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Abstract

Background: Acupuncture is applied for treating numerous conditions in children, but few studies have examined
the safe needling depth of acupoints in the pediatric population. In this study, we investigated the depths to which
acupuncture needles can be inserted safely in the upper back acupoints of children and the variations in safe depth
according to sex, age, weight, and body mass index (BMI).

Methods: We retrospectively studied computed tomography (CT) images of patients aged 4 to 18 years who
underwent chest CT at China Medical University Hospital between December 2004 and May 2013. The safe depths
of 23 upper back acupoints in the Governor Vessel (GV), Bladder Meridian (BL), Small Intestine Meridian (SI),
Gallbladder Meridian (GB) and Spleen Meridian (SP) were measured directly from the CT images. The relationships
between the safe depths of these acupoints and sex, age, body weight, and BMI were analyzed.

Results: The results indicated significant differences in safe needling depth between boys and girls in most upper
back acupoints, except at BL42, BL44, BL45, BL46, GB21 and SP21. Safe depths differed significantly depending on
age (p <0.001), weight (p <0.01), and BMI (p < 0.05). Multiple regression analysis revealed that weight was the most

crucial factor in determining the safe depth.

Conclusions: Sex, age, weight, and BMI are relevant factors in determining the safe needling depths of upper back
acupoints in children. Physicians should pay attention to wide variations in needle depth when performing acupuncture.
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Background
Acupuncture is a traditional Chinese medical practice
that has been used to treat numerous diseases in China
for thousands of years. The practice has gained popularity
in Western countries and become one of the most popular
forms of complementary and alternative therapy. Acu-
puncture has been applied to treat several conditions in
children, including pain, nocturnal enuresis, postoperative
nausea and vomiting, allergic rhinitis, laryngospasm, and
neurological disorders [1, 2]. Thus, the safety of acupunc-
ture is critical and should be considered carefully regard-
ing pediatric patients.

Acupuncture may cause serious adverse events includ-
ing subarachnoid hemorrhages, pneumothorax, cardiac
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ruptures, nerve impairment, intestinal obstruction,
hemoptysis, reversible comas, and infection [3]. Pneumo-
thorax is the most frequent organ injury caused by acu-
puncture [4]. Acupoints over upper back used to be applied
for cough, dyspnea, backache and shoulder pain. Hence,
studying the safe depths of acupoints over upper back is
critical to prevent serious and common complications, such
as pneumothorax from acupuncture.

The depths of acupunture needling recorded in ancient
references have variations and there was no difference
between different body sizes. Besides, no references were
specific for children. In clinical practice, the depths of
needling were usually performed according to practi-
tioners’ experiences and patients’ responses. However,
children usually cannot response properly to the needling
stimulation. There were risks for serious complications
such as pneumothorax or organ damage. Therefore, we
want to establish data of the safe needling depth, consider-
ing the factors of sex, age, weight and BMI in children.
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Fig. 1 Total 23 acupoints over upper back. The figure was adapted from “Review on the history and practice of the needling depth of acupoints” [25]
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In children, the physical development process may
cause changes in lean muscle mass and fat volume [5].
Particularly during puberty, the sexual dimorphism of
body composition and the wide time range of pubertal
onset cause wide variations in fat volume, muscle mass,
and their distribution [6]. Such variations may be highly
complex and may influence safe needling depth. Such
difficulties are not encountered when treating adults.

Most previous studies on safe needling depth have
involved small sample sizes and adult groups [7, 8]. One
study measured the safe depths of back loci in adults,
finding differences depending on body size but not sex

Table 1 General characteristics of patients

Characteristics Subjects numbers

Gender
Male 205
Female 114

Age (years old)

4-6 79
7-9 45
10-12 30
13-15 56
16-18 109
Weight
<3rd percentile 32
3-<85th percentile 215
85-<97th percentile 42
297th percentile 29
BMI
Underweight 52
Healthy weight 186
Overweight 18
Obesity 30

[9]. Few studies have evaluated safe needling depth in
children. Only two studies measuring the safe depths
and therapeutic depths of abdomen acupoints have
included pediatric populations [10, 11]. In this study, we
included large sample sizes of children and measured
the safe depths of upper back acupoints by analyzing

Table 2 Safe depths of 23 upper back acupoints of sexes

Acupoints Boys Girls P value
Mean =S.D. Mean =S.D.

GV9 27.78 £8.88 2487 £7.83 0.003°
GV10 2854 + 847 2602+7.67 0.009°
GV 28.17 £821 25.88+7.04 0.009°
GV12 3045 £9.90 28.03£8.24 0.028°
GV13 3361 £10.07 30.59+£9.11 0.008°
GV14 33811057 30.70+10.68 0012°
BL11 33.39+£1048 2895+ 867 <0.001°
BL12 3561 +£961 3233+£8.09 0.001°
BL13 2854+7.08 2641+538 0.003°
BL14 2492 +795 2269+6.63 0.008°
BL15 2548 +6.57 2393 +541 0.024°
BL16 2415+7.19 21.89+6.24 0.004°
BL17 2537 +6.87 23.62+6.20 0.021°
BL41 30.86 £9.20 2821+7.89 0.010°
BL42 28.02 +8.69 2648 +7.25 0.110
BL43 2468 +7.54 2295+6.75 0.043°
BL44 2031+7.79 19.19+7.01 0.202
BL45 1845+ 7.07 1762 +6.50 0300
BL46 18.16+6.63 1696 +6.12 011
SI4 3682+ 1223 32.51+£1081 0.002°
SIS 3875+12.10 34.74+£1047 0.003?
GB21 28.01£9.37 2661 £881 0.192
SP21 19.48 +4.39 18.84 +4.56 0216

Unit of mean + SD: mm
Statistically significant
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computed tomography (CT) scans. We also evaluated
the variations in safe depth according to sex, age, weight,
and body mass index (BMI).

Methods
Study population
All patients aged 4 to 18 years who underwent chest CT
between December 2004 and May 2013 at China Med-
ical University Hospital (CMUH) were identified. These
patients underwent CT scans for evaluating an acute
chest or upper back condition such as acute accidental
injuries, pneumothorax, pneumonia, and cardiac diseases.
Patients with back trauma or chronic oncological diseases
were excluded because of the possible effect on the thick-
ness of subcutaneous tissues and muscles in the back.
Thus, we included 4 to 18 years patients who underwent
chest CT between December 2004 and May 2013 at
CMUH without back trauma or chronic oncological
diseases.

The age, sex, height and body weight of each patient
were obtained from chart records. BMI was measured

Table 3 Safe depths of 23 upper back acupoints of age groups
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according to weight (kg)/height® (m?). Patients were
divided into five groups according to age in years: 4—6,
7-9, 10-12, 13-15, and 16-18 on the basis of previous
references [10, 11]. Patients were also divided into four
weight groups according to growth charts for Taiwanese
children and adolescents [12]: below the third percentile,
from the third percentile up to the 85th percentile, from
the 85th percentile up to the 97th percentile, and at or
above the 97th percentile. Patients were divided into
four BMI groups according to the same charts: under-
weight, defined as below the fifth percentile; healthy
weight, defined as from the fifth percentile up to the
85th percentile; overweight, defined as from the 85th
percentile up to the 95th percentile; and obese, defined
as at or above the 95th percentile [12, 13]. The data were
anonymized and this study was approved by the
Research Ethics Committee of CMUH.

Measurement of safe depths at upper back acupoints
Acupoints were located according to a classic Chinese
acupuncture technique called Tong Shen Cun (cun).

Points 4-6y/o (n=79) 7-9 y/o (n=45) 10-12 y/o (n=30) 13-15 y/o (n=56) 16-18 y/o (n=109) P value
Mean = S.D. Mean = S.D. Mean = S.D. Mean = S.D. Mean =S.D.
GV9 19.31+284 2332+6.17 2720754 29.83+£804 31.83+£855 <0.001°
GV10 20.70 £ 3.62 23.64+493 2886+ 6.12 29.88+7.74 32.84+£831 <0.001°
GV11 22.14+£4.80 2296 £452 2770+6.19 2956 +7.56 31.71+£829 <0.001°
GV12 2226+454 2593 +£5.59 30.75+7.58 3240+873 3463+ 10.16 <0.001°
GV13 23.02+559 29.18+7.70 35.75+£825 35.78£7.99 3826 £ 865 <0.001°
GV14 2326+495 2657 £8.05 33.20+£948 37.83+879 39.29+9.54 <0.001°
BL11 2493 £544 28.71£800 31.29+£7.86 36.07 £10.53 36.01£10.63 <0.001°
BL12 2854+850 3257+848 3443+£824 37.74+£856 3778 +833 <0.001°
BL13 2482+274 2501 £3.00 2653 £4.55 2917 +757 3068 £ 804 <0.001°
BL14 18.90 + 2.66 21.35+£432 24.67 £6.53 2642 +8.14 27.71+848 <0.001°
BL15 20.94 £ 346 2342457 2445 +536 26.72 £ 645 2765+6.78 <0.001°
BL16 1823276 21.12+£504 23.96+537 2532+726 26.79+7.50 <0.001°
BL17 19.14+2.85 22.56 £4.03 25.60+5.33 2698 +6.76 2833+6.89 <0.001°
BL41 2477 £3.51 2532+599 27.74 £ 644 3375+896 3417 £995 <0.001°
BL42 2197 +£3.88 2486 £550 2820+7.28 2949 +8.15 31.30+£9.28 <0.001°
BL43 1941 +374 21.92+432 24.29+6.19 25.60+7.95 2746 +8.14 <0.001°
BL44 1521+567 1872 +542 19.68 +5.99 21.65+7.61 2299+ 804 <0.001°
BL45 13.14£339 1584 £447 1943 £647 20.26 +6.46 21324753 <0.001°
BL46 1274235 1524+ 358 19.34 +6.04 19.53 £645 21.01+£7.00 <0.001°
Sh4 2630+6.29 30.88£9.25 34.18+£10.28 4032+ 1141 4131+£1191 <0.001°
S5 2692 £4.94 3177 £765 3952+9.72 43.85+12.10 4317 +1054 <0.001°
GB21 20.84+3.25 23.70£4.99 30.16+£9.14 2894 +897 3245+ 10.06 <0.001°
SP21 1697 +2.89 1688+ 2.18 19.89+3.25 19.99 +4.44 2134+517 <0.001°

Unit of mean £ SD: mm
Statistically significant
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The back transverse Tong Shen Cun is one-sixth of the
shortest distance between the two scapulae. The back
vertical Tong Shen Cun is located using vertebral
spinous processes. The safe depths of acupoints in the
Governor Vessel (GV) are defined as the distance from
the skin surface of the acupoint to the epidural layer.
The safe depths of other acupoints in the upper back are
defined as the distance from the skin surface of acu-
points to the pleura.

Twenty-three back acupoints located in the GV, Bladder
Meridian (BL), Small Intestine Meridian (SI), Gallbladder
Meridian (GB) and Spleen Meridian (SP) were measured.
Patients diagnosed with pneumothorax were measured on
the healthy side of their backs. GV14, GV13, GV12,
GV11, GV10, and GV9 were located at the central points
between the spinous processes of C7 and T1, T1 and T2,
T3 and T4, T5 and T6, T6 and T7, and T7 and T8, re-
spectively. The BL was 1.5 and 3 cun lateral to the GV.
For example, BL13 and BL42 were 1.5 and 3 cun lateral to
the GV12. SI15 was 2 cun lateral to GV14 and SI14 was 3
cun lateral to GV13. GB21 was located at the midpoint of
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the line between the C7 and the lateral end of acromion.
Sp21 was located at intersection of the sixth intercostal
space and the midaxillary line (Fig. 1).

The CT machines used at CMUH were the Optima
Speed CT Scanner (GE Healthcare, General Electric,
USA), Optima CT660 (GE Healthcare) and Light Speed
16 CT Scanner (GE Healthcare). All CT images were
captured in the transverse plane and body positions of
all the participants were supine. The section thickness
between each image was 5 mm. Safe depths were mea-
sured by examining the CT images on a Picture Archiv-
ing and Communication System (PACS) monitor
(Realsync, Taiwan).

Statistical analysis

The safe depths of acupoints among different age,
weight, and BMI groups were analyzed using a one-way
analysis of variance. Student’s t tests were used to
compare the safe depths of acupoints between boys and
girls. Multiple regression models were used to analyze

Table 4 Safe depths of 23 upper back acupoints in different weight groups

Points <3rd (n=32) 3-<85th (n=215) 85-<97th (n=42) >97th (n=29) P value
Mean £ 5.D. Mean £SD. Mean £SD. Mean £5.D.

GV9 23.95+5.74 26.00 £ 7.55 29.07 £9.61 32.00 £ 13.69 <0.001°
GV10 25.88 +5.85 2645+7.16 3051818 34.18+£13.32 <0.001°
GV11 2498 +5.10 2641 +6.55 29.28 +897 3425+ 1274 <0.001°
GV12 27.58 £6.53 28.12+£6.65 3247 £9.81 3848 £19.01 <0.001°
GV13 3021 +823 3125+ 844 3547 +9.16 4042 +£16.13 <0.001°
GV14 31.31+£9.68 31,66 +9.36 34.88+12.04 3863+ 16.11 0.004°

BL11 2999+9.18 3087 £ 857 33.96 £ 1081 3751 £16.68 0.003°

BL12 33.08 £9.92 33.58+833 3621 +889 39.23+£12.94 0.007°

BL13 26.25+4.70 26.96 +4.99 29.26 +£6.82 3351+1284 <0.001°
BL14 21.86+544 2345 %648 2599+ 842 28.99 £ 1237 <0.001°
BL15 22.86+4.42 24134520 2728+6.72 29.73+10.12 <0.001°
BL16 2136+525 22.50+5.90 2542+7.59 2889+ 10.86 <0.001°
BL17 2223457 2413 +6.07 26.70+6.78 29.35+9.86 <0.001°
BL41 2645 +532 29.14+7.03 31.83+1067 36.77 £1545 <0.001°
BL42 2459+ 571 26.38+6.55 29.53+6.86 35741550 <0.001°
BL43 2217 £495 23.00+534 26.11+825 3098 +13.86 <0.001°
BL44 1710+ 424 19.06+6.13 2228 +8.10 2590+ 1345 <0.001°
BL45 1501 +4.16 17.28+557 20.52+7.03 2472+11.74 <0.001°
BL46 1541 +£4.58 16.80 +4.87 20.12£6.69 2366+ 12.14 <0.001°
SIt4 31.64+957 33.98 +£9.68 3757 +£1213 4552 +20.78 <0.001°
S5 35.12+10.03 36.39+10.09 3822+12.86 451541852 0.001°

GB21 2540£945 2632+7.88 31.09 +£9.68 3327 £13.27 <0.001°
SP21 1797 £4.26 1883 +4.12 2026 £4.15 2246 +5.89 <0.001°

Unit of mean £ SD: mm
Statistically significant
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whether sex, age, weight, or BMI are relevant factors in
determining the safe depths of acupoints. Statistical ana-
lyses were performed using the SPSS software package,
Version 18.0 (SPSS Inc., Chicago, IL), and p < 0.05 was
considered significant.

Results

A total of 319 patients (205 boys and 114 girls) aged 4
to 18 years were included in this study. The general
characteristics of the patients are shown in Table 1.

The mean and standard deviation of the safe depths of
boys and girls at 23 back acupoints are listed in Table 2.
The shallowest and greatest depths of both sexes were at
BL46 and SI15, respectively. Among the upper back
acupoints, the deepest safe depth was 2.13 times in boys
and 2.05 times in girls than the shallowest one. The safe
depths of most back acupoints differed significantly
between boys and girls, except BL42, BL44, BL45, BL46,

Table 5 Safe depth of 23 upper back acupoints of BMI groups
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GB21 and SP21. All 23 acupoints in boys were deeper
than in girls.

Safe depths significantly differed among age groups
(p<0.001; Table 3). Almost all safe depths significantly
correlated with an increase in age. The safe depth was
greater in those who are older.

Safe depths significantly differed between weight
groups (p<0.01; Table 4) and significantly increased
with weight at all 23 acupoints. Safe depths among those
weighing above the 97th percentile were between 1.19
(BL12) and 1.65 (BL45) times deeper than among those
weighing below the third percentile.

Safe depths also significantly varied between BMI
groups (p <0.05; Table 5). An increase in BMI was
significantly correlated with increased safe depth. Safe
depths in the obese group were between 1.18 (BL12)
and 1.47 (BL44) times deeper than in the underweight

group.

Points Underweight® (n=52) Healthy vveightb (n=186) Overweight (n=18) Obesityd (n=30) P value
Mean £S.D. Mean £ S.D. Mean £ S.D. Mean £ S.D.

GVv9 2440+ 594 2621+773 2942 +10.63 30.92+12.99 0.003¢
GV10 2527 £547 26.75+7.21 3051 +£8.62 3358+ 1214 <0.001°¢
GV11 2523 £502 26.38 +£6.94 3047 £ 826 3340+11.82 <0.001¢
GV12 2691 +5.80 2854 +6.89 3223+925 36.78+17.38 <0.001¢
GV13 3062+7.26 31.61+836 34.86 +£9.39 3870+ 14.71 <0.001¢
GV14 3026 £9.19 31.84£9.39 33.86+13.01 3880+ 14.75 0.002¢
BL11 30.25+839 30.90 £8.96 3394+11.20 3766+ 1518 0.003¢
BL12 32.78+9.13 33.86 £ 852 33.92 £ 854 38571170 0.037¢
BL13 26.09+4.78 27.06 £4.89 28.94 £ 744 3322+12.10 <0.001¢
BL14 2272 +591 2333 +6.60 2668 +8.13 29.00+11.85 <0.001¢
BL15 2262 +381 2457 £535 26.70 £ 6.67 29.78 £9.61 <0.001°¢
BL16 2198 £531 2237 +6.17 2630+ 6.86 2862 +10.07 <0.001¢
BL17 2321 +498 2420+ 6.00 2635+6.94 29.03+9.72 <0.001¢
BL41 27.33+567 2916+ 741 3241+£10.18 3588+ 14.86 <0.001°¢
BL42 2542 +6.23 2660+06.51 30.06 £6.90 3292+13.70 <0.001¢
BL43 2198 +4.87 2290+ 556 27.11 £ 6.64 30.25+13.17 <0.001¢
BL44 1759+4.86 1899+6.29 23.29+790 25.85+12.07 <0.001¢
BL45 1598 +4.77 1742 563 21.73+697 2289+ 1149 <0.001¢
BL46 16.15+4.54 16.94 £ 5.00 19.67 £ 6.69 22711153 <0.001¢
Sh4 3240+9.29 33.88+9.94 39.87+£12.20 4261+1858 <0.001¢
SIS 3525901 3641+ 1049 3954+ 11.60 4526 +£18.02 <0.001¢
GB21 2643 +£852 2667 £ 811 31.23+11.01 3141+1284 0.012°
SP21 19.36 +4.86 1876 £4.03 2040 +£4.55 2068+ 550 0.086

Unit of mean £ SD: mm
2Underweight: patients with BMI below the fifth percentile

PHealthy weight: patients with BMI from the 5th percentile up to the 85th percentile

“Overweight: patients with BMI from the 85th percentile up to the 95th percentile

4Obese: patients with BMI at or above the 95th percentile
CStatistically significant
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We performed multiple regression models to
analyze whether age, sex, weight, and BMI are rele-
vant factors in determining the safe depths of
acupoints. The results revealed that weight was
significantly correlated with safe depth at all 23
acupoints. (Table 6) Thus, weight was the most cru-
cial factor in determining the safe depths of upper
back acupoints.

Discussion

Performing acupuncture on back acupoints has been
demonstrated to be an effective alternative therapy for
local myofascial pain [14, 15], asthma, allergic rhinitis
[16], and tuberculosis consumptive diseases [17]. As the
popularity of acupuncture increases, the importance of
determining the safe depths of acupoints also increases,
particularly the safe depths in the upper back. Acupunc-
ture on the upper back may cause pleural and lung in-
juries [18, 19]. In pediatric groups, safe needling depths
vary largely because of rapid changes in body size and
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shape. This study is the first to estimate the variations in
the safe depths of upper back acupoints according to
sex, age, weight, and BMI in children aged 4 to 18 years.
We observed boys had deeper safe depth than girls. The
safe depths were greater among older groups, heavier
weight groups, and higher BMI groups.

The safe depths of all upper back acupoints in boys
were deeper than in girls, and all such differences were
significant, except at BL42, BL44, BL45, BL46, GB21 and
SP21. Girls tend to accumulate more total body and sub-
cutaneous fat, which is deposited mainly in the gynoid
region and thigh during and after puberty. However,
among boys, more fat is deposited in the upper segment
of the body, both subcutaneously and intraabdominally,
and more total lean and muscle mass is developed in
this period [5, 20]. The greater amount of muscle mass
and trunk fat among boys could explain this difference
between the sexes, which has not been observed in stud-
ies on pediatric abdomen acupoints [10] or adult back
acupoints [9].

Table 6 Multiple regression analysis for safe depths of 23 upper back acupoints

Points Variables in multiple regression model
Age Weight BMI Sex (male vs female)
395 % Cly B (95 % Cl) 395 % Cl) B (95 % Cl)
P value P value P value P value

GV9 —0.06 (-0.38-0.26) 0.716 033 (0.22-043) <0.001* 0.08 (-0.16-0.32) 0.527 —0.60 (—2.15-0.95) 0.446

)
1-0.28) 0927
)

GV10 —0.01 (-0 0.28 (0.18-0.38) <0.001*
GV —0.25 (=0.55-0.05) 0.100 031 (0.22-041) <0.001*
GV12 —0.14 (-0.48-0.20) 0412 0.34 (0.23-0.45) <0.001*
GV13 0.27 (-0.07-0.60) 0.114 0.27 (0.16-0.38) <0.001*
GV14 0.46 (0.05-0.86) 0.027* 0.26 (0.13-0.39) <0.001*
BL11 —-0.07 (-0.50-0.37) 0.757 0.29 (0.15-0.44) <0.001*
BL12 0.18 (-0.24-0.60) 0.395 0.19 (0.06-0.33) 0.005*

BL13 —0.51 (-0.78—-0.24) <0.001* 031 (0.22-0.40) <0.001*
BL14 —0.32 (-0.62- —0.01) 0.044* 0.32 (0.22-0.42) <0.001*
BL15 —0.33 (-0.58- —0.09) 0.008* 0.25 (0.17-0.33) <0.001*
BL16 —0.16 (-0.44-0.12) 0.253 0.24 (0.15-0.33) <0.001*
BL17 —0.22 (-0.47-0.03) 0.078 0.29 (0.21-0.37) <0.001*
BL41 —0.51 (-0.86- —0.16) 0.005* 043 (0.31-0.54) <0.001*
BL42 —0.32 (-0.64- —0.01) 0.046* 0.33 (0.23-0.44) <0.001*
BL43 —0.32 (-0.62- —-0.02) 0.036* 0.28 (0.19-0.38) <0.001*
BL44 —0.36 (-0.68- —0.04) 0.026* 0.29 (0.18-0.39) <0.001*
BL45 —0.40 (-0.67- —0.14) 0.003* 0.34 (0.25-042) <0.001*
BL46 —0.31 (=0.55- =0.07) 0.012* .31 (0.23-0.38) <0.001*
Sh4 —0.10 (-0.56-0.36) 0.674 041 (0.26-0.56) <0.001*
S5 0.20 (-0.26-0.66) 0.383 0.34 (0.20-0.49) <0.001*
GB21 —0.26 (-0.64-0.13) 0.189 0.39 (0.26-0.51) <0.001*
SP21 —0.04 (-0.24-0.16) 0.695 0.14 (0.08-0.21) <0.001*

0.23 (0.01-045) 0.038*
0.19 (-0.04-0.41) 0.098
0.21 (-0.04-047) 0.101
0.27 (0.02-0.52) 0.035*
0.17 (-0.13-0.48) 0.261
0.10 (-0.22-0.43) 0.531
0.02(-0.30-0.33) 0.927
0.04 (-0.16-0.24) 0.700
0.037 (=0.19-0.27) 0.755
0.20 (0.01-0.38) 0.035*
0.20 (-0.01-0.40) 0.065
0.05 (-0.14-0.23) 0.609
—0.08 (=0.35-0.19) 0.553
0.06 (-0.17-0.30) 0.598
0.13 (-0.09-0.36) 0.242
0.138 (=0.10-0.38) 0.256
0.00 (-0.20-0.20) 1.000
—0.01 (=0.19-0.18) 0.938
0.13 (-0.22-0.47) 0473
0.18 (-0.16-0.53) 0.300
—0.17 (-046-0.12) 0.249
—-0.07 (-0.22-0.09) 0.389

(-2 )
—0.85 (=2.27-0.57) 0.241
—1.05 (-249-039) 0
—141 (=3.06-0.24) 0.093

(=245-0.81) 0.324
—0.61 (=2.58-1.36) 0.544
1.34 (-0.78-3.46) 0.213
1.06 (-0.97-3.09) 0.304
—0.52 (-1.83-0.80) 0.442
—0.82 (-2.31-0.68) 0.284
—-0.77 (=1.96-042) 0.201
—0.142 (-1.48-1.20) 0.835
—1.16 (=2.36-0.04) 0.057
4 (-2.86-0.57) 0.191
—1.69 (-3.23- -0.14) 0.032*
—0.97 (-242-047) 0.186
2(=3
(=
-

-0.82

.17--0.07) 0.040*
—2.25 (-3.53- -0.98) 0.001*
—1.66 (=2.84- —0.47) 0.006*
0.03 (-2.21-2.27) 0.978
—0.22 (-2.45-2.00) 0.846
—2.12 (=3.99- -0.25) 0.026*
—0.57 (=1.55-041) 0.254

*Statistically significant B regression coefficient, C/ confidence interval
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Safe depth significantly differed among age groups and
was significantly correlated with an increase in age for
nearly all acupoints. Age influences safe depths because
muscle mass and subcutaneous adipose tissue increase
with age [5] among children. However, age need not be
considered when determining the safe depths in adults.

Safe depths significantly differed between weight
groups and significantly increased with weight at all 23
acupoints. Thicker fat or muscle tissue layers in heavier
children may explain this observation, which is compatible
with the results of an adult study in which the safe depths
of back acupoints were related to body size [9]. At BL42,
BL44, BL45, and BL46, the safe depths of patients weigh-
ing above the 97th percentile were approximately 1.5-1.6
times the safe depths of those weighing below the third
percentile. Clinicians should be aware of these weight-
related differences and the risk of pneumothorax when
performing acupuncture in this area of the body.

The BMI characterizes the relative proportion of child’s
weight and height percentile for age and sex. The BMI is
the optimal clinical standard for diagnosing obesity in
children and adolescents [21, 22]. We found that increas-
ing BMI was significantly correlated with increased safe
depths. At BL43, BL44, BL45, and BL46, the safe depths in
the obesity group were approximately 1.4-1.5 times
deeper than those in the underweight group. This result
was similar to that in the weight group.

Multiple regression analysis revealed that weight was
the most critical factor in determining the safe depths of
upper back acupoints. Previous studies have observed
that BMI percentile changes may not accurately reflect
changes in adiposity in children, particularly among
male adolescents and children with lower BMIs [23].
The BMI is limited in its usefulness in predicting adipos-
ity by its inability to distinguish fat mass from lean body
mass in pediatric populations. We used growth charts
for Taiwanese children and adolescents [12, 13] for de-
creasing ethnic differences, but BMI was also influenced
by age, sex and pubertal status [24]. This might explain
why BMI was less crucial than weight in influencing safe
depths in this study.

This study has three noteworthy strengths. First, the
study included larger pediatric sample sizes. Second, we
studied factors such as sex, age, weight, and BMI that
influence safe depth. Finally, the study determined safe
depths by examining in vivo CT images, a more accurate
method than recording measurements from cadavers.
Depths from cadavers are unreliable because the tissues
dries and contracts after freezing, anticorrosive position-
ing, and dyeing processes.

This study has limitations. First, the study used a
retrospective design. Second, the examined children
were patients, not healthy children. However, to increase
validity, patients with diseases that might have affected
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the thickness of the subcutaneous tissues or muscles in
their backs were excluded. Third, the sample size of the
overweight group was small. Finally, this study was con-
ducted in a single medical center, limiting its population
generalizability.

Conclusions

This study determined that the safe depths of most
upper back acupoints significantly differ between the
sexes. Safe depths significantly differed among age
groups and significantly increased with weight and BMIL.
Acupuncturists should consider wide variations in safe
needling depth in the upper backs of children to balance
treatment effects and complications.

Abbreviations

BMI: body mass index; CT: computed tomography; CMUH: China Medical
University Hospital; GV: Governor Vessel; BL: bladder meridian; SI: small
intestine meridian; GB: gallbladder meridian; SP: spleen meridian.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

YCM designed the study and drafted the initial manuscript. JGL helped the
study's conception, and reviewed and revised the manuscript. CTP helped to
conduct the literature review and supervised the field activities, quality
assurance and control. YCH designed the study’s analytic strategy and
conducted the data analysis. HYL helped to measure the depth of acupoints.
All authors read and approved the final manuscript.

Author details

!Graduate Institute of Chinese Medicine, College of Chinese Medicine, China
Medical University, Taichung, Taiwan, ROC. “Department of Pediatrics, Tai-An
Hospital, Taichung, Taiwan. *Children’s Hospital of China Medical University,
Taichung, Taiwan, ROC. “School of Chinese Medicine, College of Chinese
Medicine, China Medical University, Taichung, Taiwan, ROC. SDepartmem of
Medical Research, China Medical University Hospital, Taichung, Taiwan, ROC.
SChina Medical University, No.91, Xueshi Rd, North Dist, Taichung City
40402, Taiwan, ROC.

Received: 18 July 2015 Accepted: 19 February 2016
Published online: 27 February 2016

References

1. Libonate J, Evans S, Tsao JC. Efficacy of acupuncture for health conditions in
children: a review. Sci World J. 2008,8:670-82.

2. Jindal V, Ge A, Mansky PJ. Safety and efficacy of acupuncture in children: a
review of the evidence. J Pediatr Hematol Oncol. 2008;30(6):431-42.

3. Adams D, Cheng F, Jou H, Aung S, Yasui Y, Vohra S. The safety of pediatric
acupuncture: a systematic review. Pediatrics. 2011;128(6):e1575-87.

4. He W, Zhao X, Li Y, Xi Q, Guo Y. Adverse events following acupuncture: a
systematic review of the Chinese literature for the years 1956-2010. J Altern
Complement Med. 2012;18(10):892-901.

5. Staiano AE, Katzmarzyk PT. Ethnic and sex differences in body fat and
visceral and subcutaneous adiposity in children and adolescents. Int J Obes.
2012;36(10):1261-9.

6. Loomba-Albrecht LA, Styne DM. Effect of puberty on body composition.
Curr Opin Endocrinol Diabetes Obes. 2009;16(1):10-5.

7. Lin JG, Chou PC, Chu HY. An exploration of the needling depth in
acupuncture: the safe needling depth and the needling depth of clinical
efficacy. Evid Based Complement Alternat Med. 2013,;2013:740508.

8. Chou PC, Chu HY, Lin JG. Safe needling depth of acupuncture points.

J Altern Complement Med. 2011;17(3):199-206.

9. Lin JG, She CY, Huang WS. [Detecting the safety depth on human back
loci by computer tomographic scanningl. Zhong Xi Yi Jie He Za Zhi.
1991;11(1):10-3.



Ma et al. BMIC Complementary and Alternative Medicine (2016) 16:85

20.

21.

22.

23.

24.

25.

Chen HN, Lin JG, Yang AD, Chang SK. Safe depth of abdominal acupoints in
pediatric patients. Complement Ther Med. 2008;16(6):331-5.

Chen HN, Lin JG, Ying LC, Huang CT, Lin CH. The therapeutic depth of
abdominal acupuncture points approaches the safe depth in overweight
and in older children. J Altern Complement Med. 2009;15(9):1033-7.

Chen W, Chang MH. New growth charts for Taiwanese children and
adolescents based on World Health Organization standards and health-
related physical fitness. Pediatr Neonatol. 2010;51(2):69-79.

Body mass index of children and adolescents. Health Promotion
Administration, Ministry of Health and Welfare. 2013. http://www.hpa.gov.
tw/BHPNet/Web/HealthTopic/TopicArticle.aspx?id=201308300012&parentid=
201109290001.

Kung YY, Chen FP, Chaung HL, Chou CT, Tsai YY, Hwang SJ. Evaluation of
acupuncture effect to chronic myofascial pain syndrome in the cervical and
upper back regions by the concept of Meridians. Acupunct Electrother Res.
2001;26(3):195-202.

Chen L. [A new thinking of acupuncture and moxibustion treatment of
shoulder pain after hemiplegial. Zhongguo Zhen Jiu. 2006;26(9):669-71.
Zhou RL, Zhang JC. [An analysis of combined desensitizing acupoints
therapy in 419 cases of allergic rhinitis accompanying asthmal. Zhongguo
Zhong Xi Yi Jie He Za Zhi. 1997;17(10):587-9.

Guo YJ, Gu J, Liu LG. [Analysis on characteristics of ancient acupuncture and
moxibustion treatment of tuberculosis consumptive diseases]. Zhongguo
Zhen Jiu. 2005;25(2):135-7.

Tagami R, Moriya T, Kinoshita K, Tanjoh K. Bilateral tension pneumothorax
related to acupuncture. Acupunct Med. 2013;31(2):242-4.

Inayama M, Shinohara T, Hino H, Yoshida M, Ogushi F. Chylothorax caused
by acupuncture. Intern Med. 2011;50(20):2375-7.

Slyper AH. Childhood obesity, adipose tissue distribution, and the pediatric
practitioner. Pediatrics. 1998;102(1):e4.

Force USPST. Screening and interventions for overweight in children and
adolescents: recommendation statement. Pediatrics. 2005;116(1):205-9.
Reilly JJ. Assessment of obesity in children and adolescents: synthesis of
recent systematic reviews and clinical guidelines. J Hum Nutr Diet.
2010;23(3):205-11.

Demerath EW, Schubert CM, Maynard LM, Sun SS, Chumlea WC, Pickoff A,
et al. Do changes in body mass index percentile reflect changes in body
composition in children? Data from the Fels Longitudinal Study. Pediatrics.
2006;117(3):€487-95.

Weber DR, Moore RH, Leonard MB, Zemel BS. Fat and lean BMI reference
curves in children and adolescents and their utility in identifying excess
adiposity compared with BMI and percentage body fat. Am J Clin Nutr.
2013,98(1):49-56.

Lin JG. Review on the history and practice of the needling depth of
acupoints. 1st ed. Beitou: National Research Institute of Chinese

Medicine; 2012.

Page 8 of 8

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BioMed Central



http://www.hpa.gov.tw/BHPNet/Web/HealthTopic/TopicArticle.aspx?id=201308300012&parentid=201109290001
http://www.hpa.gov.tw/BHPNet/Web/HealthTopic/TopicArticle.aspx?id=201308300012&parentid=201109290001
http://www.hpa.gov.tw/BHPNet/Web/HealthTopic/TopicArticle.aspx?id=201308300012&parentid=201109290001

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Measurement of safe depths at upper back acupoints
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Author details
	References



