
Journal of Orthopaedic Translation (2019) 18, 65e73
Available online at www.sciencedirect.com

ScienceDirect

journal homepage: http: / /ees.elsevier .com/jot
ORIGINAL ARTICLE
Huo Xue Tong Luo capsule, a vasoactive
herbal formula prevents progression of
asymptomatic osteonecrosis of femoral
head: A prospective study

Qiu-Shi Wei a,b,*, Guo-Ju Hong c,*, Ying-Jia Yuan a,
Zhen-Qiu Chen a,b, Qing-Wen Zhang a,b, Wei He a,b,*
a Hip Preserving Ward, No. 3 Orthopaedic Region, The First Affiliated Hospital of Guangzhou University
of Chinese Medicine, Guangzhou, 510407, China
b Institute of Hip Diseases, Guangzhou University of Chinese Medicine, Guangzhou, 510405, China
c Department of Surgery, University of Alberta, Edmonton, Alberta, T6G 2R3, Canada
Received 18 July 2018; received in revised form 21 November 2018; accepted 28 November 2018
Available online 21 December 2018
KEYWORDS
Clinical progression;
Femoral head;
HXTL capsule;
Osteonecrosis;
Radiographic
evaluation
* Corresponding author. Hip Preservi
Medicine, 16th, Airport Road, Baiyun

E-mail address: gdsthgj@foxmail.c
* These authors contributed equally t

https://doi.org/10.1016/j.jot.2018.11
2214-031X/ª 2018 The Authors. Publis
access article under the CC BY-NC-ND
Abstract Background/objective: A prospective cohort study aimed to evaluate the clinical
efficacy of a specific vasoactive herbal formula, Huo Xue Tong Luo capsule (HXTL capsule),
for the treatment of patients with asymptomatic osteonecrosis of femoral head (ONFH).
Methods: We evaluated a clinical trial of 55 patients (59 hips) with asymptomatic ONFH (no
joint collapse) evaluated by Steinberg staging system and necrosis range classification criteria.
Then, they were given HXTL capsule under specific protocol. Among them, 39 males and 16 fe-
males with an average age of 36.4 � 10.1 years were followed up for an average of 4.38 years
during treatment. The aggravation of clinical and imaging results was assessed by initial pain
and joint collapse. The clinical and imaging outcomes of these patients were compared with
those of a historical control group from the literature under critical inclusion criteria.
Results: At the latest follow-up, initial pain occurred in five of 59 (8.5%) hips of patients taking
HXTL capsule compared with 31 of 81 (38.3%) controls (p < 0.001), and joint collapse occurred
in 13 of 59 (22.0%) hips of patients taking HXTL capsule compared with 26 of 81 (32.1%) controls
(p < 0.001). There was no association between joint collapse and multiple key factors of
ONFH. Only the location of type C2 necrotic lesions (hazard ratio, 4.12; 95% confidence inter-
val, 2.64e18.91) and the extent of large necrotic lesions (hazard ratio, 3.39; 95% confidence
interval, 1.43e16.21) predicted joint collapse.
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Conclusion: As an agent formulated by vasoactive herbals, HXTL capsule with specific protocol
is an effective medicine for relieving hip pain and preventing joint collapse in patients with
asymptomatic ONFH.
The translational potential of this article: The translation potential of this prospective cohort
study is that the initially officially approved clinical indication for HXTL capsule for treatment
of ONFH is due to its possible effect of revascularization on angiogenesis of necrosis. It is has
been now proven to be effective for a new clinical application.
ª 2018 The Authors. Published by Elsevier (Singapore) Pte Ltd on behalf of Chinese Speaking
Orthopaedic Society. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

The progression of patients with osteonecrosis of femoral
head (ONFH) with an insidious onset usually deteriorated
further and eventually led to joint collapse and hip osteo-
arthritis [1]. Ischaemiawas a significant pathological feature
of necrotic lesion in ONFH [2]. It was demonstrated that
skeletal angiogenesis and vascularity were interrupted in
necrotic tissue, no matter if it is steroid-induced or alcohol-
induced one [3]. Femoral head blood flow was greatly
reduced once osteonecrosis occurred, and vasoconstriction
was usually found on lateral epiphyseal arteries of the
femoral head [4]. Currently, the hip preservation surgery is
used to provide biomechanical support and, more impor-
tantly, induce revascularization or transposition of the
necrotic area [5]. Furthermore, inmedicine treatment, at an
early stage of ONFH, a single-centre study with a 3-year
follow-up was conducted. An activating blood and dredging
collaterals nourishing herbal formula (multiherbal compo-
nents) method was clinically tested for its efficacy in alle-
viating the clinical symptoms and improving the joint
function of patients with ONFH with systemic lupus erythe-
matosus [6]. Studies in vivo also demonstrated that this
formula had a therapeutic effect on ONFH in an animal
model [7]. Huo Xue Tong Luo capsule (HXTL capsule) was one
of the effective formulas used in the treatment of ONFH at
earlier osteonecrosis stage in our clinical centre. HXTL
capsule contained seven vasoactive herbal compounds such
as cajan leaf [8], Angelica sinensis [9], red peony [10], Lig-
usticum wallichii [11], peach kernel [12], Carthamus tinc-
torius [13], and Radix Rehmanniae [14]. All compounds were
discovered previously to be effective in promoting angio-
genesis of ischaemic tissues. Hence, HXTL capsule was used
as a promising formula to eliminate ischaemia in ONFH and
promote tissue regeneration, removing obstruction.

Asymptomatic ONFH, known as “silent hip” or no joint
collapse femoral head, usually occurred in bilateral ONFH,
in which the more seriously affected hip is the contralateral
side [15]. However, until now, the current therapies for
asymptomatic ONFH remain controversial. Owing to the
stability of clinical symptoms during progression, some
proposed that asymptomatic ONFH did not require a sys-
temic treatment such as physical therapy or impact graft
implant surgery, especially in some patients with small- or
medium-sized necrotic lesions [16]. In contrast, some re-
searchers have proposed that aggressive treatments at an
early stage are truly important, on account of the dynamic
development of clinical symptoms in the vast majority of
patients [17]. An oral vasoactive agent is one of the possible
selections and might be taken to be a complemental ther-
apy in the early stage of ONFH as we concerned. Hence, our
research aims to explore the function of HXTL capsule on
the clinical and radiological progression of asymptomatic
ONFH and reveal its potential to leverage of level of evi-
dences for wide clinical application of this vasoactive for-
mula for treatment of asymptomatic ONFH.

Methods

Ethics statement

This study was conducted in agreement with the Declara-
tion of Helsinki and had been approved by the ethics board.
Informed consent form was obtained from each patient
before evaluation. This study is registered at chictr.org.cn
(http://www.chictr.org.cn/showproj.aspx?projZ10829).

Study participants and inclusion and exclusion
criteria

Fifty-five patients with asymptomatic ONFH were recruited
fromJune 2005 to January 2013. The inclusion criteriawereas
follows: (1) patients with asymptomatic ONFH diagnosed by
physical examination, magnetic resonance imaging (MRI) and
X-ray imaging of the hip performed at our institution following
a standardized protocol [18] and (2) patients who had not
received systemic treatment before. The exclusion criteria
were as follows: (1) patients who had undergone previous hip
surgery; (2) patients with trauma to the femoral head and
neck; (3) patients with severe congenital malformation of the
hip joint and (4) patients with any diseases that affect the hip
joint including rheumatoid arthritis, ankylosing spondylitis,
joint tuberculosis andpyogenic arthritis. A total of 55 patients
were enrolled into our study, including 39 men and 16 women
withan averageage of36.4� 10.1years (range, 19e61 years).
Four patients had bilateral ONFH (a total of 59 affected hips),
and51hadunilateralONFH.Twenty-ninepatientshad steroid-
inducedONFH, 9 patients had alcohol-associatedONFHand17
patients had unknown reasons for developing ONFH. They
were followed up until their femoral heads were collapsed at
the late stage III ofSteinberg staging system,oruntil theywere
lost to follow-up, passed away or the end of our study in 2017.
All patients were followed up for 2e12 years.
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Clinical and radiographic evaluations

At the time of the initial examination, MRI and X-ray im-
aging of all the patients were evaluated. According to the
Steinberg staging system [19], there were 10 hips at stage I
disease (MRI evidence of ONFH without radiographic evi-
dence) and 49 hips at stage II disease (radiographic evi-
dence of ONFH without collapse or a crescent sign). Based
on the necrosis range classification criteria, there were 7
hips with small lesions (<15%), 27 hips with medium-sized
lesions (15%w30%) and 25 hips with large lesions (>30%).
According to the Japanese Investigation Committee classi-
fication criteria [20], there were 3 hips with type A, 25 hips
with type B, 21 hips with type C1 and 10 hips with type C2
necrotic lesions.

All patients underwent clinical and radiographic follow-
up evaluations at three-month intervals for the first 2 years
and annually thereafter until the time of collapse or for a
minimum of 4 years. In particular, pain scores and radio-
graphic progression of collapse were recorded at each
follow-up evaluation.

Treatment

HXTL capsule was formulated for eliminating ischaemia in
the femoral head, promoting tissue regeneration and
removing obstruction. Seven herbs were used for formula-
tion, including cajan leaf (main chemical ingredient, fla-
vonoids), tails of Angelica sinensis (main chemical
ingredient, ferulic acid), red peony root (main chemical
ingredients, total paeony glycoside and Radix Paeoniae
Rubra), Ligusticum wallichii (main chemical ingredient,
tetramethylpyrazine), peach kernel (main chemical ingre-
dient, glycoside), Carthamus tinctorius (main chemical
ingredient, flavonoid), Radix Rehmanniae preparata (main
chemical ingredient, polysaccharide). All the herbs were
decocted and combined before condensing into a thick
paste at 30�C and then blended, granulated, dried and
finally packed to form an HXTL capsule for oral adminis-
tration (Institutional approval number: Z20071224).

All patients with asymptomatic ONFH consented to
receiving daily oral HXTL capsule at a dosage of one tablet
(6 g/day) three times per day. The treatment with our
herbal formula was the main part of our protocol, and we
evaluated the location of necrosis and bone repair by
bilateral hip X-ray in anteroposterior and flog position. To
those patients with asymptomatic ONFH, they were
permitted to walk at normal weight-bearing, and regular
examinations were conducted. To those with painful hip,
they were recommended to walk with stick for avoiding
weight loading. In our report, there were only five cases
(8.5% in 59 hips) suffering with hip pain at their last follow-
up and 13 cases (22.0% in 59 hips) with femoral head
collapse. In case of pain, these patients were guided to use
stick for weight-bearing walking until their pain is relieved.

Control group

We compared the treatment group with an established
group of historic controls taken from a peer-reviewed
publication with a same baseline [21]. The publication
prospectively analysed the fate of untreated asymptomatic
ONFH in 81 patients (81 hips) in Chinese population. Glu-
cocorticoids (14.9%), alcohol (48.1%) and idiopathic (37%)
were the aetiologic causes of ONFH. The cohort included 81
hips: 55 hips had Steinberg stage I disease, and 26 had stage
II; 30 hips had small-sized lesions, 29 had medium-sized
lesions and 22 had large-sized lesions; 3 hips had Japa-
nese Investigation Committee type A, 35 had type B, 15 had
type C1 and 28 had type C2 necrotic lesions. The mean
patient age was 50.5 years, and the mean follow-up was 8.3
years (range, 5e16 years). At the last follow-up, 31 of 81
(38%) patients in the study showed evidence of pain pro-
gression, and 26 of 81 (32%) patients had unsuccessful
radiographic outcomes.

Statistical analysis

The data were analysed using SPSS, version 18.0 (SPSS Inc.,
USA). A p-value of less than 0.05 was considered statisti-
cally significant. Clinical failure was defined as the occur-
rence of pain, and radiographic failure was defined as the
occurrence of segmental collapse. With collapse of the
femoral head as seen on a radiograph as the endpoint,
survival for all the enrolled patients was calculated using
the KaplaneMeier method. The differences in the survival
distributions were tested with the log-rank test. The pres-
ence or absence of pain and radiological progression was
recorded as a binary variable. Pain and radiological pro-
gression were compared between the two groups using the
Chi-square test and Fisher’s exact test. We performed a
multivariate regression analysis using Cox proportional
hazards model to identify the independent factors associ-
ated with collapse of the femoral head.

Results

In terms of the study’s primary outcome, 5 of 59 hips (8.5%)
were symptomatic, and 13 hips (22.0%) had bone collapse
at an average follow-up of 4.38 � 2.38 years. Compared
with patients in the control group, patients taking HXTL
capsule showed a significantly decreased rate of pain (31 of
81 hips, 38.3% rate of progression vs. 5 of 59, 8.5% rate of
progression, pZ 0.000; Figure 1A). Compared to patients in
the historical control group, patients taking HXTL capsule
still showed a decreased rate of radiographic progression
(13 of 59 hips taking HXTL capsule vs. 26 of 81 controls,
p Z 0.000; Figure 1B).

With the occurrence of collapse as the endpoint, the
cumulative rates of survival (with 95% confidence intervals)
were 96.6% at 4 years, 90.8% at 5 years, 83.5% at 6 years,
80.2% at 7 years, 72.5% at 8 years and 60.2% at 9 years in our
group (Figure 2A). All five hips that were symptomatic
collapsed. The mean interval between diagnosis and
collapse was 1.8 years (range, 0.4e4.3 years). The mean
interval between diagnosis and the onset of pain was 1.5
years (range, 0.4e2.2 years). Eight of the 13 hips (61.5%)
that had collapsed were not associated with pain (Figure 3).
There was no pain or collapse in 43 patients (46 hips) with
good function at the last follow-up (Figure 4).

No differences were observed in survival (p Z 0.607,
log-rank test) among hips classified according to Steinberg



Fig. 1 Patients taking a Huo Xue Tong Luo capsule (HXTL capsule; treatment group) and historical controls (control group) with
any presenting Steinberg stage osteonecrosis of the femoral head (ONFH) after more than 4 years of follow-up. (A) The treatment
group exhibited a significantly lower percentage of cases with clinical pain progression of ONFH than the control group. (B) The
treatment group exhibited a significantly lower percentage of cases with radiographic progression of ONFH than the control group.

Fig. 2 KaplaneMeier survivorship curve. (A) The cumulative rates of survival (with 95% confidence intervals) are 96.6% at 4 years,
83.5% at 6 years, 72.5% at 8 years and 60.2% at 9 years with collapse of the femoral head as the endpoint. (B) Survival rates ac-
cording to initial Steinberg stages of osteonecrosis. There were no differences (p Z 0.607, log-rank test) in survival among hips
classified at different Steinberg stages. (C) Survival rates according to the initial extent of the osteonecrosis as determined by
magnetic resonance imaging (MRI) using the method of Steinberg et al. (Steinberg et al., 1995). The time to collapse was different
(p Z 0.000, log-rank test) among the three groups. (D) Survival rates according to the location of osteonecrosis. The time to
collapse was different (p Z 0.000, log-rank test) among the three groups.
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stages (Figure 2B). The survival rates for stage I and II hips
were 60% and 81.6%, respectively (Table 1). Lesion size
predicted survival likelihood and duration. The log-rank
test showed longer durations (p Z 0.000) of survival for
hips with small- or medium-sized lesions than for hips with
large lesions (Figure 2C). The survival rates for hips with
small lesions, medium-sized lesions and large lesions were
100%, 88.9% and 60.0%, respectively (Table 1). The log-rank
test showed longer durations (pZ 0.000) of survival for hips
with type A, B or C1 necrotic lesions than for those with
type C2 necrotic lesion (Figure 2D). The survival rate for
hips with type A or B necrotic lesions was 100%. The survival
rates for hips with type C1 and C2 necrotic lesions were
76.2% and 20.0%, respectively (Table 1).

There was no association among bone collapse and pa-
tients’ age, gender, weight, aetiology of ONFH, length of
follow-up or ONFH stage (Table 2). When all the possible
factors were analysed together with a Cox model, the
extent of large necrotic lesions (hazard ratio, 3.39; 95%
confidence interval, 1.43e16.21) and the location of type
C2 necrotic lesions (hazard ratio, 4.12; 95% confidence in-
terval, 2.64e18.91) were risk factors for collapse.
Discussion

Currently, there is controversy regarding the pivotal issue
of whether a trial of conservative treatment or hip
Figure 3 A 34-year-old man who received steroid therapy for n
roposterior radiographs show bilateral asymptomatic hips with st
medicine for two years, the patient was free from symptoms and ha
radiographs and anteroposterior radiographs four and a half years
symptoms and had no radiographic progression of the left femoral h
leg lateral radiograph, not on an anteroposterior radiograph. (D) MR
Until eight years later, the patient was free from symptoms and h
MRI Z magnetic resonance imaging.
preserving surgery should be instituted for patients with
asymptomatic ONFH [22,23]. There is also considerable
disagreement about which type of preservation treatment
is appropriate for asymptomatic ONFH with no joint
collapse [17,24]. One prospective study proposed that
there is no significant difference between the failure rates
of simultaneous bilateral core decompression and bone
grafting for the asymptomatic side and the contralateral
symptomatic side of each patient [22]. These findings
demonstrate that both kinds of surgical treatment for
asymptomatic ONFH are unpredictable, and conservative
therapies seem to be more favourable. Our view is in
accordance with previous studies that considered that
preventive intervention for asymptomatic ONFH was a
necessary action [25]. Owing to the required indications for
surgery, it is more reliable and feasible to select conser-
vative treatment under the precondition of indeterminate
indications.

Conservative treatment mainly includes weight-bearing
restriction, extracorporeal shock wave (ESW) therapy and
drug therapy [23]. First, weight-bearing restriction as a
stand-alone therapy is inadequate for preventing ONFH
progression, but it might be more useful if combined with
medical management or surgery [26]. Second, as a safe and
noninvasive method of biophysical stimulation, ESW ther-
apy has been shown to promote bone repair in necrotic
femoral heads of rabbits through the proliferation and
activation of osteoblasts in histomorphometric analysis
ephrotic syndrome. (A) Frog-leg lateral radiographs and ante-
age I disease at his initial diagnosis. (B) After taking Chinese
d no collapse of the femoral heads bilaterally on frog-leg lateral
later. (C) Six and a half years later, the patient was free from
ead, but collapse of the right femoral head was seen on a frog-
I image of the suffered hip obtained at his initial diagnosis. (E)
ad good function.



Figure 4 A 38-year-old man who received steroid therapy for brainstem encephalitis. (AeC) Anteroposterior radiograph and frog-
leg lateral radiograph showing a right asymptomatic hipwith stage II disease at his initial diagnosis. The patient took Chinesemedicine
for two years, and radiographs taken seven years and ten years later showed no progression to collapse of the femoral head. (D) MRI
image of the suffered hip obtained at his initial diagnosis. (E) The patient was free from symptoms and had good function.
MRI Z magnetic resonance imaging.
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[27,28]. Clinically, ESW improves motor function and re-
lieves pain in patients with early-stage ONFH but has
limited effects for healing necrosis. Third, previous studies
have demonstrated that antiresorptive drugs such as
alendronate effectively prevent early collapse of the
femoral head in patients with ONFH and delay the time
until total hip replacement [29]. In contrast, one random-
ized controlled trial and one meta-analysis demonstrated
Table 1 Fate of asymptomatic ONFH according to Stein-
berg stage, extent and location of necrotic lesion for HXTL
capsule-treated patients.

Variables Hips Pain Collapse

Total hips 59 5 (8.5%) 13 (22.0%)
Stage
Stage I 10 (16.9%) 2 (20.0%) 4 (40.0%)
Stage II 49 (83.1%) 3 (6.1%) 9 (18.4%)
Extent
Small (less than 15%) 7 (11.9%) 0 (0) 0 (0)
Medium (15e30%) 27 (45.8%) 2 (7.4%) 3 (23.1%)
Large (greater

than 30%)
25 (42.4%) 3 (12.0%) 10 (76.9%)

Location
Type A 3 (5.1%) 0 (0) 0 (0)
Type B 25 (42.4%) 0 (0) 0 (0)
Type C1 21 (35.6%) 2 (9.5%) 5 (23.8%)
Type C2 10 (16.9%) 3 (30.0%) 8 (80.0%)

ONFH Z osteonecrosis of the femoral head.
that alendronate had no obvious effects on relieving clinical
symptoms, reducing disease progression or preventing the
necessity for total hip arthroplasty [30,31]. Similarly, a
recent randomized controlled trial illustrated that zoledr-
onate did not prevent collapse of the femoral head during
early-stage ONFH or reduce the need for total hip arthro-
plasty [32]. Only teriparatide was discovered to have
greater pharmacological effects than alendronate for
treating ONFH and preventing bone collapse [33].

By comparison, Chinese medicine has been long and
widely utilized in Asia to improve bone homoeostasis by
relieving pain and controlling disease progression in ONFH
[34,35]. As one kind of particular therapy, Chinese medi-
cine with vasoactive function has strong potential to clarify
the healing capacity of necrotic bone by promoting angio-
genesis in tissues. As mentioned, ischaemia in osteonecrosis
is the main feature throughout the whole dynamic patho-
logical process, and a vasoactive agent is efficient for
promoting revascularization [36]. Specifically, a vasoactive
agent is able to rebuild or promote vascular channel,
trigger the active of angiogenesis in necrosis area and
improve the potential for bone repair thought the cross-talk
of endothelial cells and osteocytes [30]. Hence, a vasoac-
tive agent is one kind of important therapy for ONFH. Here,
we explored the administration of a vasoactive herbal for-
mula HXTL capsule with seven powerful herbal compounds,
which is a preparation produced by our hospital, and
assessed its medical effects on the progression of ONFH.

Our prospective study showed the potential of HXTL
capsule to prevent clinical symptoms and the progression of
bone collapse progression in treated patients compared



Table 2 Relationship between the final status of femoral head and various clinical and radiographic parameters for patients
with asymptomatic ONFH.

Patient characteristics No collapse Collapse p

Number of hips: 59 46 hips (78%) 13 hips (22%) d

Age (years) 36.2 � 10.7 36.8 � 8.1 0.852
Males:females (no.) 31:12 8:4 0.714
Weight (kg) 62.4 � 11.5 60.8 � 9.9 0.628
Aetiology (steroid:alcohol:idiopathic) (no.) 22:9:15 10:1:2 0.177
Follow-up period (years) 6.8 � 2.2 6.1 � 1.7 0.297
Stage (I:II) (no.) 6:40 4:9 0.505
Extent (small:medium:large) (no.) 7:24:15 0:3:10 0.014
Location (Type A:B:C1:C2) (no.) 3:25:16:2 0:0:5:8 0.000

ONFH Z osteonecrosis of the femoral head.
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with those patients in the historical cohort. We found that
most patients treated with daily HXTL capsule did not have
worse clinical or radiographic progression of ONFH during
short-term to midterm follow-up. The failure rates of
clinical and radiographic progression were both lower than
those reported in previous studies (Table 3). In our study,
only 5 out of 59 (8.5%) hips were symptomatic, and 13 hips
(22.0%) had bone collapse. The rates of clinical and radio-
graphic improvement in the patients in this study were
markedly enhanced compared with those of the controls in
the historical cohort [21]. In terms of the Steinberg stage
classification, one other study suggested that pain occurred
in 88% of patients and bone collapse occurred in 73% of
patients with asymptomatic hips with Steinberg stage I
disease [37]. Jergesen et al [38] reported that 73.7% of
asymptomatic hips with Steinberg stage II disease had
clinical progression and that 42.1% had bone collapse. In
our report, only 20% of hips with Steinberg stage I disease
were associated with pain syndrome, and 40% had bone
collapse. Approximately 6.1% of patients with stage II dis-
ease became symptomatic, and 18.4% had collapse.

In terms of the possible factors affecting the outcomes
of our study, multiple studies have concluded that bone
collapse usually occurs in lesions with a larger area of ne-
crosis and a more lateral location of the weight-bearing
surface of the femoral head [15,39]. In Steinberg stage I
disease, it has been reported that the risk of bone collapse
Table 3 Review of the literature regarding outcomes in patien

Authors Year Number of hips Length of follow-

Kang et al 2013 68 2.27
Min et al 2008 81 8.3
Nam et al 2008 105 8.58
Hernigou et al 2006 121 14
Hernigou et al 2004 40 11.5
Yoshida et al 2002 24 4.25
Jergessen et al 1997 19 2.96
Sugano et al 1994 149 5.2
Takatori et al 1993 32 0.9
Ohzono et al 1992 115 5.25
Our data 2017 59 4.38

ONFH Z osteonecrosis of the femoral head.
increases with an increasing necrotic lesion size. The
development of pain is also positively related to a 5% area
of necrosis for small lesions (<30% of the area of the
femoral head), 46% for medium-sized lesions (30%e50% of
the area) and 83% for large lesions (>50% of the area) [40].
In our study, we measured this relationship by using the
Steinberg stage classification [19]. We found that the inci-
dence of pain was low to 0% in patients with small lesions
(<15% of the area of the femoral head), 7.4% for those with
medium-sized lesions (15%e30%) and only 12% for those
with large lesions (>30%). While various classification
schemes and intervention methods may be used by
different researchers, the comparison of results empha-
sizes the distinguishing use of HXTL capsule for preventing
asymptomatic ONFH of any lesion size.

Lesion location is another critical factor and potential
indicator of outcome during ONFH treatment [39]. After
Sugano first proposed the revised classification system of
necrotic lesion location in 2001, most researchers adopted
his scheme for evaluating lesion location. If the lesion oc-
cupies the lateral portion of the femoral head, it is likely
predictive of deterioration of ONFH. Min et al [21] reported
that the development of pain in 81 asymptomatic hips was
0% for patients with type A disease, 3% for those with type
B, 13% for those with type C1 and 100% for those with type
C2, and the incidence of collapse was 0% for patients with
type A disease, 0% for those with type B, 13% for those with
ts with untreated asymptomatic ONFH.

up (years) Symptomatic progression (%) Collapse (%)

55.9 Not reported
38.3 32.1
59.0 Not reported
91.0 77.0
88.0 73.0
29.0 4.0
74.0 42.0
Not reported 80.5
Not reported 44.0
Not reported 67.8
8.5 22.0
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type C1 and 86% for those with type C2. Our data showed
that all patients with type A and type B hips did not develop
pain and collapse under treatment with HXTL capsule.
Furthermore, the risk of pain and collapse was lower in type
C1 lesions than in type C2 lesions (9.5% vs. 30.0% and 23.8%
vs. 80.0%, respectively).

Hence, we further confirmed that the extent and loca-
tion of necrotic lesions are important prognostic factors
after the treatment of HXTL capsule. As reported, bone
collapse was more likely to occur in hips with large necrotic
lesions, but poor outcomes may also be found in patients
with medium-sized lesions if the necrotic area involves the
lateral portion of the femoral head. Furthermore, we found
that in five of 59 asymptomatic hips in patients with ONFH,
initial pain was associated with bone collapse within
several days. This suggests that the initial pain syndrome in
an asymptomatic hip may be suggestive of the risk of bone
collapse, even though the mechanism still needs to be
elucidated. In these cases, we recommend that physicians
evaluate patients immediately after the onset of pain and
provide an appropriate Traditional Chinese Medicine
treatment to prevent further collapse.

Taken together, our results highlight that the adminis-
tration of the vasoactive herbal formulas HXTL capsule for
patients with the early stages of asymptomatic ONFH can
significantly suppress pain and necrosis progression towards
joint collapse in short term to midterm. The vast majority
of patients who received oral HXTL capsule remained
asymptomatic for more than four years. It should also be
noted that HXTL capsule administration did not perform
well for large lesions with a lateral location. In addition,
multicentre prospective studies with long-term follow-up
are necessary to elucidate the potential benefits of HXTL
capsule treatment in asymptomatic ONFH.
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