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Operative treatment of two-part surgical neck fracture of the humerus:
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Abstract

Objective: To compare the outcomes of patients wiaerwent either open reduction internal fixatiothw
a locking plate and screws or closed reductiorrimatefixation with an antegrade intramedullary (Ikgil
for displaced surgical neck fracture of the humerus

Design: retrospective comparative study
Setting: single institute, Level-1 academic traureater

Patients and intervention: Sixty-nine patients with-part surgical neck fracture of the humerusement
either an IM nail (38 patients Group A) or a lock#dte fixation (31 patients Group B).

Outcomes Measurement: Pain on a visual analog 6¢a), University of California Los Angeles (UCLA)
shoulder score, American Shoulder and Elbow SurgéaSES) score, and active range of motion (ROM)

Results: At the two-year follow-up, there were mgngicant differences in the VAS pain score (In3droup

A; 0.9 in Group B), ASES score (90.2 in Group A;®in Group B), and UCLA shoulder score (30.7 in
Group A; 31.8 in Group B) between groups. ActiveNR@id not differ significantly between groups. Ther
were three complications in the IM nail group, oro@union requiring autogenous iliac crest bonetgrad
two cases of screw loosening.

Conclusion: For displaced surgical neck fracturethe humerus, both IM nailing and locked plateafign
in patients yielded satisfactory outcomes at the-year follow-up with no significant differences pain or
ROM between groups.

Key words: humerus neck fracture, intramedullany, hecked plate

Level of Evidence: Therapeutic Level lll. See lastions for Authors for a complete descriptionefdls of
evidence.

Introduction

Proximal humerus fractures account for approxinya®&b of all fractures, and the incidence has irseda
with the aging population and increased incidencesteoporosis®. Nevertheless, treatment of proximal
humerus fractures remains challenging, particulahgn associated with osteoporosis in elderly ptdie

Fortunately, most proximal humerus fractures aablstand minimally displaced, permitting non-opeeat
treatment. However, if operative treatment is iatkd for a displaced surgical neck fracture, ogeluction

with a locked plate fixation or closed reductiortwan intramedullary nail (IMN) are the most wideised
treatments among. a variety of fixation metHodsLocked plate fixation has biomechanical beneditsl

can overcome the pitfalls of the conventional pkatel screw construct for osteoporotic fracttirés As

indicated by Miranda, locking plate technology altofor fixed-angle fixation of the screw into thiage so
that toggle cannot occur with the application a@fdfd. However, IMNrequires only a small skin incisiomda
leads to less soft tissue injury during surgicgbasure. Moreover, several studies have reportedtiiea
IMN is equivalent biomechanicafly.

Despite the merits of IMN, it may lead to pain onétional limitation of the should&> most likely due to
cuff-related problems that arise during antegrdd@l linsertion through the rotator cuff. Despite ledk
plate fixation having a high complication rate,ator cuff-related pain and disability are less lijk&o
occur®t’



The purpose of this study was to compare the diraad radiological outcomes of patients who uneaitw
open reduction internal fixation with a locking f@ato closed reduction internal fixation with amtegrade
IMN for a two-part surgical neck fracture of thenmerus.

Patients and Methods

This retrospective comparative study reviewed 92epts who underwent either closed reduction and
internal fixation with an IMN (POLARUS, Acumed, Beaton, OR)(Group A) or open reduction and
internal fixation with locking plate fixation (PHQS, Synthes, Paoli, PA)(Group B) for two-part scad)i
neck fracture of the humerus between March 200QJané 2013 at our institute. The indication fogguy
was either displacement of more than 1 cm or atigulaaf more than 45° identified on either x-ray 3r
dimentional computed tomography. All of the opemasi were performed by a single surgeon. Patient
assignment was not randomized and operation metlasdchosen almost alternately: if one method was
used this time, the other method was chosen ned. tThe inclusion criteria were (1) two-part fraetu
(surgical neck) on Neer classificatifn(2) follow-up data available for a minimum of twears after
surgery. Exclusion criteria were (1) poly-traum@), severe osteoporotic or comminuted fracture ireg
strut fibular allograft; (3) incidentally identifteconcomitant rotator cuff tear. As a result, 68%igras (38
patients in Group A and 31 patients in Group B) thetabove criteria and were included in this st@iy
institutional review board approved this study.

Functional and radiological assessments

For the functional assessment, a visual analog 986S) for pain, the American Shoulder and Elbow
Surgeons (ASES) score, the University of Califordnas Angeles (UCLA) shoulder score, and active eang
of motion (ROM) were determined. For active ranfenotion (ROM) measurement, three movements were
included: forward flexion in the scapular planefeemal rotation with the arm at the side, and maér
rotation. Internal rotation was estimated by detemg how far the patients could reach their thuahdng

the spinal segments. For ease of statistical aisalylse spinal segment was converted into numbers:
segments at T1 through T12 were designated asaghrl2, segments at L1 through L5 were desigreged
13 through 17, and the sacrum was designated a&nlBidependent examiner who was blinded to group
assignment assessed shoulder scores and active R@Nhe radiological assessment, the anteroposteri
(AP) view of the shoulder and 3-dimensional comgutemography of the shoulder were performed before
surgery to identify the two-part surgical neck frae according to the Neer classificatibmAfter surgery,

the shoulder true AP, AP in 20° external rotatiand axillary view were taken at two weeks, six wgek
three months, six months, one year, and two yeasperatively. The neck-shaft angle was measuned o
the AP view in 20° of external rotation, and vanalapse was defined as a neck-shaft angle that was
reduced by more than 10° during the follow-up péfio

Postoperative rehabilitation

Regardless of the fixation method, the affected aam kept in a sling for six weeks after surgery. the
first day after surgery, pendulum exercise, setisded circumduction exercise, and gradual pad3O&/
were begun as tolerated. After six weeks postopetgt active ROM exercise was begun. After three
months postoperatively, isotonic strengthening @ses with an elastic band were begun.

Statistical analysis

SPSS software (IBM SPSS statistics version 20.®) used for the statistical analyses. Studeast was
used for between-group comparisons of continuow®wntinuous ranked data, including the VAS painaco
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ROM, and shoulder functional scores (ASES and UCL&e Fisher exact test was used to compare the
categorical data. Statistical significance wasaspt< 0.05.

Results
Patient demographics

Group A (IMN) included 12 men and 26 women, andupr& (locked plate fixation) included 11 men and
20 women. The mean age at the time of surgery @asyears (range, 30 to 74 years) in Group A, &8 5
years old (range 29 to 75 years) in Group B. Thaidant arm was involved.in 16 patients in Groupndl a
16 patients in Group B. The interval between injang surgery was 0.6 days in Group A and 0.5 days i
Group B. None of these characteristics differednificantly between groups. However, there were
significant differences in operation time (72 mesitGroup A; 103 minutes, Group [B< 0.001) and blood
loss (52 ml, Group A; 177 ml, Group B< 0.001) (Table 1).

Functional and radiological outcomes

There were no significant differences in functioaat radiographic outcomes. At the two-year follapy-
the mean VAS score for pain was 1.3.in Group A @&din Group B (p = 0.349) . The mean ASES score
was 90.2 in Group A and 91.9 in Group B (p = 0.71#)ile the mean UCLA shoulder score was 30.7 in
Group A and 31.8 in Group B (p = 0.558). (TableFiggure 1). Active ROM in forward flexion, external
rotation, and internal rotation ' was measured attieyear follow-up, with no significant differense
between groups (Table 3). The neck-shaft angle &S = 7° in Group A and 135° £ 5° in Group B (p =
0.124). With the exception of one patient in Grdypall fractures went on to union between three sind
months postoperatively. During the follow-up periad avascular necrosis or varus collapse was oéder

Complications

With the exception of postoperative stiffness, momtplications occurred in the Group A (IMN). One
patient went on to nonunion within the first yefieasurgery. Bony union was obtained after an ikl
operation requiring autogenous iliac crest bondt.gRostoperative stiffness was found in eight gras
(8/38, 21%) in the IMN group and seven patient81723%) in the locked plate fixation group. Instetudy,
we defined postoperative shoulder stiffness as d208ss in forward flexion and abduction. The oocence
of postoperative shoulder stiffness did not diffignificantly between groups. If this stiffness wagactory

to self-assisted ROM exercises and physical theedgy 3 months postoperatively, intra-articulagrsid
injection was administered. There were two caseiEw loosening in the IM nail group during thestfic
weeks, and we recommended revision surgery to cohwéocked plate fixation. However, neither patie
wanted to undergo further surgery. For this reas@recommended delaying the onset of active mation
rehabilitation. Union occurred at the expense odMR®our patients (4/38, 11%) in the IMN group shdwe
supraspinatus weakness (on a scale of 0 to 5, 4od)gin forward flexion (scapular plane) and had
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computed tomographic arthrography (CTA) to evaluat@ator cuff integrity, however, no cuff tear was
identified. Overall complication rate did not diffeignificantly between groups (Table 4)

Discussion

Our study compared clinical and radiological outesnbetween IM nailing and locked plate fixation for
displaced 2 part surgical neck fractures of the énusu Both fixation methods produced satisfactory
outcomes and final pain scores and ROM did noedgfgnificantly between groups.

Although IM nailing for proximal humerus fracture associated with satisfactory restfitsseveral studies
have reported that antegrade IM nailing is moreljiko lead to postoperative shoulder pain andtétian

of motion (LOM)™**°. Cheng et al. reported that the use of an antegtddnail for humeral shaft fracture
yielded inferior shoulder scores and required aéortime for functional recovely Recently, however,
several investigators have reached different cammhs regarding outcomes of an antegrade IM nall an
locking plate for proximal humerus fractfife Zhu et al. found that patients treated with anrsil had
comparable shoulder functional scores and radickbgdbutcome to patients treated with a locked plate
fixation group at the three-year follow-up, evemmupgh some functional outcomes were inferior wita th
IMN at the one-year follow-Up Gradl et al. found no significant difference beem use of an IM nail and
locked plate fixation at the one-year follow?up

There are strengths and weaknesses to both IMngadlind locked plate fixation for the humeral neck
fracture. In IM nailing, the strengths include:gestion of the fracture site, a small incisiongd aaduced
blood los$, and in the current study, the IM nail group eiteit significantly shorter operation time and less
blood loss than the locked plate fixation groupwdwger, iatrogenic injury to the rotator cuff is@ncern. In
order to minimize iatrogenic injury to the cuffetlongitudinal split should be made in line withdts of the
supraspinatus and onto the side of the musculatendijunction, not onto the cuff insertion site.spite
retraction of the split cuff bilaterally with smaktractors, the affected arm must also be addwderduch
as possible and slightly extended so as to placzenltry site out of the acromion. Finally, undeofloscopic
guidance, the tip of the awl should be placed cigifitly away from the greater tuberosity so that eéntry
hole does not violate the cuff insertion site. Néweless, four patients (4/38, 11%) in the curremdy
developed weakness of the supraspinatus, evenhih©lg revealed an intact cuff. The strengths okémt
plate fixation via the deltopectoral approach aireat reduction, insertion of the locking screwoirthe
inferomedial calcar for medial calcar support, andviolation of the rotator cuft. However, these strengths
are counterbalanced by several weaknesses, ingladionger incision, longer operation time, greateod
loss, and higher rate of complication in some &mdi®’ In the current study, although postoperative
stiffness did not differ significantly between gpsy there were no nonunion or implant looseningsas
the locking plate group.

Because IM nailing generally violates the cuff, igothesized that it would lead to inferior pairres
even though locked plate fixation requires longersion. We also hypothesized locked plate fixatiauld
yield inferior ROM after surgery because it regsi@ longer incision and more aggressive approach.
However, at final follow-up, there were no signgit differences between groups in pain scores dviRO
Although previous investigators have found infestwoulder functional scores and ROM after IM nagilin
we suggested that meticulous care regarding thiesplif and repair can minimize the drawbacks of IM
nailing for surgical neck fracture of the humértis™

If postoperative stiffness is refractory to consgie treatment, we suggest that lysis of adhesiaitiser by
an open or arthroscopic approach, concomitant wwifilant removal. However, with IM nailing, the rtaa
cuff may be re-injured during implant removal, natter how meticulously it is performed, although no
studies have tested this hypothesis. In the IM grailip, stiffness was improved by steroid injectituming
the early postoperative period, except in the p&igith screw loosening. In contrast, steroidatipn was
not effective for stiffness in the locked platedfibon group. However, in the current study, thistpperative
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stiffnress was not studied and we therefore cannakemany conclusions regarding the effect of
corticosteroid on postoperative stiffness. Our gtihs several limitations. First, this study is @nn
randomized, retrospective comparative study ansual, has inherent limitations. Thus, there mighteh
been a potential selection bias. Second, we dicewaluate bone mineral density before surgery. ;Tives
could not confirm that both groups had similar bamaeral density. Also, our results could be agllie to
the patients with relatively good bone quality tpgort IM nail or locked plate fixation. Third, avéhough
functional scores and ROM did not differ signifidgrbetween groups, we cannot exclude the postibili
that these findings may result from type Il erfbnus, the above limitations should be considereénvh
interpreting our findings. Fourth, another critai®f our study could be the lack of an objectivaleation
of bone quality, which could have influenced fixati However, considering the mean age (~59yrshef t
patients in each group, both study groups likely tedatively comparable bone quality.

Conclusion

For two-part surgical neck fracture of the humeths, pain score and ROM at the two-year follow-igh d
not differ significantly between groups. This imgdithat either method if correctly performed wekdl good
long term results when treating displaced 2 pakipnal humerus fractures surgically.
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Figure legends

Table 1. Patient demographics

Table 2. Visual analog scale (VAS) pain.score, Aca® Shoulder and Elbow Surgeon (ASES) score, and
University of California at Los Angeles (UCLA) sHdar score for both group at one-year follow-up

Table 3. Active ranges of motion in both group8ral follow-up

Table 4. Complications after surgery between groups

Figure 1. Preoperative, postoperative, 2-year Wollp x-ray and clinical photo of 56 years old feenal
patient. (A) Preoperative AP in 20° external ratafi(B) Preoperative 3-dimensional computed tomglgya
(C) Postoperative AP in 20° external rotation; @stoperative axillary view; (E) 2-year follow-ugPAn
20° external rotation; (F) 2-year follow-up axifariew; (G) clinical photo at 4-year follow-up



Table 1. Patient demographics

Group A (n=38) Group B (n=31) p-value
Sex (male/female) 12/26 11/20 0.732
mean age at the time of surgery 59.7+12.0 58.8.3 0.721
Dominant arm involvement 42% (16/38) 52% (16/31) 430.
Interval between injury and surgery (day) 0.6+1.0 0.5+£0.9 0.875
Operation time (minute) 72114 103 +10 <0.001
Blood loss (mL) 52 +£39 177 +92 <0.001

Group A, IM nail; Group B, locking plate and screvitie values are given as the mean and standaratidev

Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Table 2. Visual analog scale (VAS) pain score, Aoser Shoulder and Elbow Surgeon (ASES) score, and

University of California at Los Angeles (UCLA) sHder score for both group at 3 month, 6 month, pear

and two-year follow-up

Group A Group B p value
3 month follow-up VAS pain score 3.8+1.9 40+2.1 0.621
ASES score 59.6+15.1 60.2+16.0 0.493
UCLA shoulder score 244+55 23.9%5.0 0.689
6 month follow-up VAS pain score 26+2.0 23+21 0.513
ASES score 79.5+134 785126 0.477
UCLA shoulder score 27.0+45 279*3.9 0.798
One-year follow-up VAS pain score 1.3+1.4 1.1+15 0.568
ASES score 89.5+9.8 91.2+9.0 0.389
UCLA shoulder score 30.1+4.2 30.7+4.0 0.465
Two-year follow-up VAS pain score 1.3+1.3 09+1.1 0.349
ASES score 90.2+7.1 91.9+6.8 0.712
UCLA shoulder score 30.7+3.1 31827 0.558

Group A, IM nail; Group B, locking plate and scrévine values are given as the mean and standardtidevi



Table 3. Active ranges of motion in both group$ral follow-up

Group A Group B p value
3 month follow-up Forward flexion 110.5° + 20.6° 112.5° +18.2° 0.546
External rotation 18.7° +15.4° 19.8°+14.9 0.439
Internal rotation 158=+21 16.1+2.3 0.667
6 month follow-up Forward flexion 125.6° + 15.1° 126.8° + 14.6 0.719
External rotation 26.3° +13.4° 26.9°+125 0.811
Internal rotation 14125 151+2.6 0.368
One-year follow-up Forward flexion 137.0° +12.8° 135.6° + 13.7| 0.793
External rotation 43.2°+11.9° 42.4°+11.3 0.692
Internal rotation 13527 142+26 0.540
Two-year follow-up Forward flexion 140.7° £ 10.9° 137.2° +12.7 0.417
External rotation 46.7° £10.3° 44.5° £10.9 0.562
Internal rotation 12.7+2.6 13.8+3.2 0.689

Group A, IM nail; Group B, locking plate and scrélhe values are given as the mean and standardtidevi

The internal rotation was measured how far theepaitould reach up their thumb at the spinal leivebrder to

facilitate the statistical analysis, the spinalmegt was converted into numbers; T1-T12 indicatéiardugh 12,

L1-L5 indicated 13 through 17, and sacrum indicdt@d



Table 4. Complications after surgery between groups

Group A Group B p value
Non-union 1 0
Screw loosening 2 0
Weakness in forward flexion 4 0
Postoperative stiffness 8/38 (21%) 7/31 (23%) 0.878
Total 15/38 (39%) 7/31 (23%) 0.134

Group A, IM nail; Group B, locking plate and screw. One patient with non-union and two

patients with screw loosening also had postoperative stiffness
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