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ABSTRACT Objective: To investigate the application of CT and magnetic resonance imaging (MRI) three-dimensional
reconstruction in the diagnosis of occult fractures of the extremities. Methods: From September 2016 to October 2019, 118 patients with
occult fractures of the extremities were selected as the study subjects. All patients were underwent CT and MRI scan three-dimensional
reconstruction diagnosis, recorded the imaging features and were to determine the diagnostic values. Results: There were 98 patients were
diagnosed as occult fractures of extremities in the 118 patients that included 34 patients with wrist fractures, 22 patients with ankle
fractures, 15 patients with knee fractures, and 15 patients with elbow fractures, 8 patients with shoulder fracture and 4 patients with hip
fracture. In the 98 patients of occult fractures of the extremities, MRI three-dimensional reconstruction showed that the bilateral signs,
bone destruction, aeration sign, soft tissue shadows were significantly higher than CT (P<0.05). The sensitivity of CT and MRI
three-dimensional reconstruction in the diagnosis of occult fractures of the extremities were 89.8 % and 99.0 %, the sensitivity were 95.0
% and 100.0 %, and the misdiagnosis rates were 9.3 % and 0.8 %, respectively. The sensitivity of MRI three-dimensional reconstruction
diagnosis were higher than the CT, the rates of missed diagnosis were lower than that of CT. Conclusion: Three-dimensional
reconstruction of CT and MRI scans are of great values in the diagnosis of occult fractures of the extremities. In particular, MRI
three-dimensional reconstruction can clearly show the fracture characteristics, have higher diagnostic sensitivity, and can reduce the rate
of missed diagnosis that can be used as the first choice for occult fractures of the extremities.
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Table 1 Comparison of imaging features of MRI and CT in the diagnosis of occult fractures of the bones and joints of the extremities (n,%)

Groups n Double contour sign Destruction of bone Inflation sign Soft tissue shadow
MRI 98 97 (99.0)* 97 (99.0)* 97 (99.0)* 96 (98.0)*
CT 98 90 (91.8) 91 (92.9) 89 (90.8) 88 (90.0)

Note: Compared to the CT group, *P<0.05.

*®2 CT 5 MRI =4 EZ S NBEEX T REEFRHNE B1,%)

Table 2 Value of three-dimensional reconstruction of CT and MRI in the diagnosis of occult fractures of the bones and joints of the extremities (n,%)

CT MRI 3D reconstruction
Diagnosis Total
Positive Negative Positive Negative
Positive 88 10 97 1 98
Negative 1 19 0 20 20
Total 89 29 97 21 118

%3 CT 5 MRI Z#EZ LI MR EXTREEFITNSRE FRESIRISEILLB, %)

Table 3 Comparison of sensitivity, specificity and misdiagnosis rate of three-dimensional reconstruction of CT and MRI in the diagnosis of occult

fractures of limbs and joints (n,%)

Method Sensibility Specificity Misdiagnosis rate
MRI 99.0 (97/98) 100.0 (20/20) 0.8 (1/118)
CT 89.8 (88/98) 95.0 (19/20) 9.3 (11/118)

Pt SR N S IV T S e S DA U NS E N U (BTN
Oy B HE BT o IRBHETRISAA B T2 nl X R 10 B A B i
AN AT AR (4 PR RO , A S TR A Sy AR R
TE 118 {3 L v B M2y DU BB 519 B BV A4 98 491, T
BT 20 B, FEPBEOCT BT 34 4], BROCTY B4 22 ), B
BT IS GRS E T 1S 61,08 S E T 8 i, #ioe 1 BT 4
ol WL X LA A AR e R — L DU R O BB P 4T, LA
T B 0 BT, WAL M BRE iz M
T XL, CT Kt B A, B R St
SRR T RIS E R RS . RN 22 RE CT nl T
B B AL B0 PRl R B R, R DG AR A I, T2
JEAL PR CT 1445 2 R AT E R 2 W5 B, A B TR DU i
HRWREEEITIIZRTRP, A CT X a3 inEse
R VEATEGEIY B BT I R BUSCR B2  TE R YA 4
IS W A7 A — a2 SR R, MR 2 Wi B V4 e f 4 T
Bez— 2B RS SR . HO S B S
HEHRAT AR i 70 HEA, R T S B AT R T2 5 ] T
AL MR =2 O 7R 22 T B B R
LB ek b REAx i 1 i BT AN AL AL SR LR A2
PG DL, dL T T2 Bl b B X, , ol T s B R 40
MRIEERS , B RUE G BT RAL, REAS FOWE BLE TR AL
YA JC R L B BT B R

BB T S G I S ek RAEAR 9 — PR 54T, T2 i
AT ERF TS AFI, PR I2 TR B 4T 2B e B,
T PO B T — HUR AR BB 4, G D RE & 32 BIAR K
i, J=E R AR LR T T . 2 JRIRE CT R A )

R =i E AT 2R IR, e B E R A E
XL STAR 2 A BEER I A, , 30 BV BT S T JRE ST 1 i 2
BT S NE B I BT O R BT L,
AN ST TR BN E A%, HIBeE AR B R S o
B, CT ARMEERS s BT IGO0 BROCH BB R N A S M E &
Kz — AR LN ES, CT AW RE B A 5 oR BT
FREP, AT B TAMES , hilifg CT M R
WRAE YT SR E YT, [FIRTAR 2 B 3 8 TR e
CT RIUN B Fib , 5% B AL, B S 28, dn] 2R SR
A5 A H B B BB ST I R AU ™, ARFSY SR 7E
98 {512 14 I A3 B DG 1 B B ki A v, MIRT = 4 2 4 Wl s X
AE VBN TR A U A5 L 2588 m 1 CT, 22
TET MRI ] PR HTB A3 0 AT 2, BERSEE 0 0C 1T AN [F]
SEF S XS WIS R T = A B RE A, T 6T S B e B T O
e 10 BB, I H MRI RERSAR A0 R R 4454
It HXTLH LN R ROK I B2 230 MRS5S B2, T
R T2 WK, RN MRI =4 @k 3h 259 £
SRS e AT AN B0 7R s L FVE i K S
A5 TGRS W S E AL B B R B P, I HoRA
SR AN ATRO ST RS, W THMNES
R AE, X TR BT MR R LS A B R
AT LR EEEET

W B P AT ) B AR A B B A/ N N Y,
NAR DY SR A, 32 AN R0 E-BERZ I, R AR G X et
ARFFERR CT 5 MRI = 4 8 F2 Wi DU i B OG5 B Pk - 4t
Y EBURRE S 89.8 %1 99.0 %, FESE MR 95.0 %A1 100.0 %, 1%



DREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol20 NO.22 NOV.2020

- 4347 -

BHRIHIN 9.3 %F1 0.8 %, MRI = 4 T 1412 Wi i) S0k 5 T

CT,IWiZHRMET CT. Hrh ZZIR)i€ CT nl N2 T7 i LA

W, —E R EAR R TR B T RORE A b 2 B K

Az T MRIXAR AL 5 R L, JCHRAE R E B b A W

DEH, 25 77 FIREAS 5 .7 B PN B T8 P )1 K B, L B &

U FR A AT o I FLJ 2 =24 7 g ] 3 Il s e AT

&R RBALEOL, AT 22 ff A SR B R 1 BT AT

A A A X B B R BT RIS AR AL T R R

WG . Ak MRIBAG A 9 AT L , S A2 IR a] FUAC I, dAy

—EMRELS R, I BRI AN B EEEE R FI MR

A BT A GETRN BGTE T — D50 AT R

BT

B2, CT 5 MRI 7 — 2 8 A7 DU RO OG5 e e e A3

LW B AR A ARG RO, R MR =2k i i RE T Bl

BRBYRHE, HA S B2 WU , BRI T2, TRy

VO O B B P B AT B o AR A TV

% % 37 #f(References)

[1] Weinberg FM, Speksnijder CM, Forouzanfar T, et al. Articular soft tis-
sue injuries associated with mandibular condyle fractures and the ef-
fects on oral function [J]. Int J Oral Maxillofac Surg, 2019, 48(6):
746-758

[2] Wong SBS, Peh WCG. The role of magnetic resonance imaging in the
evaluation of scaphoid fractures[J]. ] Med Radiat Sci, 2019, 66(1): 3-4

[3] WuJ, Han Z, Wang Q, et al. Inferior displacement of greater tuberosity
fracture suggests an occult humeral neck fracture: a retrospective sin-
gle-centre study[J]. Int Orthop, 2019, 43(6): 1429-1434

[4] Yavuz IA, Yildirim AO, Oken OF, et al. Is It an Overlooked Injury
Magnetic Resonance Imaging Examination of Occult Talus Lesions
Concomitant to Tibial Shaft Fracture [J]. J Foot Ankle Surg, 2019, 58
(3): 447-452

[5] Fu FH, Rabuck SJ, West RV, et al. Patellar Fractures After the Harvest
of a Quadriceps Tendon Autograft With a Bone Block: A Case Series
[J]. Orthop J Sports Med, 2019, 7(3): €2325967119829051

[6] Gibney B, Murphy MC, Ahern DP, et al. Trapezium fracture: a com-
mon clinical mimic of scaphoid fracture [J]. Emerg Radiol, 2019, 26
(5): 531-540

[7] Giran G, Pare A, Croise B, et al. Radiographic evaluation of percuta-
neous transfacial wiring versus open internal fixation for surgical
treatment of unstable zygomatic bone fractures [J]. PLoS One, 2019,
14(8): 0220913

[8] Kellock TT, Khurana B, Mandell JC. Diagnostic Performance of CT
for Occult Proximal Femoral Fractures: A Systematic Review and
Meta-Analysis[J]. AJR Am J Roentgenol, 2019, 213(6): 1324-1330

[9] Lehreitani ML, Abid H, Marcaillou F, et al. Triplane fracture of the
proximal end of the tibia: a rare lesion (case study and literature re-
view)[J]. Pan Afr Med J, 2019, 32: e46

[10] Li GY, Xue MQ, Wang JW, et al. Traumatic brachial plexus injury: a
study of 510 surgical cases from multicenter services in Guangxi,
China[J]. Acta Neurochir (Wien), 2019, 161(5): 899-906

[11] Mabry LM, Patti TN, Bleakley CM. Radiographically Occult Medial
Cuneiform Impaction Fracture [J]. J Orthop Sports Phys Ther, 2019,
49(9): €675

[12] Malahias MA, Nikolaou VS, Chytas D, et al. Accuracy and Interob-
server and Intraobserver Reliability of Ultrasound in the Early Diag-
nosis of Occult Scaphoid Fractures: Diagnostic Criteria and a Way of
Interpretation[J]. J Surg Orthop Adv, 2019, 28(1): 1-9

[13] Noh J, Lee KH, Jung S, et al. The Frequency of Occult In-
tertrochanteric Fractures among Individuals with Isolated Greater
Trochanteric Fractures[J]. Hip Pelvis, 2019, 31(1): 23-32

[14] Park J, Cha Y, Kang MS, et al. Fracture Pattern and Periosteal En-
trapment in Adolescent Displaced Distal Tibial Physeal Fractures: A
Magnetic Resonance Imaging Study [J]. J Orthop Trauma, 2019, 33
(5): €196-e202

[15] Rava A, Fusini F, Cinnella P, et al. Is cast an option in the treatment
of thoracolumbar vertebral fractures? [J]. J Craniovertebr Junction
Spine, 2019, 10(1): 51-56

[16] Raval P, Mayne A IW, Yeap PM, et al. Outcomes of Magnetic Reso-
nance Imaging Detected Occult Neck of Femur Fractures: Do They
Represent a Less Severe Injury with Improved Outcomes? [J]. Hip
Pelvis, 2019, 31(1): 18-22

[17] Shah NG, Keraliya A, Nunez DB, et al. Injuries to the Rigid Spine:
What the Spine Surgeon Wants to Know [J]. Radiographics, 2019, 39
(2): 449-466

[18] Sharma UK, Dhungel K, Pokhrel D, et al. Magnetic Resonance Imag-
ing Evaluation of Musculoskeletal Diseases of Ankle and Foot [J].
Kathmandu Univ Med J (KUMYJ), 2018, 16(61): 28-34

[19] Siebenburger G, Grabein B, Schenck T, et al. Eradication of Acineto-
bacter baumannii/ Enterobacter cloacae complex in an open proximal
tibial fracture and closed drop foot correction with a multidisciplinary
approach using the Taylor Spatial Frame (R): a case report [J]. Eur J
Med Res, 2019, 24(1): €2

[20] LiJ, Tang S, Zhang H, et al. Clustering of morphological fracture
lines for identifying intertrochanteric fracture classification with
Hausdorff distance-based K-means approach [J]. Injury, 2019, 50(4):
939-949

[21] Malahias MA, Nikolaou VS, Chytas D, et al. Accuracy and Interob-
server and Intraobserver Reliability of Ultrasound in the Early Diag-
nosis of Occult Scaphoid Fractures: Diagnostic Criteria and a Way of
Interpretation[J]. J Surg Orthop Adv, 2019, 28(1): 1-9

[22] Bahcaci U, Demirbuken I. Effects of chemotherapy process on postu-
ral balance control in patients with breast cancer [J]. Indian J Cancer,
2019, 56(1): 50-54

[23] Chunara MH, Mcleavy CM, Kesavanarayanan V, et al. Current imag-
ing practice for suspected scaphoid fracture in patients with normal
initial radiographs: UK-wide national audit [J]. Clin Radiol, 2019, 74
(6): 450-455

[24] Duarte-Silva M, Rodeia J, Gomes TM, et al. Irreducible Acute Patellar
Dislocation due to a New Anatomical Variant - the Notched Patella[J].
Rev Bras Ortop (Sao Paulo), 2019, 54(1): 90-94

[25] Amrami KK, Frick MA, Matsumoto JM. Imaging for Acute and
Chronic Scaphoid Fractures[J]. Hand Clin, 2019, 35(3): 241-257

[26] Angoules AG, Angoules NA, Georgoudis M, et al. Update on diagno-
sis and management of cuboid fractures[J]. World J Orthop, 2019, 10
(2): 71-80 (%% 4278 T1)



- 4278 -

DREYESSHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol20 NO.22 NOV.2020

de novo coronary artery stenosis [J]. Am J Cardiol, 2018, 71(11):
1033-1034

[15] 45 RE, ok SRR, E 54, . R RMAES IR E L RAANKG B I
F 08K e B 5[] 6 R B3, 2020, 35(6): 521-524

[16] Hendricks BK, Spetzler RF. Vertebral Artery to Common Carotid
Artery Transposition: 2-Dimensional Operative Video [J]. Oper Neu-
rosurg (Hagerstown), 2019, 17(5): 198-199

[17] Ota T, Fujitani S, Fujimoto S, et al. A Rare Anomalous Origin of the
Right Vertebral Artery from the Internal Carotid Artery with an Aber-
rant Right Subclavian Artery [J]. World Neurosurg, 2020, 7 (139):
250-252

[18] Wang Y, Ma Y, Gao P, et al. First Report of Drug-Coated Balloon
Angioplasty for Vertebral Artery Origin Stenosis [J]. JACC Cardio-
vasc Interv, 2018, 11(5): 500-502

[19] Lu T, Liang J, Wei N, et al. Extracranial Artery Stenosis Is Associated
With Total MRI Burden of Cerebral Small Vessel Disease in Ischemic
Stroke Patients of Suspected Small or Large Artery Origins [J]. Front
Neurol, 2019, 21(10): 243-244

[20] &, HLE, s, F R RRBELREARE BRED
Jo e B & o [0]. P e s d R 40 &, 2019, 21(3): 282-285

[21] Che WQ, Dong H, Jiang XJ, et al. Clinical outcomes and influencing
factors of in-stent restenosis after stenting for symptomatic stenosis of
the vertebral V1 segment[J]. J Vasc Surg, 2018, 68(5): 1406-1413

[22] Qureshi Al, Wang Y, Afzal MR, et al. Vertebral Artery Origin Stent
Placement Using the Dual Lumen Qureshi-Jiao Guidecatheter [J]. J
Vasc Interv Neurol, 2017, 9(6): 38-42

[23] Wolska-Krawczyk M, Drunck M, Behnke S, et al. Risk Factors for
Restenosis After Stenting or Angioplasty of Vertebral Artery Origin :

Results of Short-term and Long-term Follow-up[J]. Clin Neuroradiol,
2020, 30(2): 355-362

[24] LiJ, Hua Y, Needleman, et al. Arterial occlusions increase the risk of
in-stent restenosis after vertebral artery ostium stenting[J]. J Neuroint-
erv Surg, 2018, 10(10): 1016-1019

[25] Shao JX, Ling YA, Du HP, et al. Comparison of hemodynamic
changes and prognosis between stenting and standardized medi cal
treatment in patients with symptomatic moderate to severe vertebral
artery origin stenosis [J]. Medicine (Baltimore), 2019, 98 (13):
14899-14900

[26] Chen W, Huang F, Li M, et al. Incidence and predictors of the in-stent
restenosis after vertebral artery ostium stenting [J]. J Stroke Cere-
brovasc Dis, 2018, 27(11): 3030-3035

[27] Geng X, Hussain M, Du H, et al. Comparison of self-expanding stents
with distal embolic protection to balloon-expandable stents without a
protection device in the treatment of symptomatic vertebral artery ori-
gin stenosis: a prospective randomized trial [J]. J Endovasc Ther,
2015, 22(3): 436-444

[28] Zheng D, Mingyue Z, Wei S, et al. The incidence and risk factors of
in-stent restenosis for vertebrobasilar artery stenting[J]. World Neuro-
surgy, 2018, 4(110): 937-941

[29] Dinoto E, Pecoraro F, Mirabella D, et al. Endovascular Treatment
with Drug-Eluting Balloon for Severe Subclavian Artery Stenosis In-
volving the Origin of the Vertebral Artery [J]. Transl Med UniSa,
2020, 20(21): 35-37

[30] Rangel-Castilla L, Gandhi S, Munich SA, et al. Experience with ver-
tebral artery origin stenting and ostium dilatation: results of treatment

and clinical outcomes[J]. J Neurointerv Surg, 2016, 8(5): 476-480

(#4347 )

[27] Saydam M, Sahin M, Yilmaz KB, et al. Correlation of pelvic frac-
tures and associated injuries: An analysis of 471 pelvic trauma pa-
tients[J]. Ulus Travma Acil Cerrahi Derg, 2019, 25(5): 489-496

[28] Taha T, Mahmoud K, Attia A K, et al. Delayed Soft Tissue Necrosis
in an Atypical Closed Calcaneal Fracture: A Case Report[J]. J Orthop
Case Rep, 2019, 9(2): 11-14

[29] Tomori Y, Nanno M, Takai S. Closed rupture of extensor tendon re-

sulting from untreated Kienbock disease: A case report and a review

of the literature[J]. Medicine (Baltimore), 2019, 98(33): 16900

[30] Toor H, Bowen I, Zampella B, et al. Efficacy of Trauma Catheter and
Mushroom Tip Catheter in Evacuation of Chronic Subdural
Hematoma and Complications of Drain Placement [J]. Cureus, 2019,
11(7): e5123

[31] Wang H, Wang C, Ruan J, et al. Asymmetrical bilateral sternoclavic-
ular joint dislocation combined with bilateral clavicular fracture: A

case report[J]. Medicine (Baltimore), 2019, 98(28): €16359



