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Clinical and Radiographic Outcome of Shoulder Function after Unreamed
Antegrade Intramedullary Nailing for Humerus Fracture: Ultrasonographic
Evaluation for Rotator Cuff Integrity

Seung-Hoon Baek, M.D., Chang-Hyuk Choi, M.D.*

Department of Orthopaedic Surgery, Kyungpook National University, Graduate School of Medicine, Daegu,
Korea, Department of Orthopaedic Surgery, School of Medicine, Catholic University of Daegu, Daegu, Korea*

Purpose: The purpose is to perform objective evaluation for rotator cuff using ultrasonography and validate factors
influencing cuff integrity as well as efficacy of follow-up ultrasonography after unreamed antegrade intramedullary nail-
ing for humerus fracture.

Materials and Methods: Seventeen patients with an average age of 55.7£18.6 years underwent antegrade
intramedullary nailing for humerus fracture and follow-up ultrasonography of shoulder joint. Mean follow-up period was
43.5132.2 months. Intraoperative evaluation for preoperative cuff tear was performed, of which four cuffs were repaired
by single row repair technique. Clinical evaluation included visual analogue scale (VAS), range of motion, Korean
Shoulder Scoring System (KSS) and American Shoulder and Elbow Society (ASES) score. Ultrasonographic evaluation
was performed on cuff integrity and protrusion of proximal nail tip as well. Radiographic evaluation included time to union,
protrusion of proximal nail tip and migration of proximal interlocking screw which could affect shoulder joint function.
Results: Mean VAS at last follow-up was 1.65%1.84 points. Range of motion showed forward flexion of 137.0+
3357, external rotation of 43.5212.7° and internal rotation of 16.4+2.0° while KSS score and ASES score were
79.6£20.7 and 83.7%17.0 points, respectively. Bone union was demonstrated in all cases and average time to union
was 3.4%1.3 months. Migration of proximal interlocking screw was shown in 6 cases (35%). On ultrasonographic
evaluation, there were normal in 8 (47%), weaving in 4 (24%), partial tear in 5 cases (29%), but no complete tear.
Protrusion of proximal nail tip was demonstrated in 8 cases (47%) on plain radiographs whereas in 11 cases (65%)
on ultrasonography and was associated with increasing age (p=0.038). Ultrasonographic weaving and partial tear
was associated with protrusion of proximal nail tip (p=006), but not with repair of preoperative tear (p>0.05).
Conclusion: Because weaving and partial tear on ultrasonography originated from protrusion of proximal nail tip,
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careful insertion of nail and meticulous repair of cuff during operation lead to stable fixation with satisfactory recovery
of shoulder function follow-up ultrasonography can be a useful tool for evaluating protrusion of nail tip and rotator cuff
tear, of which diagnosis is difficult on plain X-ray after antegrade intramedullary nailing for humerus fracture.

Key Words: Humerus, Fracture, Intramedullary nail, Ultrasonography, Rotator cuff tear, Nail tip protrusion

S — Oy X BE

deba HAE Qe s wet 1 WETt 1. A CHAHDemographics)
7kt glom M Hleed A 5E £ d9s d
< oy BigEd g o] A, i &4 Eo| Ao F4Z I U 54 WA
24 &4 (segmental fracture), ¥ Fo44 =5 Ay, FA] A3 253 HAP) 7hss)
(floating elbow) % 7zt (shoulder girdle) ¢ QW 1785 oz st A dolA &5 A
&Aool Aek A WA A, AR =4, F2 A M A E FAskl, Add 253 AR 5
74 W g3 EAo] FRkE Aol 4 a7t Zdolol FAIGlol FAA HSo0] 7he gt dHafoll A
HAeshrh ™ HE dust Yugdess olgst AE A&t EA 109 (59%), oA 7 (41%) ©]
84 U 117 % (biologic internal fixation)©] 7% A, Hi AHE 55.7H18.6419°0H, Hx &
Holl whef, Aok =9 A 7ol QoA =7 T g FA 717 43513227090t A
+474 4% (intramedullary nailing) 9 243 1S WEALY 84 (47%), I 78 (41%), 7]
£4 £59% 44Y<% (minimally invasive plating) 21 (12%) 1, =4 F-9+= 9% 941 (63%), 3F
o] F&EWky gl B 74 (41%), 434 14 (6%) 4o, Ao

Z74U 25488 o] 1gde A4 & H 7 =4 ol
s Hagbelo] 2uS Fo dF 9 HESH,
T Algre] a0 E7d gy o R Qg 1YY 2. £ 4 (Surgical description)
S7F 9 A7k oA a3t SEREYg 9T
(failure strength) % 3™ 3} = A Ao £ T4 & A 9 717 it 4.0£3.5901% 11,
FHol oy ZE54 AFYAl sl A S T AdlelA vlad 4 Y E<E (closed reduction)
gl o] Z st & & AA )5l st Aol =5 = HgEd 58S stk 108 (59%) el A
o] QUup. oo ny et = 2 Sl Il e el of Polarus nail (Acumed®, Beaverton, USA)©], 74|
3 253 5O AAA AALE o] &3k 2] o] AT (41%) 9A] MDN Humeral nail (Zimmer®, Warsaw,
= vugk APor Y gLo] ol &5 AT /) USA) & A+ttt
el S A 5 Qe 1Y A9 A A= al QA; Aol A A Mol BAE
NS 71950 W 55 29 HF =21 Qs ALFelA ok 5 eme] 95 dAINE 7hekal At
AE35 = (subacromial impingement)?%1%141920 AR 9 F3H1/3 F9& st sd s A
s AAE obA A7} F-Fsk Aol o] o A o] FaHF] w22 (split) 3 ¥, FEE QS
A s Zdo o8l vy A3 5% 3l e &S Hasletr] S8l dukdQl B
W d % (unreamed antegrade intramedullary R £ U5l A48 e A2 N8 S
nailing) A& & Z53& o] g3ato] A 7] A st =E54S At 554 AdAlele B
g o] TS A= AAE ABAH SR Hrtear, ZO =% st T A5 1A F5F S A
FA 2L 892 gelEqlth 71A A1ekedar, WAl (mallet) & 7154 AHE8HA]
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S of: HISRA NEN A 348 DESS AR IS Uf
474 29 ROt deE T waunc okl $
HES A =54 Adle el Ao S )
= HEFT4 2 AR 29 Ethibond & o] &-3te] 71—
A BUeAAT, FAAE T TR R, 4T
9, 3454 3% 9 AR 20)2 AE sl
S 5ANT 49 (24%) oA BT 7)) o] A
¥l (Table 1), 3t@o] #zd A oNAN =54 4
A T TFHAL (5.5 mm metal Corkscrew
3

Arthrex®) & o] &3 @44 =S A dsith

3. QAR U WA SIS T}

ER = |

(Clinical and Radiographic Evaluation)

A H7t= HF FAIA] visual analogue scale
(VAS), &5 B =3 23d 9 sl &
H7Vsk 2™, Korean Shoulder Scoring System
(KSS)?" 9 American Shoulder and Elbow

Society (ASES) 5?25 2

WA 7k &= $ W A ASH Jdebd
e AR AR Z {7 =
= 9 29 W e ol & Frbek o (Fig. 1).

ABE 253 Ares & F H 27.8+28.97
Aol A3+ 17, Philips HD11 XE (7.5 MHz,
Philips Medical systems®, Bothell, USA) & o] &
;}01 S| N AH, 554 29 AP =5 o
glstivh(Fig. 1). 253 AAMS ﬂﬂl 74 9]
JH &= 223 2540l Kol A& 4t
< (complete tear, type HE, A3 ﬂﬂﬂ 7N 9}
vl ato] T8 20% ol FEA o R &S0l
A9+ F-531< (partial tear, type 3) 2, &
4L oy SHdE Y =5 FoE A% 3
A 718 & 5o] Hole A9+ =3HsH(weav—
ing, type 2) &, 3| 718 =13 glo] A&HA
of FAHM, 20%v|7e] T W3E Kol A%

>'l'Ul

Y 2 %0 & ol
ruwrir |

¢

Table 1. Comparative data which are related to location of fracture

Preexistent RCT Intact RCT p-value

Number of shoulders (cases) 13 NA
Years of age, Mean=*SD* (years) 725*t11.6 50.6£17.5 0.034
Time to operation, Mean = SD* (days) 40%+3.2 41+3.8 0.971
Gender (cases) 0.103

Male 7

Female 4 6
Cause of injury (cases) 0.282

Trauma 7

Fall from standing height 4

Others 2
Time to Union = SD*, months 3.0+£0.7 3.6+1.5
Screw pull-out (cases) 3 0.099
Nail tip protrusion On X-ray (cases) 5 0.294
Nail tip protrusion On US (cases) 8 0.633
Cuff status (cases) 0.765

normal 7

weaving 3

partial tear 3
KSS, Mean £ SD* (points) 71.5£19.0 82.1£21.2 0.388
ASES, Mean £ SD* (points) 83.0£8.1 83.91t19.2 0.934
VAS, Mean £ SD* (points) 2524 1.4*1.7 0.303
ROM, Mean=*SD* (degrees)

forward flexion 132.5+29.9 138.5+35.6 0.767

external rotation 42.5%15.0 43.9*12.6 0.860

internal rotation 16524 16.4*2.0 0.924

* SD: standard deviation

RTC: rotator cuff tear, NA: not applicable, US: ultrasonography, KSS: Korean shoulder scoring System, ASES:
American shoulder and elbow society score, VAS: visual analogue scale, ROM: range of motion
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= AA(normal, type 1) &2 % 283 th(Fig. 1).”
4. EAIEHE 2M (Statistical Analysis)

EA A AL Statistical Package for the
Social Sciences (SPSS®, Chicago, USA)E o] &
3} a1, Fisher's exact test, Mann—Whitney
test W A S o] &3t M E Bl wEkqlt.

24 ﬂ'l.

AGA H7PE HE FAIA VASE H4 1.65+
1.84, &% W8+ AW =3 H+ 137.0£33.5°,
9|3l Hit 43.5512.7°, W d H 16.4+2.0°
ATh KSSHAF+= Hd 79.6L20.780131 01,
ASESH 4= Ht 83.7£17.040)Q0th 4 52

ez fd2 719 IS v gdT (50.64) Bt 1
g o] 2 (72.54) ol AEA 1 (p=0.034),
FAIA EEWY, KSSHS 2 ASESHF¢ &
Ho] 1At (p>0.05) (Table 1). FAA AF &
3 717+ (p=0.073), VAS A+ (p=0.115), &=
WY (A ZF3 p=0.231; 93 A, p=0.759; W3]
A, p=0.394), HFFAA KSSHF(p=0.098) %
ASESA < (p=0.156) &}= #edo] gllt).
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QRAF=E ugoA kel 1 (p=0.001), o
oA Tetel o™ (p=0.009), VAS7} & 733
(p=0.055)& HAT}H(Table 2).

AR 253 AAPY AT s 44 84 (47%),
=393 48 (24%) 2§29 58(29%) 7F &
ZE o} e By A okodth 229 7
AE EE A 522 F 11d(65%) oA &
HA L, olF 38 (27%) = FA S iARA ARRA
=S $9T F gl oy =59 AAReA

ox i

1:!"?L = \l T OBA M —
gold SE At (Fig. 1). s)dZWe &= w3 4
ToHde 254 JE 253 #Ado] ey
(p=006), =4 L] HFoFot= Ho] gl
}(p=0.765) (Table 1, 3). &4 HP} 252
139 oA T35 0 (p=0.038), HE F
AlA] %W 9], VAS, KSSHS4 W ASESH G 94+
o] A tH(P>0.05) (Table 3). 7|E} 0
25 Ad 8 146%), A4 3 18 (6%) 7t
EE

N

.
e

g Bz 2
474 1) WHOR AHH I glor)
Aol ket tegko] Qi 3ol Tk o] ¢ gk of
Aol gelow ARe FES oIS T4 WY
£ ol 9 olof gk H7h Yol Axfubch 2ol
g nolqen £ g T S0 Q
& B2 ) £g0e) T AEe ot
Zahol? £a o5 ado] Y4H A vA:

Fig. 1. (A) Anteroposterior and axial view on preoperative radiographs demonstrated 3 part fracture according to
Neer classification at left shoulder in female with the age of sixty-nine. (B) Two proximal interlocking screws
were removed on the same views taken at 1 year after index operation. Definite protrusion of proximal end
of the nail was not shown on the radiographs. Fracture was stabilized with Polarus nail® and tear of rotator
cuff was not encountered at the time of operation. Union was gained at the follow-up of two and a half
months. (C) Ultrasonography was performed at the follow-up of 1 year. Longitudinal scan showed weaving
of rotator cuff (arrow head) and protrusion of proximal nail end (arrow). VAS, KSS and ASES score were 2,
80 and 82 points, respectively. The patients demonstrated forward flexion of 140, external rotation of 50
and internal rotation of 17 degrees at the follow-up of 1 year.
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FFol =t ol 71 g0 A8t} &R Qb HF FAY AwE Y Vs
w54 Wis ABS 342 A &4 9L A o of Aol gl Ao s e M o= =
R d=go] glom ienitn Had £z el &4 R EE B4 gRRAN 254 A7 F 2
s Bl AN ARAQ E4E de] Sl gl A Tlsol A5 S5 AA B2 A
< 7l 34 (rotator cuff mterval)°ﬂ ANE Q1 o] A QA7 AurA ol §HA A2 A 5o
TS dE2d W59 A olFd AT el HlE FY uSsel fAs], dddor dRt ¥
AANT I B», S5 A5 fAdd S Reln Aol d Aol £ Ao AYelm
of Aleh WY o) 2/ T ek B AT Tk HEo] 285 AN A5 )8 FA7)
A 7)o e Abgeta o SAT  tha 2 (thinning) s 4310 BREHTE, o
N E4e Ansap) g FAAL A7) 247] U7 o] A Aol v L JFe 2R
E o] gotA & 7k A WSHelM S8 HEFeR AoR B Qi
e & A T8 Adsto] Aloks FR T0A] 0172 =219 45% oldelM T4 S F
T3S AR F S SRR olgste A S A ) shedol EAlel, 53] 1% 4
AotA e ANBToEHA, 554 HF 5E0] Aol Hdd] Fod AR AAHL gl
S 68 BiolA Add 230 A A2 A ﬂ% 0 01:M I 3tef| whE Rl A o ks =4
478 AT A% ATAIAE 359 AYA 3 o R kel n ok # AT £ He
Az e BesdeE 357 20} AZe T 719}2 o A% 449 AT ) AL FAT 5
Table 2. Comparative data which are related to location of fracture
Proximal Shaft p-value
Number of shoulders (cases) 9 7 NA
Years of age, Mean=*SD* (years) 67.9+11.4 39.6+14.8 0.001
Time to operation, Mean = SD (days) 2.891+2.09 5.00+4.69 0.300
Gender (cases) 0.009
Male 1 6
Female 8 1
Cause of injury (cases) 0.058
Trauma 3 4
Fall from standing height 6 1
Others 0 2
Time to Union=* SD, months 2.891+0.48 4.07*1.84 0.083
Screw pull-out (cases) 4 2 0.633
Nail tip protrusion On X-ray (cases) 6 1 0.060
Nail tip protrusion On US (cases) 8 3 0.106
Cuff status (cases) 0.107
normal 2 5
weaving 4 0
partial tear 3 2
KSS, Mean £ SD (points) 74.44+21.98 91.29+9.16 0.079
ASES, Mean=*SD (points) 78.331+20.48 92.14+7.88 0.115
VAS, Mean= SD (points) 2.00*1.66 0.57£0.79 0.055
ROM, Mean=*SD (degrees)
forward flexion 131.11+33.33 151.43£29.11 0.223
external rotation 44.44+11.30 45.71+12.72 0.836
internal rotation 16.11£2.20 17.29+t1.11 0.221

* SD: standard deviation

NA: not applicable, US: ultrasonography, KSS: Korean shoulder scoring System, ASES: American shoulder and
elbow society score, VAS: visual analogue scale, ROM: range of motion
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AR, & s AW F HF FAG vgkd AdEF dEstzel H4 5 mm ol FEAIA
woll vla] 9732 Ao Aol LA g glleh. 8pY oju] B& 3| HAA FA 7] skl oy ke
ek, A e S-S AlRTTE =4 3 A A glets S AAE JAR 22T O
Slw FARRY HES B ANE IS £ 9le AT G 5 e 0w AET B
Aoz ZgqEY, 54 Yugdedd Aesd 47 & F AHHL A8 §F5 9 25AES 548
AH Ae nHUTE wAdAel 27] Aol & AS, FA wE WA A D 287 Ak
7bestal, ] o ddAtel FRtE Y] A Al Fek] 25 AE 5F ofF Y o|® d% I
SN s Ed QL AR 5 e Aol de A e EFHE Felstoiof & Flojt} & AT
o7 AtmEth Ty, 47%00M BEE 254 < A HF 2F A A9 V1Y LR B
A AR EZddaMe FFFd g2 TdE 5 ", 538 ¥ #AoM 28 (p=0.038) A
8 shQlstojol & Ao ke ok ol aFelA 9% =do]l % (p=0.001)
FHY AR B2 o2 AV ARG FES F o 29 aghAEe) 29 A9 F59E 9
£4 14E F AY FT)A AHd Ve AS Adete s A&l AN, HF FHde %=
g op/lsh Betd 490 AAH L Gk wAAE kAW 68 (35%) ol A el 29w
ol BT A F& BAAT nA AT Ul Pk ool AN GFE v A0 ARHL,
ugE 29 olvo® MAss Aow defA gl = AN s 554 JAN 250l AN ==
om W ugEe) AAVE A & Ak 1 RS9 ghda dA7E Qo] SlE AL, 3ol A
P ol R E714Y SRR S5 ANE b 35Y AY B30l v Ak ARl 3
Table 3. Comparative data which are related to protrusion of nail tip on US
Group with Group without |
protrusion protrusion p-value
Number of shoulders (cases) 11 6 NA
Years of age, Mean* SD* (years) 62.461+17.48 43.341t14.51 0.038
Time to operation, Mean = SD (days) 3.27£3.72 5.50*2.95 0.227
Gender (cases) 0.162
Male 3 4
Female 8 2
Cause of injury (cases) 0.123
Trauma 3 5
Fall from standing height 6 1
Others 2 0
Time to Union=£ SD, months 3.05+0.52 4.17£2.02 0.235
Screw pull-out (cases) 5 1 0.333
Cuff status (cases) 0.006
normal 2 6
weaving 4 0
partial tear 5 0
KSS, Mean £ SD (points) 78.00£20.91 82.50+21.82 0.682
ASES, Mean=SD (points) 81.091+19.14 88.33+£12.29 0.419
VAS, Mean=SD (points) 2.42+157 1.67+1.64 0.975
ROM, Mean=*SD (degrees)
forward flexion 132.73+34.67 145.00+32.71 0.488
external rotation 42.73+13.48 45.00£12.25 0.737
internal rotation 16.45£1.97 16.33£2.25 0.910

* SD: standard deviation

NA: not applicable, US: ultrasonography, KSS: Korean shoulder scoring System, ASES: American shoulder and
elbow society score, VAS: visual analogue scale, ROM: range of motion
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