications for pain control
NSAIDs, n (%) 12 (75.00) 28 (68.29) 0.753 a

Opioids, n (%) 3 (18.75) 14 (34.15) 0.342 a

Pregabalin, n (%) 5 (31.25) 11 (26.83) 0.752 a

Psychological status
GAD-7, point 5.38 ± 4.95 8.49 ± 5.42 0.035 *
PHQ-9, point 7.31 ± 4.81 9.85 ± 6.30 0.155
Anxiety-VAS, cm 1.38 ± 1.51 3.98 ± 2.85 0.001 **
Stress-VAS, cm 2.13 ± 2.22 4.73 ± 3.10 0.004 **
Depression-VAS, cm 1.89 ± 1.85 3.96 ± 2.70 0.005 **
Hypertension, n (%) 9 (56.25) 23 (56.10) 1.000
sBP, mmHg 130.50 ± 11.78 130.12 ± 12.03 0.880
dBP, mmHg 73.63 ± 5.58 74.66 ± 11.52 0.852
HR, bpm/min 78.50 ± 14.29 78.83 ± 11.81 0.763
Serum biochemical parameters
WBC count, µL 7181.25 ± 2293.82 6648.78 ± 1739.41 0.384
CRP, mg/dL 1.09 ± 1.23 1.25 ± 1.27 0.267
Total Ca2+, mg/dL 10.06 ± 0.60 9.74 ± 0.44 0.061

Values are presented as mean ± standard deviation, or number (%). p-values were calculated using the Chi-square
test or the Mann–Whitney U test. a p-value calculated by Fisher’s exact test. * p < 0.05, ** p < 0.01, *** p < 0.001.
Abbreviations: BMI, body mass index; CRP, C-reactive protein; dBP, diastolic blood pressure; GAD, generalized
anxiety disorder; HR, heart rate; sBP, systolic blood pressure; PHQ, patient health questionnaire; VAS, visual
analogue scale; WBC, white blood cell.

2.4. Pain-Related Variables at Baseline and after Geranium Essential Oil or Placebo
Control Inhalation

The effects of GEO inhalation on variables related to physical and psychological pain
were also evaluated in all patients, regardless of self-reported pain severity. At baseline,
there were no significant differences between the PC and GEO groups in pain-VAS scores,
anxiety-VAS scores, stress-VAS scores, and depression-VAS scores, or in sBP, dBP, HR,
and other general characteristics. Following PC inhalation, none of the variables differed
significantly, except for dBP (z = 1.50, p = 0.012). Following GEO inhalation, significant
reductions were observed in pain-VAS scores (z = −1.41, p < 0.001), anxiety-VAS scores
(z = −0.88, p = 0.001), stress-VAS scores (z = −1.93, p < 0.001), depression-VAS scores
(z = −0.79, p = 0.006), and sBP (z = −5.24, p = 0.002). When the two groups were compared,
pain-VAS scores (p = 0.003), anxiety-VAS scores (p = 0.004), and stress-VAS scores (p = 0.001)
were significantly lower in patients assigned to GEO than to PC inhalation (Table 5).

Table 3. Baseline demographic and clinical characteristics of patients with LSS assigned to GEO or
PC inhalation as a function of pain severity.

Variable
Mild Pain Moderate to Severe Pain

PC (n = 7) GEO (n = 9) p-Value PC (n = 21) GEO (n = 20) p-Value

Pain-VAS, cm 2.47 ± 0.72 2.23 ± 0.69 0.470 5.59 ± 1.28 6.65 ± 2.05 0.105
Gender, women, n (%) 5 (71.43) 5 (55.56) 0.633 a 14 (66.67) 18 (90.00) 0.130

Age, yr 67.57 ± 6.85 62.00 ± 9.66 0.185 66.33 ± 6.13 66.89 ± 6.01 0.354
BMI, kg/m2 25.82 ± 3.01 25.23 ± 2.25 0.560 61.16 ± 3.24 24.63 ± 3.33 0.705

Cigarette smoker, n (%) 1 (14.29) 1 (11.11) 1.000 a 5 (23.81) 2 (10.00) 0.663 a

Alcohol drinker, n (%) 1 (14.29) 3 (33.33) 0.585 a 4 (19.05) 3 (15.00) 0.697 a
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Table 3. Cont.

Variable
Mild Pain Moderate to Severe Pain

PC (n = 7) GEO (n = 9) p-Value PC (n = 21) GEO (n = 20) p-Value

Medications for pain control
NSAIDs, n (%) 5 (71.43) 7 (77.78) 1.000 14 (66.67) 14 (70.00) 1.000
Opioids, n (%) 1 (14.29) 2 (22.22) 1.000 a 7 (33.33) 7 (35.00) 1.000

Pregabalin, n (%) 3(42.86) 2 (22.22) 0.596 a 6 (28.57) 5 (25.00) 1.000
Psychological status

GAD-7, point 5.71 ± 6.50 5.11 ± 3.70 0.142 8.81 ± 4.41 8.15 ± 6.41 0.214
PHQ-9, point 7.43 ± 6.00 7.22 ± 4.06 0.351 9.10 ± 3.96 10.65 ± 8.11 0.794

Anxiety-VAS, cm 1.63 ± 1.79 1.19 ± 1.33 0.681 4.02 ± 2.00 3.95 ± 3.59 0.434
Stress-VAS, cm 1.64 ± 1.88 2.50 ± 2.50 0.758 4.01 ± 1.81 5.48 ± 3.95 0.303

Depression-VAS, cm 1.84 ± 1.60 1.93 ± 2.12 0.918 4.20 ± 2.01 3.71 ± 3.30 0.434
Hypertension, n (%) 5 (71.43) 4 (44.44) 0.358 a 10 (47.62) 12 (60.00) 0.756

sBP, mmHg 135.14 ± 11.22 126.89 ± 11.50 0.152 128.76 ± 10.49 131.55 ± 13.58 0.896
dBP, mmHg 72.14 ± 6.44 74.78 ± 4.89 0.408 74.43 ± 10.76 74.90 ± 12.54 0.990

HR, bpm/min 80.86 ± 13.73 76.67 ± 15.26 0.606 78.10 ± 11.21 79.60 ± 11.35 0.583
Serum biochemical parameters

WBC count, µL 5585.71 ± 1579.48 8422.22 ± 2008.59 0.120 6609.52 ± 1738.65 6690.00 ± 1784.41 0.774
CRP, mg/dL 1.40 ± 1.64 0.85 ± 0.82 0.606 1.19 ± 1.06 1.31 ± 1.50 0.845

Total Ca2+,mg/dL 10.14 ± 0.66 10.00 ± 0.59 0.536 9.82 ± 0.41 9.67 ± 0.47 0.260

Values are presented as mean ± standard deviation, or number (%). p-values were calculated using the Chi-square
test or the Mann–Whitney U test. a p-value calculated using Fisher’s exact test. Abbreviations: BMI, body mass
index; CRP, C-reactive protein; dBP, diastolic blood pressure; GAD, generalized anxiety disorder; GEO, geranium
essential oil; HR, heart rate; sBP, systolic blood pressure PC, placebo control; PHQ, patient health questionnaire;
VAS, visual analogue scale; WBC, white blood cell.

Table 4. Anxiety-VAS, stress-VAS, and depression-VAS scores of patients with LSS assigned to GEO
or PC inhalation as a function of pain severity.

Variable
Mild Pain Moderate To Severe Pain

PC (n = 7) GEO (n = 9) p-Value PC (n = 21) GEO (n = 20) p-Value

Anxiety VAS, cm
Pre 1.63 ± 1.79 1.19 ± 1.33 4.02 ± 2.00 3.95 ± 3.59
Post 1.54 ± 1.44 0.76 ± 1.38 4.31 ± 1.82 2.87 ± 3.30

Mean difference −0.09 ± 0.43 −0.043 ± 1.16 0.681 0.29 ± 1.26 −1.08 ± 1.65 0.002 **
p-value 0.786 0.271 0.288 0.002 **

Stress VAS, cm
Pre 1.64 ± 1.88 2.50 ± 2.50 4.01 ± 1.81 5.48 ± 3.95
Post 1.40 ± 1.53 0.88 ± 1.43 3.92 ± 1.70 3.41 ± 3.61

Mean difference −0.24 ± 0.43 −1.62 ± 2.51 0.408 −0.09 ± 1.35 −2.08 ± 2.21 0.003 **
p-value 0.039 * 0.043 * 0.823 >0.001 ***

Depression VAS,
cm
Pre 1.84 ± 1.60 1.93 ± 2.12 4.20 ± 2.01 3.71 ± 3.30
Post 1.81 ± 1.67 0.77 ± 1.19 4.16 ± 1.71 3.09 ± 3.33

Mean difference −0.03 ± 0.51 −1.17 ± 2.44 0.606 −0.05 ± 1.60 −0.62 ± 1.35 0.283
p-value 0.893 0.176 0.687 0.030 *

Values are presented as mean ± standard deviation. p-values were calculated using the Wilcoxon signed rank
test or the Kruskal–Wallis rank sum test. * p < 0.05, ** p < 0.01, *** p < 0.001. Abbreviations: dBP, diastolic blood
pressure; GEO, geranium essential oil; HR, heart rate; sBP, systolic blood pressure; PC, placebo control group;
VAS, visual analogue scale.

Table 5. Pain-related variables at baseline and after inhalation of geranium essential oil or placebo
control.

Variable PC (n = 28) GEO (n = 29) p-Value

Medications for pain control
NSAIDs, n (%) 19 (67.86) 21 (71.41) 0.707
Opioids, n (%) 8 (28.57) 9 (31.03) 0.839
Pregabalin, n (%) 9 (32.14) 7 (24.14) 0.501
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Table 5. Cont.

Variable PC (n = 28) GEO (n = 29) p-Value

Pain VAS, cm
Pre 4.81 ± 1.79 5.28 ± 2.70 0.632
Post 4.42 ± 1.82 3.87 ± 2.89
Mean difference −0.39 ± 0.80 −1.41 ± 1.90 0.003 **
p-value 0.300 <0.001 ***

Anxiety VAS, cm
Pre 3.42 ± 2.18 3.09 ± 3.31 0.167
Post 3.62 ± 2.10 2.21 ± 2.98
Mean difference 0.20 ±1.11 −0.88 ± 1.52 0.004 *
p-value 0.401 0.001 **

Stress VAS, cm
Pre 3.42 ± 2.07 4.56 ± 3.79 0.518
Post 3.29 ± 1.98 2.62 ± 3.29
Mean difference −0.13 ± 1.19 −1.93 ± 2.27 0.001 **
p-value 0.443 <0.001 ***

Depression VAS, cm
Pre 3.61 ± 2.15 3.16 ± 3.06 0.240
Post 3.57 ± 1.96 2.37 ± 3.02
Mean difference −0.04 ± 1.40 −0.79 ± 1.74 0.165
p-value 0.700 0.006 **

sBP
Pre 130.36 ± 10.84 130.10 ± 12.95 0.836
Post 128.04 ± 11.26 124.86 ± 14.32
Mean difference −2.32 ± 5.14 −5.24 ± 7.50 0.099
p-value 0.012 * 0.002 **

dBP
Pre 73.86 ± 9.80 74.86 ± 10.66 0.755
Post 75.36 ± 10.65 72.55 ± 11.78
Mean difference 1.50 ± 4.42 2.31 ± 8.12 0.019 *
p-value 0.084 0.155

HR, bpm/min
Pre 78.79 ± 12.59 78.69 ± 12.48 0.905
Post 78.57 ± 11.99 77.03 ± 11.27
Mean difference −0.21 ± 4.75 −1.66 ± 6.60 0.350
p-value 0.799 0.074

Values are presented as mean ± standard deviation. p-values were calculated using the Wilcoxon signed rank
test or the Kruskal–Wallis rank sum test. * p < 0.05, ** p < 0.01, *** p < 0.001. Abbreviations: dBP, diastolic blood
pressure; GEO, geranium essential oil; HR, heart rate; sBP, systolic blood pressure; PC, placebo control; VAS,
visual analogue scale.

3. Discussion

The present study evaluated the effects of GEO inhalation on anxiety, stress, and
depression in patients with LSS classified as having mild, moderate, or severe pain. GEO
inhalation reduced anxiety and stress in patients with moderate to severe pain, suggesting
that inhalation of GEO may reduce the occurrence of anxiety and depressive disorders
caused by poorly controlled pain. These effects may be due to both a reduction in pain
perception by patients with LSS and enhanced psychological stabilization, particularly
among patients with pronounced pain severity.

The persistent pain in LSS patients is significantly associated with impaired physical
function, including walking ability, and reduced quality of life [24,25]. Furthermore, pain
has been found to exacerbate psychological factors such as anxiety, stress, and depression,
leading to increased fear and avoidance of physical activities, ultimately resulting in
physical disabilities and social and economic isolation [3,26]. The present study found that
anxiety, stress, and depression levels were greater in LSS patients with moderate to severe
pain than with mild pain. Therefore, LSS patients with higher pain severity require more
attention and care concerning both physical discomfort and psychological instability [7,27].
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GEO inhalation may result in comprehensive improvements in pain and related
psychological and emotional factors experienced by LSS patients. GEO has been reported
to possess anti-inflammatory and analgesic effects through the regulation of inflammatory
mediators [28,29]. A recent review in the field of dentistry emphasized that the anti-
inflammatory properties of GEO could potentially be exploited in oral applications [30].
In animal experiments, application of GEO effectively alleviated egg-albumin-induced
hind paw edema and pain, with no signs of toxicity or alterations in general behavior or
other physical activities [31]. GEO was found to reduce inflammatory mediators, such as
interleukin (IL)-1β and tumor necrosis factor (TNF)-α, thereby inhibiting the expression of
cyclooxygenase-2 (COX-2), in THP-1 macrophages with lipopolysaccharide (LPS)-induced
inflammation [28]. Citronellol and geraniol, which make up about 40% of the contents of
GEO, inhibited the production of prostaglandin E2 (PGE2) and the expression of COX-2 in
RAW 264.7 macrophages with LPS-induced inflammation [29]. NSAIDs are the preferred
primary medications for relieving pain and alleviating associated physical impairments
in patients with LSS, primarily due to the ability of NSAIDs to inhibit PGE2 production
and COX-2 expression [5]. However, long-term use of NSAIDs not only increases the
incidence of side effects, including upper abdominal discomfort, but is contraindicated
in many elderly patients who are unable to tolerate NSAIDs due to conditions such as
chronic kidney disease [31]. Thus, GEO may have potential benefits for these patients,
offering anti-inflammatory and analgesic effects similar to NSAIDs but with reduced side
effects [32].

Intraperitoneal administration of GEO has been found to reduce the duration of
immobility during forced swimming tests in male Swiss albino mice [33]. This effect may
be counteracted by a 5-HT1A receptor antagonist, suggesting that components of GEO
may act as direct or indirect serotonin receptor agonists [33]. The effects associated with
serotonin are also related to pain control. Duloxetine, an antidepressant that acts as a
serotonin-norepinephrine reuptake inhibitor, has been found to alleviate neuropathy by
enhancing the inhibitory pain pathway [34] and is effective in reducing chronic lower back
pain in patients with LSS [35,36]. These findings suggest that GEO may improve pain
perception and psychological factors related to pain, such as anxiety and stress, in LSS
patients by acting as a serotonin receptor agonist and by inhibiting PGE2 production and
COX-2 expression.

Neuropathic pain, characterized by its severity and difficulty of management, increases
the incidence of anxiety and depression in LSS patients, significantly reducing their quality
of life [37]. Although this pain is frequently treated with gabapentinoids, such as pregabalin
and gabapentin [38], there is insufficient evidence regarding their efficacy and safety in
relation to central nervous system inhibition [39]. The relationship between neuropathic
pain and COX-2 has been evaluated in an LPS-induced neuropathic animal model [40],
and a recent randomized controlled trial reported that NSAIDs can improve peripheral
neuropathic pain in LSS patients [41]. Therefore, GEO may act as a long-term modulator of
neuropathic pain in patients with LSS, offering potential advantages over NSAIDs, which
are recommended only for short-term use.

COX-2 inhibition can prevent hypertrophy of the yellow ligament, which exacerbates
spinal canal stenosis [42]. One of the major causes of hypertrophy of the yellow ligament
is the accumulation of fibrosis due to chronic and repetitive inflammatory responses [43].
Inhibition of COX-2 expression in vascular endothelial cells can prevent hypertrophy of the
yellow ligament, thereby delaying the progression of degenerative changes [43]. Although
patients in this study were subjected to a single session of GEO inhalation, the inhibition
of COX-2 expression following the long-term use of GEO may not only alleviate pain
associated with physical and psychological factors but also prevent degenerative changes
in the yellow ligament, ultimately improving the course of LSS.

Our findings indicate that GEO inhalation was effective in lowering perceived pain,
anxiety, and stress in LSS patients with moderate to severe pain. These results provide
additional evidence of the clinical effectiveness of GEO inhalation as a perceived pain con-
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trol intervention in LSS patients with moderate to severe pain. Future work should assess
the relative clinical benefits of GEO inhalation and psychological therapy in enhancing
perceived quality of life in patients with LSS, a condition that poses risks to gait ability,
physical function, and social and economic wellbeing due to worsening pain and related
psychological aspects.

4. Materials and Methods
4.1. Participants and Study Design

This randomized, controlled, pre- and post-experimental study was performed to
assess the impact of GEO inhalation on pain and the associated physiological and psycho-
logical factors in LSS. This study was approved by the institutional review board of Korea
University Guro Hospital (2022GR0183), and the clinical trial protocol was retrospectively
registered with the Korean Clinical Research Information Service (KCT0008853). This study
included patients diagnosed with LSS who received outpatient medical therapy in the
neurosurgery department of Korea University Hospital from May 2022 to February 2023
and who provided informed consent to participate. Patients were excluded if they were
unable to communicate, had significant medical history concerns, were currently under-
going hormone therapy or aromatherapy, or were taking medications for the treatment of
anxiety or depression. Using the G*Power 3.1 program, it was estimated that a minimum
of 41 individuals would be required to compare groups with a power of 0.50, an effect
size of 0.40, and a significance level of 0.05 [44]. A total of 68 individuals expressed their
willingness to participate; after screening based on selection and exclusion criteria, nine
individuals currently taking anxiolytics were excluded. After completing the intervention,
two individuals were unable to undergo the final measurement of the dependent variable
and were also excluded, resulting in a final analysis of 57 individuals (Figure 1).
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4.2. Randomization and Masking

An internal researcher was responsible for participant recruitment, screening, and
the measurement of pre- and post-intervention variables, whereas external researchers
were responsible for manufacturing the oil used for inhalation and for analyzing the data.
External researchers prepared 100% almond oil (placebo control, PC) and 1% (v/v) GEO
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in almond oil, sealed the bottles, and delivered them to the internal researchers, who
administered the inhalations to participants using sequentially numbered sealed tubes,
ensuring that participants were allocated randomly.

4.3. GC/MS Spectrometry Profiling of Geranium Essential Oil

GEO was obtained from Aromarant Co. (Rottingen, Germany), and its constituent com-
ponents were analyzed by GC/MS spectrometry with a capillary column (HP-INNOWAX;
Agilent Technologies, Santa Clara, CA, USA). The carrier gas was helium at a flow rate of
1.0 mL/min, with the temperature maintained at 40 ◦C for 10 min and increased at a rate of
3 ◦C/min to 230 ◦C. Compounds were separated based on retention times and identified
by comparing their mass spectra with those in the NIST05 2010 library (Supplementary
Material Figure S1). Their homogeneity was confirmed by comparisons with reference
compounds [45].

4.4. Classification Based on Self-Reported Pain Severity

The enrolled subjects were categorized into two groups based on pain severity, as
measured by pain-VAS scores, into those with mild pain (n = 16) and moderate to severe
pain (n = 41) (Figure 1). Subjects were asked to indicate the level of pain they experienced on
a continuous horizontal line of 10 cm, with 0 cm indicating ‘no pain’ and 10 cm indicating
‘unbearable pain’. The measured values were classified into two groups using a cut-off
point for the pain-VAS score based on research that employed hierarchical analysis of pain
in patients with chronic musculoskeletal disease [46]. Subjects with pain-VAS scores ≤3.4
were categorized as having mild pain, whereas subjects with scores >3.5 were categorized
as having moderate to severe pain [46].

4.5. Intervention

Participants stratified by pain severity were randomly allocated to inhale almond oil
or 1% (v/v) GEO in almond oil. Anxiety-VAS scores, stress-VAS scores, and depression-VAS
scores, along with BP and HR, were measured before and after a 20 min inhalation session.
A 1% concentration of GEO was selected based on the preferences of ten healthy adults
who evaluated 10%, 1%, and 0.1% GEO in almond oil, with 1% being preferred.

During each inhalation session, participants were seated on comfortable chairs in
a designated private area and exposed to the fragrance of almond oil or 1% geranium
oil in almond oil applied to a 2 × 1 gauze and affixed to their philtrum area for 20 min.
Immediately prior to the end of the inhalation, all participants were directed to take three
deep breaths [45].

4.6. Outcome Measures

Anxiety-VAS scores, stress-VAS scores, and depression-VAS scores were measured
as described above. Physiological factors related to pain, including sBP, dBP, and HR,
were also measured. Baseline measurements were taken after participants were seated
and remained still for 10 min. Post-intervention measurements were taken immediately
after the intervention. The pre- and post-intervention sBP, dBP, and HR values reported
represent the average of three measurements for each parameter, with intervals of 30 s to
1 min between measurements.

4.7. Statistics

The data were analyzed using SPSS 23.0 software (IBM SPSS, Inc., Chicago, IL, USA).
The normality of continuous variables was confirmed using the Shapiro–Wilk test, with
between-group comparisons determined using Mann–Whitney U tests. Categorical vari-
ables were assessed using the Chi-square test or Fisher’s exact test, as applicable. Group
comparisons based on pre- and post-intervention measures, as well as pain severity, were
performed using the Wilcoxon signed-rank test and Mann–Whitney U test. Statistical
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significance was determined at a 5% alpha level (95% confidence interval) with 80% power,
and p-values <0.05 were considered statistically significant.

5. Conclusions

GEO reduced pain immediately after inhalation, as well as improving anxiety and
stress in LSS patients with moderate to severe pain. These findings suggest the potential
utility of GEO inhalation not only for pain relief but also for improving anxiety and stress-
related factors. A strength of the present study is that a high proportion of participants
were aged 60 years and older, making it representative of typical LSS patients. Moreover,
we present notable distinctions in the efficacy of GEO inhalation depending on the severity
of pain.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/ph17010001/s1, Figure S1. Representative chromatogram of Pelargonium
graveolens essential oil.
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