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Objectives This study aimed to evaluate the effects of Integrative treatment of tradi-
tional Korean medicine (TKM) on 7 hospitalized patients after hip fracture surgery, and
to identify significant herbs and co—prescribed herbs by using network analysis and
association rule mining.

Methods A retrospective chart review of the 7 hospitalized patients treated for post-
operative hip fractures between January and December 2021 was performed. All TKM
treatments for the patients were identified and Wilcoxon signed-rank test was per-
formed to compare hip pain and mobility on admission and discharge. We visualized
the network of herbal medicines and complications. By using network analysis, we al—
so identified the significant herbs (high centrality of degree, eigenvector, and sub-
graph). Co—prescription patterns for the hip fracture patients were further analyzed by
association rule mining.

Results We found that TKM treatment significantly relieved hip pain and improved
mobility. Accompanying symptoms reported by the patients were general weakness,
anorexia, dizziness, delirium, edema, sputum, sore throat, cough, rhinorrhea, and chills.
Herbs composed of Sagunja—tang and Samul/-tang showed high centralities and high
associations with other herbs. In addition, Gupan, Nokyong, Yukjongyong, Useul, and
Hyunhosaek were identified as important herbs for postoperative hip fracture patients.
Conclusions This study provides evidence for clinical TKM use as an effective post-
operative treatment for pain relief and improvement of mobility in patients with hip
fractures. In addition, herbs that can be considered in the treatment of patients after
hip fracture surgery were identified through network analysis and association rule
mining. (J Korean Med Rehabil 2022;32(3):119-129)

Key words Hip fractures, Rehabilitation, Postoperative care, Korean traditional medicine,
Herbal medicine, Network analysis
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Table I. Demographic Characteristics of Inpatients after Hip
Fracture Surgery

Table II. Comorbidities of Inpatients after Hip Fracture Surgery

Variables Mean+SD, n (%)

Age 78.29+3.68
(minimum: 72, maximum: 82)

Gender
Female 5 (71.4)
Male 2 (28.6)
Inpatient days 21.71£5.5
(minimum: 15, maximum: 30)
Postoperative days 16.14+4.6

(minimum: 13, maximum: 26)

Diagnosis
Intertrochanteric fracture 4 (57.1)
of femur, closed
Femoral neck fracture, 2 (28.6)
closed
Fracture of hip 1 (14.3)
Hip fracture surgery
Closed reduction and 6 (85.7)
internal fixation
Total hip replacement 1 (14.3)

arthroplasty

SD: standard deviation.
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Comorbidity Number (%)
Osteoporosis Yes 7 (100)
No 0 (0)
Hypertension Yes 4 (57.1)
No 3 (42.9)
Diabetes mellitus Yes 4 (57.1)
No 3 (42.9)
Heart disease Yes 3 (42.9)
No 4 (57.1)
Pulmonary disease Yes 3 (42.9)
No 4 (57.1)
Cerebrovascular disease Yes 2 (28.6)
No 5 (71.4)
Cognitive impairment Yes 3 (42.9)
No 4 (57.1)
Sleep disorders Yes 4 (57.1)
No 3 (42.9)

Treatment

. Yes
D No

Subject

Herbal medicine
Acupuncture
Dry cupping
Wet cupping
Moxibustion

]
E
]
o
=
3
2
g

Pharmacopuncture
Interferential current therapy
Carbon light therapy
Physiotherapy exercise

Fig. 1. Treatment of traditional Korean medicine and physiotherapy
exercise for inpatients after hip fracture surgery.
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Fig. 2. Pain assessment before and after hospitalization. (A) Boxplots of numeric rate scale score of hip pain at admission
and discharge. Asterisk refers statistically significant difference in mobility between admission and discharge after using Wilcoxon
signed rank test at significance level of 0.05. (B) Boxplot of subjective pain (%) at discharge compared to admission.
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Fig. 3. Mobility assessment at admission and discharge. (A) Sitting time (minute), (B) upright time (minute), (C) walking ability
(meter). Asterisk refers statistically significant difference in mobility between admission and discharge after using Wilcoxon

signed rank test at significance level of 0.05.
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BBC-ex Herbal medication (extract, pill) o Baekjakyak )
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Fig. 4. Network of accompanying symptoms (orange circles) " Belie o
. . . JukbokryingSoyeop-Shungpi—gacho Top 22 Herbs with high centrality
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formulations. URI: upper respiratory infection, SSE-ex: Samsoeum Jigal—Heengin-Daebokp=Eyel ORGS0 Herbe Wt low cartrity
(degee, eigenvector, subgraph)
(Shen Su Yin), YPS-ex: Yeonkyopaedok-san (Lian Qiao Bai Du Yufljang—Ralliek Co-prescribed in the same decoction
San), SCRT-ex: Socheongryong-tang-ex (Xiao Qing Long
Tang), SHT-ex: Ssanghwa-tang-ex (Shung He Tang), GYM-ex: Fig. 5. Network of herbal prescription for inpatients after hip fracture

Gyejigcg}onggolmoryo—tang—ea'c (Gui Zhi Jia Long Gu Mu 'Li Tang), surgery. The nodes represent herbs, among which the top 22 herbs
WHCSW. %ohwangc.hzfngszm—won, CSYJT-ex: Cheongsimyeorja- with high centrality are green circles, and the 30 herbs with low
tang-ex, SJIT-ex: Sanjoin-tang-ex (Suan Zao Ren Tang), SHHW: centrality are light green rectangles. The Edges between two nodes

Gagam-sohaphyang-won, BBC-ex: Banhabaeckchulchunma-tang-ex indicate that they were co-prescribed more than two time. The degree
(Ban Xia Bai Zhu Tian Ma Tang), ORS-ex: Oryeong-san (Wu (number of edges) are mapped to the node size.
Ling San), KOK: Kyugok-go.

Table III. Frequently Prescirbed Herbs for Inpatients after Hip Fracture Surgery

Herb (Latin name) Prescribed frequency
Danggui, Gamcho (A4ngelicae Gigantis Radix, Glycyrrhizae Radix et Rhizoma) 16
Baekjakyak (Paeoniae Radix) 15
Sukjihwang, Baekchul (Rehmanniae Radix Preparata, Atractylodis Rhizoma Alba) 14
Chungung (Cnidii Rhizoma) 13
Baekbokryung, Saenggang (Poria Sclerotium, Zingiberis Rhizoma Recens) 12
Jinpi, Gupan, Useul (Citri Unshius Pericarpium, Testudinis Chinemis Plastrum et Carapax, Achyranthis Radix) 10
Sokdan (Dipsaci Radix) 8
Hyunhosaek (Corydalis Tuber) 7
Nokyong, Yukjongyong, Omija, Daejo, Hwanggi, Insam (Cervi Parvum Cornu, Cistanchis Herba, Schisandrae 6

Fructus, Zizyphi Fructus, Astragali Radix, Ginseng Radix)
Taeksa, Yukgye, Changchul (Alismatis Rhizoma, Cinnamomi Cortex, Atractylodis Rhizoma)

Banha, Jeoryung, Duchung, Sanjoin, Chogwa, Baekdugu, Oyak, Soyeop, Mokgwa, Ogapi (Pinelliae Tuber, 4
Polyporus, Eucommiae Cortex, Zizyphi Semen, Amomi Tsao-ko Fructus, Amomi Fructus Rotundus, Linderae Radix,
Perillae Folium, Chaenomelis Fructus, Acanthopanacis Cortex)

Yuhyang, Gyeji, Jukbokryung, Chajeonja, lkmocho, Dokhwal, Sain (Olibanum, Cinnamomi Ramulus, Poria 3
Sclerotium, Plantaginis Semen, Leonuri Herba, Araliae Continentalis Radix, Amomi Fructus)

Seokgok, Buja, Maekmundong, Jacho, Haengin, Jigak, Chungpi, Molyak, Daebokpi, Namsung, Geumeunhwa, Jogakja, 2
Gugija (Dendrobii Caulis, Aconiti Lateralis Radix Preparata, Liriopis seu Ophiopogonis Tuber, Lithospermi

Radix, Armeniacae Semen, Aurantii Fructus Immaturus, Citri Unshius Pericarpium Immaturus, Myrrha, Arecae
Pericarpium, Arisaematis Rhizoma, Lonicerae Flos, Gleditsiae Spina, Lycii Fructus)
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Table IV. Co-prescription Patterns of the Herbs by Association Rules

Antecedents Consequents Support Confidence Lift
Gamcho Baekchul 0.765 0.867 1.133
Baekchul Gamcho 0.765 1.000 1.133
Gamcho Baekjakyak 0.765 0.867 1.052
Baekjakyak Gamcho 0.765 0.929 1.052
Danggui Baekchul 0.765 0.867 1.133
Baekchul Danggui 0.765 1.000 1.133
Danggui Sukjihwang 0.765 0.867 1.133
Sukjihwang Danggui 0.765 1.000 1.133
Sukjihwang Baekjakyak 0.706 0.923 1.121
Baekjakyak Sukjihwang 0.706 0.857 1.121
Chungung Baekjakyak 0.706 1.000 1.214
Baekjakyak Chungung 0.706 0.857 1.214
Chungung Gamcho 0.647 0917 1.039
Baekbokryung Danggui 0.647 1.000 1.133
Saenggang Gamcho 0.647 1.000 1.133
Baekbokryung Gamcho 0.647 1.000 1.133
Sukjihwang Baekchul 0.647 0.846 1.107
Baekchul Sukjihwang 0.647 0.846 1.107
Baekchul Baekjakyak 0.647 0.846 1.027
Baekbokryung Baekchul 0.647 1.000 1.308
Baekchul Baekbokryung 0.647 0.846 1.308
Baekbokryung Sukjihwang 0.588 0.909 1.189
Saenggang Baekjakyak 0.588 0.909 1.104
Baekbokryung Baekjakyak 0.588 0.909 1.104
Chungung Sukjihwang 0.588 0.833 1.090
Gupan Baekchul 0.529 1.000 1.308
Gupan Gamcho 0.529 1.000 1.133
Gupan Danggui 0.529 1.000 1.133
Useul Danggui 0.529 1.000 1.133
Saenggang Baekchul 0.529 0.818 1.070
Baekbokryung Gupan 0.529 0.818 1.545
Gupan Baekbokryung 0.529 1.000 1.545
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Fig. 6. Network of herbal pairs after association rule mining.
The node represents herb and the edge connecting two herbs
indicates that herbal pairs meet the threshold (support>0.5,
confidence>0.8, lift>1) in association rule mining. The width
of the edge were visualized thicker as the support value increased.
The herbs in the orange colored area are ingredients of Samui-
tang, and the herbs in the light green part are the ingredients
of Sagunja-tang excluding Insam.
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