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The correlation study on the change of bone mineral density in patients after operation of lower
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Abstract: Objective To study the changes of bone mineral density (BMD) and its significance in patients after lower limb
fracture operation. Methods One hundred and two lower limb fracture patients at the Department of Orthopedics, the First
Affiliated Hospital of Dalian Medical University from October 2014 to October 2017, were admitted to the study, including 55 males
and 47 females. They were from 20 to 60 years old, with an average of 43.5 £12.5 years. Among those, 84 cases were unilateral
fracture, 18 cases were bilateral fractures. There were 22 cases of open injury and 80 cases of close injury. The operations were
performed in 2 hours to 7 days after the fracture. They were followed up at the 1, 2, 3, 6, and 12 months after the operation. BMD
of the both calcaneus was measured using ultrasonic bone densitometry. BMD of the both calcaneus was measured in 39 healthy
outpatients at the same period, and the average was used as the control. The change of BMD after fractures was observed, and the
influencing factors were analyzed. Results 1) BMD of the patients with unilateral lower limb fracture decreased rapidly from 1 to
3 months. The decrease was slow in the period from 3 to 6 months, and the lowest point was at the end of 6 months after the
operation. BMD increased slowly from 6 to 12 months, but it was still lower at 12 months than at the level of preinjury. Comparing

the BQI value among the healthy limb, the affected limb, and the controls in 1, 2, 3, 6, and 12 months after the operation group,
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the difference was statistically significant, and the difference between any two groups was statistically significant (P <0.05). (2)
in patients with unilateral lower limb fractures, the BQI value ins male was higher than that in females, but the difference was not
statistically significant (P >0.05). (3) There was not significant difference of BMD of the healthy limb and the affected limb
between the different anatomic sites of single side fracture (P > 0.05). BMD of the unilateral fracture was higher than that of
bilateral fracture, and the difference was statistically significant (P <0.05) in 2, 3, 6, and 12 months after the operation. (4)
BMD in Gustilo-Anderson type Il of the open injury was significantly different compared with that of the close injury in 2, 3, 6,
and 12 months after operation (P <0.05). BMD in Gustilo-Anderson type I and II of open injury was not statistically different
compared to the closed injury (P >0.05). Conclusion In the healing process of lower limb fracture, BMD of the lower limb
decreases rapidly in 1 —3 months, slowly in 3 — 6 months, and increases slowly in 6 — 12months. It may be related to the decrease
of limb activity, the decrease of mechanical stress, and the degree of soft tissue injury around the fracture. Anatomical site of

fracture and gender may have no significant influence on the changes of BMD. It is necessary to have early exercise and combination

drug therapy in order to prevent the decrease of BMD and the occurrence of disused osteoporosis.
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Table 2 Changes of BMD after unilateral lower extremity fractures (% +s)
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Fig.1 The irend of BMD change in unilateral lower extremity fracture
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Fig.2 Bone mineral density decreased after unilateral lower extremity fractures
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Table 3 Comparison of BMD changes of different genders after lower extremity fractures (% +s)
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2.5 ARSI T ESTREEREEN R

Al B TS XA T BB, KRR 2 A3
B —E AR RSO Z B, R A H 6 A 12 A H U 3 R R B B

REABREEEE BEEEEREISEIY JTBRBUE, 251K 4.56% .6.54% .5.67% \1.82% ,

BEX(P>0.05), 0K 4.5 %4, HZERAFZI#EL(P<0.05), L% 5 K 6,
2.6 Ul A 5 XU AT R R R S B
100+ 120+
95+
00, _ 100
jog
= 8] 2 g0
8 80 £
= 70 e B ]
s - B 5 40
ES 5
2 60 e A PR 2 50l
D ] e B B !
0 ¥ 1 ¥ T L]
” ' ' ' ' ' 4 214 4 64 124
M A A oMH A FA PR PR 4R M
i D i 1) B oy i i)
3 TFECEIRS AR B A A LB R 4 Rl AL T B R TR R A BB B AR AL
Fig. 3 Comparison chart of BMD between different Fig. 4 Changes of BMD in healthy limbs of lower

genders after lower extremity fractures extremity fractures in different anatomical sites



FEE RGN ZeE 2018 4E9 A4 24 55 9 #]  Chin ] Osteoporos, September 2018, Vol 24, No.9 1205
R4 AEFEHTBLTREFTAREEEEBLLBER(zs)
Table 4 Comparison of changes of BMD after lower extremity fracture in different anatomical sites (X £s)
1A 24H 3MH 61~ A 1244
A i g i35 B (453 gy i g i35 B
AR
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MR 0 =19 96.3+£14.6 79.2222.4 92.6x15.2 83.7+13.2 92.2x11.6 80.4:14.7 83546 77.0x10.5 94.5+11.6 8531258
BxrH n=23 95.7+16.5 86.3x15.2 94.1x17.4 86.2+16.3 86.2+20.2 74.1+19.8 88.2x258 80.3x24.7 89.4+10.5 81.2+£10.2
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F 18 0.55 1.23 0.94 1.21 0.53 0.55 0.40 0.12 0.37 0.54
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Fig. 5 Changes of BMD in limbs after fractures of 2R ANV ]

different anatomical sites

Fig.6 Changes of BMD in unilateral fracture and

bilateral fracture of lower extremity limb
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Table 5 Changes of BMD after unilateral fracture and bilateral fracture of lower extremity fracture (x *s)
HeAl 1A 21MH 311 6 ™H 121 A
B 88.2 +16.4 86.6 £12.6 80.4+15.6 79.6 £13.7 82.0+11.3
pygi] 89.5+15.7 82.6+18.2 75.6 +24.3 75.2+21.5 75.3 5.1
t A 1.14 1.94 2.24 1.93 4.37
P 0.29 0.03 0.04 0.03 0. 00
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B, RS A EZR Y RGEITFEX(P >
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Table 6 Comparison of changes of BMD between close injury and open injury (X +s)
FFRE R 0 ) .
i 1] 1# % I 7 Pt s tff P
n=4 n==60 n=12
114-H 86.2 4.8 90.4 3.4 82.4+9.5 91.2+14.2 1.24 0.24
24~H 82.5+5.7 88.3+1.5 76.9 +10.3 88.6 +13.5 1.95 0.03
34 B 79.9 1.5 82.4+2.6 71.5+11.3 82.3+16.4 1.95 0. 04
6 1~ 5 73.9 2.0 79.5+9.7 68.1+13.8 82.4 £16.6 2.27 0.03
12 4H 76.6 5.4 82.5x4.2 72.0 4.2 83.2+10.5 2.28 0.02
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Fig.7 Comparison of changes of BMD of limbs between

close injury and open injury

3 i

BTG ARBEE AT —FR SR &, &4
— F A A= AR AL R B AR A, BB T R LS B
TR, DA AR AL 2R A | 8B 40 T R 44
W5 BT B, P9 IR R A K R T A R, BTG e i 9 4
WA A . BTGRP B %E N X G =
AEEREW,CEET SBUREEES HTTAS
ARSI A A NS, T B T S AR
SRS

Alan M 28> ¥ B 55 8050 5 Y 5 B 0 B A Ak it
K B EEmEERGE1~6 HY TR, KRG 14
HHEARRKE, B TR, Ohta H £'°
AR DG B M AR S B A S 1B B o A A — g R AL
1~1.54F,6 A NSW A RHR, Kim KK &7 %
PG BB AR S I B R B v AR R
1~34H NRERNHE, KRG 1 EBEEIRK
S, M R K E 4 BT B 1.01% |
1.31% A R 5 AR5 50 — BB 0L VB F R0 5%
AX.

T T BCE 7RG B % A A B 5 R LA
I F . AR, B ARG ST B % EY T,
HEMESEEILEETHREERE, 286 8 &M,
XA Ry B R G il 3 TE s 2k A TR AL
PRI 100, ITRE T TR R R i i 7 4 A
- EER R EAR G R AT B % E N,
BB T ARG & AR SECE A s MR s
S TRSBEEERLENHE ., RUFR
HBERARNF 1 ~6 PHEBEERETRE, HPARE1
~3 BB B, R N T RE R B T R

A B, W E A BN BRI A, BT B R
B HH M, SIS & , B E At T
— s BRI B B TR R AR, FER)G
iR Sk — T B 'L RE3~6 4
A BRI TR, 6 0y B 2 B Ik, 8 il P Ag B
Xt B 2H 53 5 A 16. 56% F 8. 45% , fHJE T P ¢
BAE 1 ~3HBE, K51 ~3PAREERIT
TG SRR HROMR , B 2 H T 8RB AL, (H R ATS AR A B A H
BUBERL 3 JBOK -, DR B 25 RATI R 4R 5, A BIE5E W
INTE T BGX Fh R E B A, S R A S AR T
WA = B R R O Rk AR Ak MR S S A R AR
AL, ARG 6 ~12 A H B % EZRH LI, &
TEAE, BHEC TN, HUMNL I R B A A
FEAAH LA , B BT U 5, ik — 20 R MUACE 1V g )
B BE e M EREE. BERE 12 4AEEE
ATH AR T %5 R 2, B TR R A T AR TR 2 A O I A
13.79% .6.95% , Wi B HEEAM YL TARE 3 ~4
A A K, B8 BT I RE W R SR A R K, 75 gk 2 Bl
VIRF5E o

o 28 J5 2 VTR N ME O TR R AR, S Bl
RERSEHM, EREGBHETHR" . AP
HHERR G IS B B TR R A e
TRGEEBEY TR, BEEEERS T L HS
PE 2 1AE % LR TG B 3 2 e R 1 B AT R
AREWTRBERARGEEELANRERNER, 5
SCHRAR A —FL

AWFGE A 5 BT BB B A T figt 350 0 2 o
AT R AL, R EE S, TR E T
YR R RS, A R gt ) B AL S RE BB AR LA R R
e FTEC, TN HE XU R BB 3 2 B, XU T b
BB EEEERE 2 A3 DA 6 H 12
ANATREER, Z5A BEE, 32 AR S XU &
Pr 8 E HI Sk A, AR T ALY ) A
o, PR XU JBCE S 2 3w 1 R Il R AR
BINRZ—.

TEEFECEESE TR, S H R
PR IR, BCRR B R 20 B K D6 R Mk R UL
HEIMRRI, X BA B8 A, A /DR
BB ARV PR R A R 2B RN R EE
(reflex sympathetic dystrophy syndrome, RSDS) , [ &I
RAEFERANEE, — X E T 8 E RSDS
HelirEREXARMII R, REAHREES
RSDS &A= XU 2 [f] %A B WA ¢ & , {HA RSDS 1Y
BAOF 3 8 05 R B IE o TR RSDS /Y /L #,



FEE RGN ZeE 2018 4E9 A4 24 55 9 #]  Chin ] Osteoporos, September 2018, Vol 24, No.9 1207

RSDS & # [k 3% A RSDS 4 Jay &R 1& 20 45 43 I, A
RSDS M1 s R Wi m ™ . AR5 BoRIF
Bt 45 Gustilo-Anderson MM B 58 B R J5 %% A &
HEWEW S ERAGE, ARG 2 MA 3 A6 A4
A2 A A 258505 & 3, T v 6
Gustilo-Anderson 238! I 11 B 50 &4 H L, R
FEARABEFRH TGI8 X, 530 & R,
Xf F+ Gustilo-Anderson Wl ZYIFF AL, AT RERT B £
WIE ] A B SEIRYT , H [ E ) 2l i ] 2 P A P 4
A, B 3 v R T R 4H 4 R B A A A I R A
B I i AR 22, 7 0 B AH S B B e 4
WA R E RS BB, DL R K

HAF X T REFARE T EE LR R E
EH .

P I B B R A R S LA g SR 8 S BUR)
TRE 4 Bl B R 0 Ak R M B AR E ﬁﬁﬂﬁi
NG HUARE RS T B B &4 Rk 81% ,
WRARR 1% ~39% AR FFL AR, %
FAPEH B A AT S EBOR R B MR R i O R
JUE R B AR TR TR R A . BAAE TREAL
B ERERAEHERE" HEHETHEY
M W T (¥ il 1) A R AR 10 mg Jom”,
HAR i 60 N BTG B REMY B T KRS
S N [ R B R R AR B R IR S R R, R R R
BB IR T Joc B B g A X S AT AR R

AR S5 R ) B8 SRR R LA HE B TR A, B AL Y
Jy WA BB A (B T R 0 B R N [ E
KAl R A, 454 R D Al LUE U7 38 X 45
5 0 W WAL, 3 R B B LR A o 4R R
2 DB AU W B, A I 8y K
B KA B WoR MR D KOTTE
B EHEARR, FARGIHE—mE, Rk g FF
AR TR 2 Ah 58 2 B4R AR IR D, T I A 0 A
fiX, MG s, WRI\BASSEHEZ LB U
PR ~3 H) -REREMG ~6 A) - 2187
F(6 ~12 A ) B X TREALS AR &
EETHEAHTHEERGN AL ERHEARD
K iE B EE A, M X T Gustilo-Anderson I I 8% X T %
HITERE A G RS YRR D HE R
W ES ), Fegi 2 6 H R 6 HARYE & % AR
TRV R 259

TECET RS AR, T s 8 R B R T
fIR(1~3 A) -ZEREKG ~6 7) —?ﬁf Thim (6 ~
12 7)) f A8t #L e, AT RS B I R 5 BT 3h & 8

b B RO g R AT R R T ] R AR 2 2R A A AR
AR BT RERAL LR AR S B AR AT B
SR o Bl R RN I TR B R O A
4, 7 R R SR R R S R A IR T

( & % x # ]

[ 1] Kanis JA, Borgsirom F, De Lael C, el al. Assessmenl of [raclure
risk[ J ]. Osteoporosis International ,2005,16(6) :581-589.

[ 2] Alan M. Rathbun, Michelle Shardell, Denise Orwig, et al.
Hochberg, and Jay Magaziner. Differences in the trajectory of
bone mineral density change measured at the total hip and femoral
neck between men and women following hip fracture [ J].
Archives of Osleoporosis, 2016,11(1) :1-9.

[ 3] Tsakalakos N, Magiasis B, Tsekoura M, et al. The effect of short
term calcitonin administration on biochemical bone markers in
palienls wilh acule immobilizalion [ollowing hip fraclure [ J].
Osleoporos Inlernalional 1993 ,3(6) :337-340.

[ 4] Cld A, Gibellini D, Damiano D, et al. Calcaneal quantitative
ultrasound (QUS) and dual X-ray absorptiometry ( DXA) bone
analysis in  adult HIV-positive patients [ J ]. The new
microbiologica,2015, 38(3) :345-356.

(5] ®H—M, Zem MEAR, 5. BB 2S5 ET B RB %

Tﬁ%ﬁ*ul&%rh MG E L] A R 2k 0, 2015, 54 (1),
27-30.
Hu Yishun, Li Qian, Lin Huandong, et al. The clinical value of
calcaneus stiffness index calculated by quantitative ultrasound test
in screening and diagnosis of osteoporosis [ J]. Chin J Intern
Med, 2015,54(1) ; 27-30. (in Chinese)

[ 6] Ohia H, Kobayashi S, Sailo N, el al. Sequenlial changes in
periprosthetic  bone mineral density following total hip
arthroplasty ; a 3-year follow-up[J]. Journal of Bone and Mineral
Metabolism ,2003 ;21 (4 ) .229-233.

[7] Kim KK, Won YY, Heo YM, el al. Changes in bone mineral
density of both proximal femurs after total knee rthroplasty[ J].
Clinics in Orthopedic Surgery,2014,6(1) :43-48.

[8] Yuan Y, Zhang L, Tong X, et al. Mechanical Stress Regulates
Bone Metabolism through microRNAs [ ) ]. Journal of Cellular
Physiology,2017 ,232(6) :1239-1245.

[ 9] Soininvaara TA, Miellinen HJ, Jurvelin JS, el al. Periprosthelic
tibial hone mineral density changes after total knee arthroplasty:
one-year follow-up study of 69 patients[ J]. Acta Orthopaedica,
2004 ,75(5) :600-605.

[10] Giannotti S, Bottai V, Dellosso G, et al. Disuse osteoporosis of
the upper limb ; assessment of thirty patients[ J|. Clinical Cases in
Mineral and Bone Melabolism,2013,10(2) : 129-132.

[11] Punlus T, Schneider B, Meran J, el al. Inlluence of age and
gender on associations of body mass index with bone mineral
density, bone turnover markers and circulating calcium-regulating
and bone-active sex hormones[ J]. Bone,2011,49(4) .824-829.

[12] Bahador R, Mirbolook A, Arbab S, et al. The Relation Between

Reflex Sympathetic Dystrophy Syndrome and Trauma Severity in



1208

[14]

[15]

[16]

A I B A

2018 £ 9 A% 24 %% 98] Chin J Osteoporos, September 2018, Vol 24, No.9

Palients Wilh Dislal Tibia Fracture[ J]. Trauma Monlhly,2016,
21(2) :€25926. (AT, MR MM
Ulvag SE, Grundnes O, Rindal DB, el al. Inlluence of exlensive

muscleinjury on [raclure healing in ral libia [ J]. Journal of

Orthopaedic Trauma,2003,17(6) :430 - 435.

Hammond ER, Melcall HM, Mcdonald JW, el al. Bone mass in
individuals with chronic spinal cord injury: associalions with
aclivity—based therapy, neurologic and f[unclional slatus, a
retrospective study [ J ]. Archives of Physical Medicine and
Rehabilitation, 2014 ,95(12) :2342-2349.
Paiva AG, Yanagihara GR, Macedo AP, et al. Issa JPM,
Shimano AC. Analysis of fracture healing in osteopenic bone
caused by disuse; experimental study[J].
Medical and Biological Research, 2016,49(3) :1867-1873.
Halvorson TL, Kelley LA, Thomas KA, et al. Effects of bone

mineral density on pedicle screw fixation[ J]. Spine, 1994, 19

Brazilian Journal of

[17]

[18]

[19]

(21) :2415-2420.

Wacker M, Holick MF. Vilamin D——Ellecls on skelelal and
extraskelelal health and the need for supplementation [ J].
Nutrients,2013,5(1) :111-148.

Gendelman O, Iizhaki D, Makarov S, el al. A randomized
double-blind placebo-conlrolled study adding high dose vitamin D
lo analgesic regimens in palienls wilth musculoskelelal pain[ J].
Lupus, 2015,24(4-5) :483-489.

ERM, THLGIR, . BITE T ABME 25 BELERD R
A AL R RS [T ], AR W RS 4% 75, 2015,21 (5)
618-623.

Li changzhou, Yu li, Tang xin, et al. Study on the change of
serum 25 hydroxy vitamin D and calcium levels during
perioperative period of fractures[ J]. Chin J Osteopores,2015,21
(5):618-623. (in Chinese)

(ks B #1: 2018-01-14 ;& ] B #] . 2018-04-02)



