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—{ Abstract )

Correlations between Lumbar Lordotic Angle,
Ferguson’'s Angle and Bone Mineral Density in
Patients with Low Back Pain

Lee Han" and Cha Yun-yeop™”

“Dept. of Acupuncture & Moxibuxtion, Jaseng Hospital of Oriental Medicine
“*Dept. of Acupuncture & Moxibuxtion, College of Oriental Medicine, Sangji University

Objectives @ The purpose of this study is to investigate correlations between lumbar lordotic
angle(LLA), Ferguson's angle(FA) and bone mineral density(BMD) in patients with low back pain.

Methods : We measured LLA, FA and BMD of 199 patients with low back pain. Then we analyzed
correlations between LLA, FA and BMD using statistical program.

Results : There was significant correlation between LLA and FA, and also between age, height and
BMD.

There was no significant correlations between LLA, FA and BMD.

BMD of paitients also showed no significant correlations with LLA and FA according to age and sex.

Conclusions : BMD had no significant effect on LLA and FA. On the other hand, there was
significant correlation between LLA and FA.

Key words : Low back pain, Bone mineral density, Lumbar lordotic angle, Ferguson’s angle,

Correlation
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Criteria

1) Previous lumbar surgery

2) Vertebral fracture

3 A+
3) Spondylolysis

[¢)
Exclusion Criteria of Patients on this

5) Unsuitable for radiograph or MRI

6) Lumbarization

7) Sacralization
8) Generalized disease’

2008 19 195E 20099 49 1597HA] A4
4) Spondylolythesis
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9) Spinal tumors including metastasis
10) Inflammatory spinal disease

11) Lower leg disease
12) Cerebral injury
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A ARIHEA Bis L BEWES FAE WA
B F QAN B PARAANS FTURAAE A b mTE oheE,

P A} 227
A e RS AAse] HFAoR 19%E g
S 2 AT tH(Table 1).
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JRIIEAe] AT WAL AFoR ol 67
olatel fuAINE 0 BATE F4 LEFOR
31931, 65 ool A 3L wuke] §W7|E 7HA
BAREE obA QBT R Flon, 3Y o4 o]
Aol GUANE A BAEE B LBFOR T
Bar {/
3. ot | :
Fig. 3. Radiograph of Fig. 4. Ferguson's
1) X-ray 2 Ferguson’s angle angle
2000 Az¥ XDM-MI(F<WdZ, sh=5)& A} 3) 2T =xuhd
galo] Agalgon, LAY 7199 FUAL Im A ST e
Held Bkvpst 2122 FFHLT: A% Z4L 99 olFIUA WA FUE 5
A7)(dual energy X-ray absorptiometry ; DEXA,
2) 854%= SN GE LUNAR corp, USA)E AH-319100, 98452
3% 7199 59 ARGl LLA, FAS S48 ge mgon 2~y ¥ Yo u2 gz Fo A
i, Hold Z4sdth aFie duye suEs &
At on, W8l g/ar® EASAY FLEE H
@ LLATY 7Vsl7] YA E t-scored AHE8FSS™, t-score
Q3] ANk Ql vk dotH Y] fjste], AL 3ape] U 2R9F £ AW ko] & Aol
F9} A1AF) A AdolN 2 Mol 7t 5 o) U HuX9 AolE FFAUAJE Yir gom
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Fig. 1. Radiograph of Fig. 2. Lumbar lordotic ATFATe EAEAL SPSS 120 for WindowsE
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EF A Hmeantstandard deviation)® Zds}¢ith &
WUt w2 LLASY FAS HS H|wEl7] $s)
b3 o}

one-way ANOVA test:
LLA, FAS 4#HAE Pearson A&
of A8, A5 2 A% -
founding factors)®& RAsL =
FHAAE BAE] 8 HAREA S ARSI
o el mhE %%15, LLA, FA9| #ifgk Aol&
719 wE BE t-testE AMESHATE BEE
e p—value7} 0.05 mvtd wf FAAOR
Ao 2 At

ol

o o Hg
ox X X
o r.{g:

|
[QR=N
A -

l

I YU SA U RWI|Zle Bx

e b 199 T HAks 37(186%), oAk
1629 (81.4%)0I3aL, A& 25404 &BA7HA| #3E

atsjon, Bade e 5695118145t o] F wate
33AIA 8LAEA Bl or, FitAHE 6135+

S0

1119419 o oAzb= 254|914 A 7kA] &3

H, HiFAHL 5594+11.744 S tHTable 2).
Ay ghate] A 142cmol A 18lem7kAl HE38F

AL, Fit AF-L2 157.88+7.49cmol R o.m, FAte] A

)

Table 2. Demographic Data of All Patients

S-= 1537cmoll A 181lem7HA] BE& a, Hi A
2 166.6616.54cmo]|} o1, oIzl A O"E 142cmell A
172cm7H 4] Bxatgda, da A4S |
AtHTable 2).

ad Bl A%
i, B AF
$-= 50kgol A 87kg7HAl B

=]
AR

68.14+961kgelSlom, ozte] 7

7

Hiol'/\/\—l—

(Table 2).

3 iﬂ%—%

< 60.47+8.94kgol 9l o™ At

X O}‘M—L P z

2 36kgol Al 8Tkg7bA H2a}
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|5

$& 36kgel A 80kg
58.71+7.81kgol At
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Charact Total Male Female D
eristics | (n=199) (n=37) (n=162) | value
ABE s 0541181 | 613541119 | 55.94411.74 | 0.012°
(years)

40 [17(85%)" | 2(5.4%) | 15(9.3%)

41-50 | 36(18.1%) | 3(81%) | 33(20.4%)
51-60 | 69(34.7%) | 11(29.7%) | 53(35.8%) | 0.107
61-70 | 55(27.6%) | 14(37.8%) | 41(25.3%)

71- 2011.1%) | 70189%) | 15(9.3%)
Height |07 0017 49| 166.66:6.54 | 155.87+6.14 | L.
(cm) 0.001
Weight <
(g | B0ATEBIA | BR14£061 | 58TILTSL | (0.

9 713t w2 B 34 7
(31.7%), o}54 L5 37t 41%(206%),
o W}ﬂ 9B (47.7%)0]1R oM. 1 73t
of W& LLA, FAS Higtolls #9¢
THTable 3).
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©oE X
ox o

32 Hd ko oF

% A

=
(
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Table 3. Comparison of LLA and FA in Acute,
Subacute, Chronic Stage

Subacute Chronic
Acute stage Jou
(n=63) stage stage value
(n=41) (n=9%)

LLA| 4673°£11.27° | 4765°+11.98° | 46.17°+11.81°| 0.793
FA |34.83°£7.30° | 34.73°£7.40° | 33.71°£7.15° | 0.572

LLA : Lumbar lordotic angle.

FA : Ferguson's angle.

Statistical significance was evaluated by one-way
ANOVA test.

2. LLAS| 23
% 19989 LLAZ =43 A7 10834 71.13°

Table 4. Distribution of LLA

Sex| Total Male Female | p-
Angle(° 0=199) | (=37) | (n=162) |value
o o o4
e | e | ner |08
-29.99 19(95%)" | 3(8.1%) | 16(9.9%)
30.00-39.99 |27(13.6%) | 9(24.3%) |18(11.1%)
40.00-49.99 |71(35.7%) | 11(29.7%) |60(37.0%) | 0.320
50.00-59.99 |61(30.7%) | 11(29.7%) |50(30.9%)
60.00- 21(106%)| 3(81%) |18(11.1%)

Values are written as mean+standard deviation.

t ¢ Frequency : n(%).

* . Statistically significant (p<0.05).

Statistical significance was evaluated by Pearson Chi—
square test and independent samples t-test.
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LLA : Lumbar lordotic angle.

t : Meanzstandard deviation.

* : Frequency : n(%).

Statistical significance was evaluated by Pearson Chi-
square test and independent samples t-test.
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WA BEE AL, HiFS 4665°£11.63°0] 1tk EEA
40° o]’ 50° wwko] 71#(357%)= 7HE Bekor,
022 50° o] 60° wvte] 6121(30.7%), 30° o]
40° wvro] 278(136%) o2 YElyth ¥xie 3
T+ 4578°411.76°, o1A= Wit 46.85°+11.63°0] %1 o.M,
Fogk Aol YA THp=0.613)(Table 4).

3. FAS| 2%

Z 1981¢] FAS =73t 247} 1381°0014 49.88°7F
A BESF, HTE 3427°+723°01%0tE BEXEA}
30° o]/ 35° m|whe] 58#1(20.1%) = 7Hg Brem, ot
SO 2 35° o] 40° wwke] 50|(25.1%), 40° ©]/do]
43#l(21.6%) o= UEwth HEAs Wit 3352+
762°, AAb= A 3445°+7.15°0] o, o gk Aol
= H}\Mq— [FO 484)(Table 5).

Table 5. Distribution of FA

Sex|  Total Male Female | p-

Angle(®) (n=199) (n=37) | (n=162) | value
34.27°+ 33.52°% 34.45°+

7.23°" 7.62° 7150 | 044
-24.99 19(95%)" | 4(10.8%) | 15(9.3%)
25.00-29.99 | 29(14.6%) | 5(13.5%) |24(14.8%)

30.00-34.99 | 58(29.1%6) | 13(35.1%) | 45(27.8%) | 0.903
35.00-39.99 | 50(25.1%6) | 8(21.6%) |42(25.9%)
40.00~ 43(21.6%) | 7(18.9%) | 36(22.2%)

FA : Ferguson’s angle.

t : MeanzStandard deviation.

* © Frequency : n(%).

Statistical significance was evaluated by Pearson Chi-
square test and independent samples t-test.

N

5 IHeld aF 4i7kA =
1.0540.18g/ciro] oM, 853 U= tE =
o

, 2
t-scoreE HlEo R E739S

Table 6. Distribution of BMD unit : g/ert

(482%), BAZTL T3W(36.7%), FUHEZL 304
(151%)01 0Tk, Wake] 2% THol A 83 47k =
Ao Ht 1.060.15g/crel 3L, A=kl 85 1H
oA 23 4H7IA FUE] P 1.04+0.18g/crio]

som Fod Aol= gt (p=0.433)(Table 6).

=4
-0502(p<0.001) = 73k S AaA#AA 7} 3
o, AFI t-scored ABAHS AT A}
o

N L

Qow  AFI t-scored] AHWHAEL A
ABA S 0137(p=0.063)2 F2]3+ a4
= % Aoz YeEpgti(Table 7).

Table 7. Correlation Coefficients between Age,
Height, Weight and BMD

Items BMD t-score
Age -0.502(p<0.00D)" | -0.529(p<0.001)"

Height | 0.370(p<0.001)" 0.283(p<0.001)"

Weight | 0.202(p=0.004)" 0.137(p=0.053)

Total(n=199) | Male(n=37) | Female(n=162) | p—value

1.05+0.18" | 1.06+0.15" 1.04+0.18 0.433

BMD : Bone mineral density.

+ : Meanzstandard deviation.

Statistical significance was evaluated by independent
samples t-test.

BMD : Bone mineral density.

* 1 Statistically significant (p<0.05).

Statistical significance was evaluated by Pearson
correlation analysis.

6. 9, AME MBI LLA, FAS
A ERA

AR LLAY JAAde &
AT -0.091(p=0199)2 F93 AadAE §le 34\
o2 yehgta, A3 LLAY Pearson "}47:”
0.022(p=0.757), A%} LLAS Pearson A4
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H
AG -0.084(p=0.238) = ref gt A= gle 2o T3t dael ARE ol FE R wE 7t
2 Yehyta, A3 FAY Pearson A#3ATE 79 LLAS H#zHes nlustg oy zhzh gzl A
-0.027(p=0.709), A5 FAS] Pearson A¥AT+= = p=0272, AR A= p=05100.2 F2]3k z}o]+=
-0048(pF0500) 2 Al F93 AEBAE YAt AT

(Table 8).

Table 8. Correlation Coefficients between Age,
Height, Weight, LLA and FA

Items LLA FA
Age -0.091(p=0.199) -0.084(=0.238)
Height 0.022(p=0.757) -0.027(p=0.709)
Weight -0.008(p=0.909) -0.048(p=0.505)

LLA : Lumbar lordotic angle.

FA : Ferguson’s angle.

Statistical significance was evaluated by Pearson cor-
relation analysis.

7. =Lt LA &bty

%%'Ehoﬂ e LLAE BawolAe 47327+

= Lol A= 4552°411.60°, FrhESel
M= 4730041492001 oM, 7t o] 3t bl A
o3t Zpol7k YA TH(p=0578)(Table 9).

Table 9. Distribution of LLA in Normal, Osteopenia
and Osteoporosis Group

BMD _ _

Total | Normal %Setri‘; I?(frtssis s

angtedn | I O 7m) | g | VAU
B+ | e | B | A= |
11637 | 1051° | 11.60° | 1492° |
19 7 9 3

29 1 9500 | (7:3%) | (123%) | (10.0%)

000- | 2 9 12 6

99 | (136%) | 04%) | (164%) | (20.0%)

000- | 71| 4 | = 6 | o108

299 | (3579 | 427%) | 32.9%) | 200 | *

000- | 6 | 0 | 2 8

5099 | (307%) | (31.3%) | (315%) | (26:7%)
o1 9 5 7

60.00= | 1060 | (04%) | (68%) | (23.3%)

LLA : Lumbar lordotic angle.

BMD : Bone mineral density.

+ : Meanztstandard deviation.

* © Frequency : n(%).

Statistical significance was evaluated by Pearson
Chi-square test and one-way ANOVA test.

64

FUEet LLAY 3 #44 Pearson ‘g3
-0.005(p=0942)= FAAA7E = AR L}E}kki
] T-score®} LLAS| 3 B4
-0.001(p70994) 2 “F2AI7F
w3 Ay A A5S :“Z—L‘?ﬂ-’F(confounding factors)
2 AAstuy FUEe LLAY AAAAAES B4
I HAAFAA ST -0.060(p=0403) 2.2 FHTAA 7} ¢l
A UERg o t-score®t LLAS HA#HIA
A3 #ABAF -0.058(p=0.420) 2 7
Ao Z e THTable 10).

O
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7}

= I o [ )
22 % |o g

r1r o

Table 10. Correlation between BMD and LLA

LLA
Items -
T r
BMD -0.005(p=0.942) -0.060(=0.403)
t-score -0.001(=0.994) -0.058(p=0.420)

BMD : Bone mineral density.

LLA : Lumbar lordotic angle.

r ¢ Pearson simple correlation coefficient.

rt : Partial correlation coefficient adjusted by age,
height and weight.

Statistical significance was evaluated by Pearson
correlation analysis and partial correlation analysis.

8. =22 FAS| AbztY

o mE FAT Aol A 34.33°+6.89°,
SHATTONAME 3424°+7.20°, SUESTolAM = 34.17°
g8o4o|lom, 7b o] Hat o= fog Aoyt
A ATHp=0.994)(Table 11).

Fok dalel A& Ur‘Lroifﬂ UL o 7 o
o FA HHHE st v
0.499, Azl A= pr0.ATZ :

ZU x99 FAS A3 BA4 Pearson A3A4
0.016(p=0.825) 2.2 A#AA 7} S Ao YEto
1, t-score¢} FAC] A3 474 Pearson 43715
0.024(p=0.737N) 2 FHAA} e Ao=E YEhyith
T3k A A AFS EHHS(confounding factors)

2 AAsty FUE9 FAS A4AAAESE E4%
3} HFFAASF -0.014(p=0.845) = &HHA 7} ¢
o7 Yehgon t-score?t FAY HAANARAES
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Table 11. Distribution of FA in Normal, Osteopenia
and Osteoporosis Group

BMD - —
Total | Normal %Setr?j(; Iz?osrt(i)is D
AngleOn | B9V | 0=96) | g0y | (gp | value
34.27°+ | 34.33°+ | 34.24°+ | 34.17°+
723" | 6890 | 7200 | smae |09
19 7 9 3
2AM 1 959" | (73%) | (12:39%) | (10.0%)
25.00- 29 16 7 6
2999 | (14.6%) | (16.7%) | (9.6%) | (20.0%)
30.00~ 53 28 2 8 o7
3499  |(29.1%) |(29.2%) | (30.1%) | (26.7%) |
35.00~ 50 % 20 5
3999 | (25.1%) | (26.0%) | (27.4%) | (16.7%)
10.00- 43 20 15 3
’ (21.6%) | (20.8%) | (20.5%) | (26.7%)

FA : Ferguson’s angle.

BMD : Bone mineral density.

t : Meanzstandard deviation.

* : Frequency : n(%).

Statistical significance was evaluated by Pearson Chi-
square test and one-way ANOVA test.

Table 12. Correlation between BMD and FA

FA
Items T
T r
BMD 0.016(p=0.825) | -0.014(p=0.845)
t-score 0.024(p=0.737) | -0.014(p=0.844)

BMD : Bone mineral density.

FA : Ferguson’s angle.

r . Pearson simple correlation coefficient.

rt . Partial correlation coefficient adjusted by age,
height and weight.

Statistical significance was evaluated by pearson
correlation analysis and partial correlation analysis.

A3 Ay ANTAG -0.014(p=0.844) 2 A A 7}
S Aoz YERGTHTable 12).

9. LLAR} FAS| AtntM
LLA®} FA+ Pearson A3#A4 08202.%2 LLAV}
71845 FA 9A S7kske sk 4o AAAAE

LEFH A TH(p<0.001).

10. A=Hof| ot

i
I
e
Hn
S
T
>
i
Iz

el whe} FUEE YA A7

=l

A= it 1.04+018g/en® YR oW F #7F ¥
ol o) gk ztel= §191om(p=0.433), t-Score= &
A= Ha -1.04+1.25, A= A -0.6611.48= LHE}
wom oAl 7 a7k o] frofdk Abol= gl
(p=0.146).

Aol weh LLAE dabe Ha 45.78°£11.76°, o
A= 46.85°+11.63° 2 e O % %{ Byt
9/]51’ Z]’O]L u/\z«/\guﬂp—OGlg = 9 ]’E |
3352°4762°, Ak 34.45°+7. 15°i UrEHd’O‘I] -
b FGatol o d Apol= flIATHp=0.484)(Table 13).

(=

P o

Table 13. Comparison of BMD, LLA and FA in
Men and Women

Items Men ‘Women p-value
BMD(g/crr) 1.060.15 1.04+0.18 0.433
t-score -1.04+1.25 -0.66+1.48 0.146
LLA 45.78°+11.76° | 46.85°+11.63° | 0.613
FA 3352°+7.62° | 34.45°+7.15° | 044

Values are written as mean#standard deviation.

BMD : Bone mineral density.

LLA : Lumbar lordotic angle.

FA : Ferguson’s angle.

Statistical significance was evaluated by independent
samples t-test.

11. 50M| of &t 2HXtolM o] =H =2t
LLA, FAS| &bzt

504 o] gt M) Hd e ol wE LLA= A%
T A E 4691°+1167°, ATl A= 4575°411.73°,
oA 47.30°+14.92°0|11 oW, 7} 7o) o
it Zell= ol @ ZFol7k flAtH(p=0.810).

504 ol BAfellA Y] wHE o wE FAE A
datoll A= 3347°47.14°, HH AT A= 34.28°+
7.32°, EvhEswol A= 3417048540100, 7 o
o) A+t ol ol 7 Aol 7} YI3UH(p=0.828)(Table
14).

5041 o EAtel Aol st LLAS] Aga £4

>

A} Pearson A #HAIG -0.070(p=0.395) 0. & A3 A7}
NeE Aoz Yehton t-score9t LLAS] 43 £4
A} Pearson A #HAIG -0.060(p=0.466) 0.2 A3 A| 7}
e Aoz Yyt Tk dd 2 A - ATS &
2= (confounding factors)® A3k 504 oA
Fajoll o] el LLAS A4AdAS £43 2
3 HAIAF -0121(p70.1440) 2 4B BA 7} = A
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Table 14. Comparison of LLA and FA in Normal,
Osteopenia and Osteoporosis Group whose Age
was above 50

Items | Normal | Osteopenia | Osteoporosis | p~value

4691° | 4575 | 4730+
LLA T e | 107 14900 | 0810

33470+ | 34980+ | 3417+
FA e | 7a 854° 0.828

Values are written as mean#standard deviation.

LLA : Lumbar lordotic angle.

FA : Ferguson’s angle.

Statistical significance was evaluated by one-way
ANOVA test.

o2 Yo, t-score$t LLAS] AGHAAAE
A8t Ax BAAAS -0.108(p=0.192)2 @A 7}
= A

o

& kAt VH ZUE 9} FAC
Pearson A#A14 -0.082(p=0.316) = ¥
Aoz Yepton t-score?t FAS]
Pearson A#A4 -0.066(p=0.425) 0.2 A%
= 40; L]_E],Ll—x;} I:Ezﬂ. oqa:] tﬂ /\ 7(]— Xﬂ
H = (confounding factors)® A8} 50
UL FAS AgARAE EA 8
AT -0.062(p=0452) = ZAAAT} ¢l
won t-score?t FAS ALBAAES
HAGBAT 0055705072 dAA 7
2 YERstH(Table 15).
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Table 15. Correlations between LLA, FA and
BMD of Patients whose Age was above 50

LLA FA
Items " +
T T T T
BMD -0.070 -0.121 -0.082 -0.062
(p=0.395) | (p=0.144) | (=0.316) | (p=0.452)
t- -0.060 -0.108 -0.066 -0.055
score | (p=0.466) | (p=0.192) | (p=0.425) | (p=0.507)

BMD : Bone mineral density.

LLA : Lumbar lordotic angle.

FA : Ferguson's angle.

r . Pearson simple correlation coefficient.

rt : Partial correlation coefficient adjusted by age,
height and weight.

Statistical significance was evaluated by pearson
correlation analysis and partial correlation analysis.
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