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Chapter 1

BACKGROUND AND EPIDEMIOLOGY

Fractures of the clavicle comprise about 2.6-4% of all fractures in adults, of which the
majority involves the middle part of the bone’. As in many fractures, males are more
frequently affected in all age categories up to 75 years, with a peak incidence under 25
years. The mechanism of injury is mostly bicycle and motorcycle accidents in males, and
same-level falls in females and older patients'. Although clavicular fractures are seldom
permanently invalidating, the young and active patient population warrants optimal

treatment aiming for a quick and complete functional recovery.

Anatomy

The clavicle is the only true connection between the torso and the arm. It is the first bone
to ossify after 5-6 weeks of gestation, and the last to reach complete ossification at about
27 years?. The particular shape of the bone is prismatic at the sternoclavicular joint
medially, and gets rounder and thinner as it curves in an s-shape to end flat at the

acromioclavicular joint laterally? (Figure 1%). About 75% of clavicular fractures occur in the

Srernal sxtramily ALroenial extrevmity

S i - A B TELE

Figure 1. Anatomy of left clavicle with muscle attachments. (a) superior surface, (b)
inferior surface”.
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Introduction

middle segment, where the bone is thinnest and curvy, and lacks the muscular and
ligamentous protection that both ends have?. These muscles cause the typical
displacement that is seen in the majority of midshaft fractures: the medial fragment is
pulled upwards and dorsally, while the lateral fragment moves ventro-caudally and to
medial (Figure 2)°.

In close relation to the clavicle are the brachial plexus and subclavian artery and vein, with
the top of the lung directly underneath. Damage to these structures is rare but can occur
both during injury and operative treatment, and should be actively ruled out by thorough
clinical examination®. Running vertically over the clavicle are small sensory nerve branches,

often leaving the skin around the scar numb if cut during surgery.

Pectoraliz and
Latissimus

Figure 2. Typical displacement of midshaft clavicular fractures.
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Chapter 1

CORTICAL ALIGNMENT DISPLACED FRACTURES
FRACTURES (TYPE 2A) (TYPE 2B)

-
- - .l
Undisplaced (Type 2A1)  Simple or wedge (Type 2B1)

<y A

& \ %
/ \ 9 =
'_“{ A‘
Angulated (Type 2A2) lsolated or comminuted

segmental (Type 282)

Figure 3. Robinson (Edinburgh) classification of (in this case midshaft) clavicular fractures.

Classification

Different systems have been proposed to classify clavicular fractures, mostly based on the
anatomical location of the fracture rather than on prognostic characteristics, such as the
Allman and Neer classifications’. The most recent and more detailed classification system
was introduced by Robinson in 1998¢. This ‘Edinburgh’ or ‘Robinson’ classification is
based on anatomical location of the fracture (1 for medial, 2 for midshaft and 3 for
lateral), but then subdivides according to displacement, and further according to fracture
pattern along the same line as the general AO classification (Figure 3). It is the fully
displaced midshaft clavicular fractures, Robinson type 2B1 and 2B2, that are the subject
of this thesis. Example X-rays of a displaced, midshaft clavicular fracture are shown in

Figure 4, p13.

Treatment history
As early as 400 B.C., Hippocrates proposed in his The Articulations that clavicular fractures

need but benign neglect from the physician:

e
12



“A fractured clavicle, like all other spongy bones, gets speedily united;
for all such bones form callus in a short time. When, then, a fracture
has recently taken place, the patients attach much importance to it, as
supposing the mischief greater than it really is, and the physicians
bestow great pains in order that it may be properly bandaged; but in a
little time the patients, having no pain, nor finding any impediment to
their walking or eating, become negligent; and the physicians finding
they cannot make the parts ook well, take themselves off, and are not
sorry at the neglect of the patients, and in the meantime the callus is

quickly formed. "7

This statement marked a long history of nonoperative treatment for clavicular fractures,
supported by two large studies in the 1960s that reported excellent results and virtually
nonexistent nonunion rates®¢. It was not until the turn of the century that more evidence
became available showing that the true prevalence of nonunion was as high as 10% to
15%, and that long-term sequelae such as pain were common after nonoperative
treatment>'®, More fracture displacement, comminution and shortening were identified
as risk factors for healing problems and sequelae, suggesting that a more severe fracture
pattern needs a different and more active approach than the more forgiving, undisplaced
clavicular fractures®'®. In 2007, the Canadian Orthopaedic Trauma Society published the
first randomized controlled trial (RCT) comparing nonoperative treatment with plate

fixation, showing lower nonunion rates and a better arm function after plate fixation'".

These studies led to a dramatic increase in operations'>'?, since many surgeons considered
routine operative treatment superior to nonoperative treatment for all patients with a fully
displaced clavicular fracture. Since then, many RCTs and meta-analyses have been
published on the subject. While the body of evidence on the subject grew, it appeared
that operative treatment for clavicular fractures was perhaps not the Holy Grail after all:
complications were common, shoulder function often similar, and due to the superficial
subcutaneous position of the clavicle, many plates caused irritation and had to be
removed'*'¢, Therefore, a more individualized treatment should be pursued, in which

patient and fracture characteristics are taken into account.



Chapter 1

Figure 4. Midshaft fracture of the left clavicle in a 26-year old male, Robinson type 2B1. Twc
standard X-ray views are shown. anteroposterior (above) and 30 degree cephalad tilt (below). The
latter clearly shows the value of an additional, 15-40 degree tilted X-ray to assess displacement.

TREATMENT OPTIONS

Nonoperative treatment

Nonoperative treatment is aimed to allow fracture healing while confining pain and
discomfort, ideally with a minimum amount of malunion. Usually, relative rest is advised
for 2 weeks, followed by careful motion exercises for 4-6 weeks until callus is formed.
Numerous supportive devices have been proposed that can be roughly divided into those
that merely support the arm, such as a sling or collar-and-cuff, and those that aim to

reduce the fracture, such as a figure-of-eight bandage'”. The effectiveness of fracture

e
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Introduction

reduction by a figure-of-eight bandage is doubtful at best, and it might even cause more
discomfort than a simple sling'’. In the Netherlands, the standard nonoperative treatment
therefore is a sling or collar-and-cuff without any attempt to reduce the fracture. In
addition, thorough explanation and advice regarding motion exercises and daily life
restrictions is essential for treatment compliance and to prevent patients from feeling they

receive no treatment at all.

Operative treatment

The most common operative treatment for clavicular fractures is open reduction and
internal plate fixation (Figure 5). This straightforward procedure provides excellent
exposure of the fracture fragments, aiding in an anatomical reduction and fixation. Many
different plates are on the market, ranging from inexpensive reconstruction plates that
can be easily bent to fit the s-shape of the clavicle, to stronger straight locking and non-
locking plates (DCP and LC-DCP). More recently, anatomically pre-shaped plates became
available, aiming to reduce implant failure and irritation because they supposedly have a
better fit, and to reduce operating time because intra-operative shaping is no longer
necessary. However, they are expensive and the fit is not always ideal’®,

Complications after plate fixation are numerous, including infection, numbness around
the scar, implant failure (e.g., plate loosening and/or breakage), plate irritation and
nonunion'™? Alternatives for plate fixation include minimally invasive plate fixation and

pin fixation, but neither has shown to be superior?'.

Figure 5. Midshaft clavicular fracture 3 months after fixation with a precontoured superior-anterior
locking clavicle plate and a lag screw (30 degree cephalad tilt view, same patient as Figure 4).

e
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SHARED DECISION MAKING

As discussed above, both operative and nonoperative treatment for midshaft clavicular
fractures can be sensible options. The treatment choice is therefore preference-sensitive.
For decisions of this kind, shared decision making (SDM) has become more widely known
and accepted in the last decades. SDM is an approach to decision making in which the
patient expresses his or her priorities and goals and the surgeon and patient together
select the treatment that best matches these preferences?’. The growing wish for more
patient involvement in treatment decisions in the Netherlands is illustrated by the explicit
support of the Minister of Health, who has made promoting SDM one of the top priorities
in 201373,

AIM AND OUTLINE OF THIS THESIS

Choices and challenges

As discussed above, one ideal treatment for all patients with a displaced, midshaft
clavicular fracture does not exist. The first chapters of this thesis evaluate different aspects
of clavicular fracture treatment, aiming to aid in making the choice between operative
and nonoperative treatment.

Chapter 2 evaluates the influence of shortening in a healed clavicle on shoulder function,
in order to determine if shortening should be an indication to operate. Chapter 3
discusses whether reconstruction plates are a suitable choice for clavicular fracture
fixation.

Knowledge about treatment results, such as the incidence of nonunion and secondary
operations, is essential to make a treatment decision. Chapter 4 describes a randomized
controlled trial comparing plate fixation with nonoperative treatment on various
outcomes. Chapter 5 summarizes six previously published RCTs — including the one
described in chapter 4 - comparing plate fixation with nonoperative treatment by
evaluating a total of 614 patients, highlighting the different pros and cons of both

treatment options.

Individualized treatment should involve not only taking the influence of patient and

fracture characteristics into account, but also incorporating patient preferences and goals



Introduction

into the treatment choice using SDM. This, however, can be quite challenging??. The
second part of this thesis focuses on the patient and the decisional process, to provide
more knowledge about the perspective of the patient on the treatment choice and
outcomes.

In chapter 6, longer-term patient satisfaction and residual symptoms after plate fixation
and nonoperative treatment are studied. Chapter 7 evaluates the occurrence of SDM in
clavicular fracture care. Finally, surgeons’ attitude and experiences with respect to SDM
are studied in chapter 8, in which SDM indeed proves to be a challenge for most trauma

surgeons.



REFERENCES

1. Kihlstrom C, Moller M, Lonn K, Wolf O. Clavicle fractures: epidemiology, classification and
treatment of 2422 fractures in the Swedish Fracture Register; an observational study. BMC
Musculoskelet Disord 2017;18(1):82.

2. Burnham JM, Kim DC, Kamineni S. Midshaft Clavicle Fractures: A Critical Review. Orthopedics
2016;39(5):e814-21.

3. Rowe CR. An atlas of anatomy and treatment of midclavicular fractures. Clin Orthop Relat Res
1968,58:29-42.

4. Gray H. Anatomy of the human body. Philadelphia: Lea & Febiger. Bartleby.com, 2000; 1918.

5. Khan LA, Bradnock TJ, Scott C, Robinson CM. Fractures of the clavicle. J Bone Joint Surg Am
2009,;91(2):447-60.

6. Robinson CM. Fractures of the clavicle in the adult. Epidemiology and classification. J Bone Joint
Surg Br 1998,80(3):476-84.

7. Hippocrates. On the articulations. The genuine works of Hippocrates. Adams F, translator.
Baltimore: Williams & Wilkins; 1939.

8. Neer CS. Nonunion of the clavicle. JAMA 1960;172(10):1006-11.

9. Hill JIM. Closed treatment of displaced middle-third fractures of the clavicle gives poor results. J
Bone Joint Surg Br 1997,79(4):537-9.

10. Nowak J, Holgersson M, Larsson S. Can we predict long-term sequelae after fractures of the
clavicle based on initial findings? A prospective study with nine to ten years of follow-up. J Shoulder
Elbow Surg 2004;13(5):479-86.

11. Canadian Orthopaedic Trauma Society. Nonoperative treatment compared with plate fixation of
displaced midshaft clavicular fractures. A multicenter, randomized clinical trial. J Bone Joint Surg Am
2007,89(1):1-10.

12. Huttunen TT, Launonen AP, Berg HE, Lepola V, Fellander-Tsai L, Mattila VM. Trends in the
Incidence of Clavicle Fractures and Surgical Repair in Sweden: 2001-2012. J Bone Joint Surg Am
2016,98(21):1837-42.

13. Navarro RA, Gelber JD, Harrast JJ, Seiler JGr, Jackson KR, Garcia IA. Frequency and complications
after operative fixation of clavicular fractures. J Shoulder Elbow Surg 2016,;25(5):e125-9.

14. Lenza M, Buchbinder R, Johnston R, Belloti J, Faloppa F. Surgical versus conservative interventions
for treating fractures of the middle third of the clavicle. Cochrane Database Syst Rev
2013,6:CD009363.

15. Xu J, Xu L, Xu W, Gu Y, Xu J. Operative versus nonoperative treatment in the management of
midshaft clavicular fractures: a meta-analysis of randomized controlled trials. J Shoulder Elbow Surg
2014,23(2):173-81.



16. Robinson CM, Goudie EB, Murray IR, Jenkins PJ, Ahktar MA, Read EO, Foster CJ, Clark K,
Brooksbank AJ, Arthur A, Crowther MA, Packham |, Chesser TJ. Open reduction and plate fixation
versus nonoperative treatment for displaced midshaft clavicular fractures: a multicenter, randomized,
controlled trial. J Bone Joint Surg Am 2013,95(17):1576-84.

17. Lenza M, Faloppa F. Conservative interventions for treating middle third clavicle fractures in
adolescents and adults. Cochrane Database Syst Rev 2016;12:CD007121.

18. Huang JI, Toogood P, Chen MR, Wilber JH, Cooperman DR. Clavicular anatomy and the
applicability of precontoured plates. J Bone Joint Surg Am 2007;89(10):2260-5.

19. Asadollahi S, Hau RC, Page RS, Richardson M, Edwards ER. Complications associated with
operative fixation of acute midshaft clavicle fractures. Injury 2016;47(6):1248-52.

20. Ashman BD, Slobogean GP, Stone TB, Viskontas DG, Moola FO, Perey BH, Boyer DS, McCormack
RG. Reoperation following open reduction and plate fixation of displaced mid-shaft clavicle fractures.
Injury 2014,45(10):1549-53.

21. Houwert RM, Smeeing DP, Ahmed Ali U, Hietbrink F, Kruyt MC, van der Meijden OA. Plate
fixation or intramedullary fixation for midshaft clavicle fractures: a systematic review and meta-
analysis of randomized controlled trials and observational studies. J Shoulder Elbow Surg
2016,;25(7):1195-203.

22. Stiggelbout AM, Pieterse AH, De Haes JC. Shared decision making: Concepts, evidence, and
practice. Patient Educ Couns 2015;98(10):1172-9.

23. Schippers E. Kamerbrief betreft RVZ-advies 'De participerende patient' 2013 [Available from:
https://www rijksoverheid.nl/documenten/kamerstukken/2013/11/18/kamerbrief-over-rvz-advies-de-

participerende-patient.






w i i
S
winm ﬂ'll" "ﬂmlnﬁ:ﬂ. “:] " ,p ||mun‘-f firew el e jl'ﬂrl'ﬂ ey » | j '__/r : ".,"_ ':
“7-..»:...%1 v ohew mmw wvailnm o VTN ool e
.ﬂmmlf " ,],,.f,,{ S A -nnm'ﬂrm,-m,r t L= \ i .
NI Mnfm’]rwd Ay ﬂ‘ .
:‘ o m-l;r!'! wharp fh’ -ihu'.- | ok Awiwmn] e M
o e B L 4 0'“'}#! hﬂr;?},fﬁ {,'{;,“' "Il
.r'-|1|r|| e PO .F'- chdll s
e -m.f 2w Sed bidi] A wf v s
; il | | ]

s |, e T .1w. e

W 'lﬁ ﬁ‘ rl "‘M'.rﬁ .ﬂ J’i’ ’"1"""'15?“1'?‘!.!‘"!‘ A
snaf wffs " vm) p f-'-'p.-i e
- ‘|-|J § nm?ﬂ‘h ﬁﬂ'-h“'n{, L]

- - d n =l = '!
e, \'ﬂ. #% LY ﬂ'l"mjn: ‘|m|l ot ,p-u.%.n ~
H'hl

mmawd SR ni|r| 'y
T
N B e e

-ﬂnw Ly
R, & -!;‘!_u Ak
o MR pta e Vi
4 whiva L L R (R T i
ol BTt o e et A #1-1
.Jmﬁn n“‘ ‘*u.t"' sl il i, oY
A~y w&m A% A wr

“Pq.,u,,.ﬂ'.!(uwm;h
alswmgnrt -.-'.-
e
el -
AR
AR et
= |‘lj':..4\-
FH" sl Pt 4 o ST IS st teess, ¢
ara W ilq-m Wi t-'*'r :']‘:::.
-_.. B i i ghty a1
P ety SR
ot alpamg nfi g g % o n,p:,. I P

ra RS g Bl

— " g W it ]-m-- e
:_'_J':f = . \ A o M e by gl

; RA T iy e

A g 0y

— """f}

h‘.m-i_'u 4

\: i['.-lm!q

T AR
\h‘:i""'"‘
Yoy
.ﬁl*"-l VLA ﬂl'ﬁ o ﬂTiF"Jd . ey
1P "“”"“'“ oy | "F‘:':f* '-lﬂr-:;l' et .tf'( :-HIA.?' At a;:?:-um x"
e s e i
L P, R i = et
i'ﬂl " IH]"-“ "‘r‘f"t*‘ ] | ey ||t
wiy v | = h

@ & =

w wlo  A]) W e ohes a IO L
tﬂlﬂfii:ﬂ*ﬂurn o ""* 4! . ) ;
1 ,,,hﬂ Al J[!nfnT 47‘.1' | ,lu thl r"'::'T' a5 Jon u-" -'F;l-d‘w-r M“l:!-*'h'd
A e s i el A e AL
ML LI '1 '”T‘nh‘w‘r‘" -4 *'1" H g -T - “ b | Lanpett @ e
- ]" i " ﬂ R, S 'I‘i" ""1 m", i.l ip-h-(ll e i P ﬂt""”’lﬁﬂflﬂg;hmfu:
‘Ehﬂ }-?Mihw '"h"".f"'HT ;}u un| G L L ]'ll'r.rhf.nitl "‘"" Nba N e *n" ﬂymrwﬁ a
!h;Lh'rpu -Il,?l A 'HH! P l'..*l' 'T""F“ \'ﬁ“‘ !ﬂ'a'pm

u.prhm dgieles -f'"“h:m 1 " Ay fle R

T TR o 1 Mr!} andy ] !



Chapter 2

CHAPTER 2

* 2 g

Does clavicular shortening after
nonoperative treatment of midshaft
fractures affect shoulder function?

A systematic review

Sarah Woltz*
Alysia Sengab*
Pieta Krijnen

Inger B. Schipper

*Shared first authorship

Arch Orthop Trauma Surg 2017;137(8):1047-1053

=y
22



ABSTRACT

Introduction

Clavicular shortening due to non-anatomical healing of displaced clavicular fractures is
believed to have a negative effect on shoulder function after recovery. The evidence for
this, however, is equivocal. This review aimed to systematically evaluate the available
literature to determine whether the current beliefs about clavicular shortening can be

substantiated.

Patients and methods

This systematic review was performed following the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA) statement. PubMed, EMBASE, Web of
Science and the Clinical Trial Registry were searched to identify all studies published in
English that evaluated the association between clavicular shortening and shoulder
function in patients aged =16 years with a nonoperatively treated, displaced midshaft
clavicular fracture. Relevant data from the selected studies was extracted and summarized.

Risk of bias of the included studies was assessed using the MINORS instrument.

Results

Six studies, of which five were retrospective, were included in this review analysing a total
of 379 patients. Due to heterogeneity in methods and reporting across studies, a pooled
analysis of the results was not feasible. No clear associations were found between
shortening and shoulder function scores (DASH and Constant score) or arm strength in

each of the included studies.

Conclusion

The existing evidence to date does not allow for a valid conclusion regarding the influence
of shortening on shoulder function after union of nonoperatively treated midshaft
clavicular fractures. Shortening alone is currently not an evidence-based indication to
operate for the goal of functional improvement. Well-powered prospective comparative

studies are needed to draw firm conclusions.



INTRODUCTION

Midshaft fractures of the clavicle are common and often displaced’?. Treatment of these
fractures is aimed at a complete recovery of the shoulder function, especially in younger
patients. In nonoperatively treated patients, closed reduction of the fracture is difficult to
achieve and to maintain, and is therefore no longer attempted®4. A certain degree of
clavicular shortening often remains after union due to overlap of the fracture fragments,
caused by traction of the pectoral and deltoid muscles and the weight of the arm that
pull the lateral fragment ventro-caudally and medially, while the sternocleidomastoid
muscle pulls the medial fragment upwards and dorsally®.

In addition to the historic indications for operative fixation of displaced clavicular fractures
(i.e., open fracture, neurovascular compromise and compromised skin), evidence-based
reasons for operative fixation include reduction of the risk of nonunion and a quicker
recovery”®®, Substantial shortening of the clavicle is also considered to be an indication
for operative treatment, partly because it may increase the risk of nonunion®'°, but also
because shortening is thought to lead to a poorer functional outcome after fracture union.
It is believed that the significant changes in the position of the glenoid fossa and shoulder
girdle, and winging of the scapula after shortening of the clavicle are responsible* '3,
Also, muscle balance and tension can be reduced if the clavicle is shortened'?. This altered
anatomy may result in the sequelae that have been reported after nonoperative
treatment*®. Recent comparative studies, however, have not demonstrated a functional
benefit for healed fractures after restoration of the anatomy with operative fixation
compared with nonoperative treatment’:4,

It is important to clarify whether there is sufficient evidence to support the assumption
that shortening is an indication for surgery to improve the functional outcome. Studies
that have evaluated this relationship, however, show inconsistent results. While some
reported that a larger shortening causes more complaints, pain and dissatisfaction® 41>,
others found no association between shortening and sequelae’®'®. These studies,
however, did not clearly evaluate an association with the function of the shoulder. The
aim of this review, therefore, was to summarize the available literature to evaluate
whether clavicular shortening is negatively associated with shoulder function (i.e., patient-
reported function, range of motion or arm strength) at latest follow-up after nonoperative

treatment.
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MATERIALS AND METHODS

This systematic review was performed according to the ‘Preferred Reporting Items for

Systematic reviews and Meta-Analyses: the PRISMA statement’™.

Search strategy and eligibility criteria

The literature search was performed in Pubmed, Embase, Web of Science and the Clinical
Trial Registry in December 2016. The search strategy was composed by an experienced
medical librarian and combined various synonyms of the keywords ‘clavicle’, fracture’,
‘midshaft’, ‘nonoperative’ and ‘shortening’ (see also Appendix 1, p165).

Studies were eligible if they (1) included patients older than 15 years of age with a
nonoperatively treated, displaced midshaft clavicular fracture, (2) evaluated the
association between the extent of clavicular shortening and function of the shoulder (i.e.,
patient-reported functional outcome, range of motion and/or arm strength), and (3) were
written in English.

Articles were excluded if they (1) included less than 20 patients, or (2) also analysed medial
and/or lateral clavicular fractures and the results for midshaft fractures were not reported
separately. No date range was specified.

After removal of duplicates, the title and abstract of the identified articles were
independently screened for eligibility by the first two authors. The full-text articles of the
potentially relevant studies were read and judged for eligibility. The reference lists of these
articles were searched for additional relevant studies, which were included if the above

mentioned inclusion criteria applied. Disagreements were resolved by discussion.

Data extraction

From each included article, data were extracted by the first two authors, including study
characteristics (study design, number of included patients and duration of follow-up) and
patient characteristics (age, gender and type of nonoperative treatment). Outcomes of
interest were clavicular shortening and shoulder function (measured by means of the
DASH-score?, Constant score?’, arm strength and/or range of motion), and the reported
association between shortening and function. A meta-analysis could not be performed
because there was considerable variation in the definitions of shortening and the statistical

methods across studies.

=n—d
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Quality assessment

Methodological quality of the included studies was independently assessed by the first
two authors using the “Methodological Index for Non-Randomized Studies” (MINORS)
instrument, which consists of eight items regarding the design of non-comparative
studies??. Each item is appointed a score (“0” = not reported; 1" = reported but

inadequate; 2" = reported and adequate) with an optimal total score of 16.
RESULTS
Literature search

The search in Pubmed, Web of Science, Embase and the Clinical Trial Registry identified

1571 potentially eligible articles (Figure 1). After removal of duplicates, 78 articles were

Arncies identfied in
datahass search (fi = 151) Exclusson of duphcates
J{n:?ﬁ]
Arbcles screened on ttke Exclusion (n = 65)
and absiract (n = TH) + Included children [5)
o = Dperative treatment {23)
*1* Language (3)
= Mon/madunion (5)
Arncles selected for full - Review [5)
analysss (N = 12) « Otheticomtbination (25
wdentiten after
| addmonal search of
Full teoa analys:s rm‘m:n=?!
{n=19)
Excluded (n = 13)
= Mo relation shorening
shoulder function (7)
+ Mo data reported for
Inciuded for rmidshaf fractures (5)
SYsiematic review = Mo full text available (1

(n=8)

Figure 1. Flowchart of the included articles.

e
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screened based on title and abstract, of which 12 were selected. Screening the reference
lists yielded another 7 potentially relevant articles. After reading the full text of these 19

articles, 6 articles were included in this systematic review based on the selection criteria.

Study characteristics

The included studies were published between 2006 and 2015, and evaluated a total of
379 patients (Table 1). Five studies were retrospective>?3?% and one was prospective?’. In
four studies, determining the relationship between shortening and shoulder function was
the primary study aim?324%627 Follow-up was at least 12 months in all studies, with a
frequency-weighed mean of 4.5 years. Most patients were immobilized with a sling or
figure-of-eight bandage for various time periods. The prospective study reported a loss to

follow-up of 8.5%7.

Table 1. Characteristics of the included studies and patients analysed

Reference Study No. of Mean Mean Male Type of
design evaluated months age, (%) nonoperative
(retro/ patients®  since years treatment
prospect) trauma (SD) (n)
Fuglesang?® R 59/92 32 39.1 83 Sling
2016 (12-59) (12.3)
Figueiredo” P 54 /59 12 34(13) 81 FEB + PT
2015
Stegeman?®? R 32/74 12-72 Median 84 Not reported
2015 31
(21-62)
Rasmussen® R 136/237 55 35(15) 79 FEB (50);
2011 (24-83) sling (70);
C&C (13); no
support (3)
Postacchini®® R 68/119° 104 36.9 65 Sling or FEB
2010
McKee® R 30/63 55 37 73 Sling
2006 (12-72)

SD=standard deviation; R=Retrospective; P=Prospective; FEB=figure of eight bandage; C&C=collar
and cuff; PT=physiotherapy.

#No of evaluated patients / no of eligible patients (or included patients for prospective study).
b 119 patients were eligible for inclusion in total. Number of eligible patients with Allman type
1b/c fracture not stated.

=n—d
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Clavicular shortening

The studies expressed clavicular shortening in different ways; either by measuring the
difference in length between the injured and the contralateral clavicle®?4?/, or by
measuring the overlap of fracture fragments®*. Stegeman and Postacchini additionally
calculated the proportional shortening by dividing the overlap of fracture fragments by
the sum of the length of the injured clavicle and the measured overlap?>?>. Shortening
was also measured at different time points: on the index trauma radiographs®*?’, or on
radiographs taken after the fracture had united>?*.

The reported mean shortening (Table 2, p28) ranged from 9.2 mm (SD 6.4) to 25 mm (SD
16). Three studies compared patients with a shortening less than 20 mm with those
having 20 mm or more shortening. In these studies, 15, 37 and 19% of the study
population had a shortening of =20 mm>?4%’, Fuglesang used the median shortening of
15 mm as cut-off value to determine small or large shortening, thus creating two equally

sized groups®.

Shoulder function

Various outcome measures were used to evaluate shoulder function at final follow-up
(Table 2). Mean DASH scores ranged from 3.38 to 24.6 in four studies>?3?5%, The mean
Constant score was reported in five studies (range 71-96)>?3%6 McKee found much
poorer mean Constant and DASH scores than the other studies, and both functional
scores were significantly worse than the normative value for the general population (71
vs 92 and 24.6 vs 10.1, respectively)>?®?°. One study that compared the injured with the
healthy shoulder, reported a significant difference in Constant score (86.3 vs 93.7,
p’ 0.001)*, whereas Constant and DASH scores of the patients in another study were
similar to those of matched controls?.

Strength was measured by Stegeman and McKee with a hand-held dynamometer and
with the Baltimore Therapeutic Equipment (BTE) Work Simulator, respectively>?3. Whereas
Stegeman found no significant mean differences in strength compared with the
contralateral shoulder for six different motions, McKee reported that the injured shoulder
had 81-85% of the strength and 67-82% of the endurance of the patients’ uninjured
shoulder (p* 0.05 for all motions) (Table 3, p29).
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Table 2. Relation between clavicular shortening and Constant score and/or

DASH score
Reference Mean Constant DASH score Correlation
shortening in score (r) or p-value
mm (SD)
Fuglesang?® 1717 .1) 81 (69-90) 6.7 (0.8-19)
2016 (median) (median)
<15mm: n=~ 30 80 (64-88) 7 (3-27) p=0.5
>15mm: n = 30 84 (74-90) 7 (0-11) (Constant)
P=0.1 (DASH)
Figueiredo” 9.2 (6.4) N/A 3.38(9.21) r=-0.017;
2015 <20mm: n=47 3.38(C19.56) p=0.90
(81%) 3.33(C17.02)
>20mm: n=11 p=0.53
(19%)
Rasmussen® 11.6(8.2) 86.3 (29-100) N/A r=0.14;
2011 <20: n=116 7.2 (10.3)° p>0.05
(85%) 7.9(10.3) p=0.79
>20. n=20
(15%)
Postacchini?>  Males: 14.1 Allman 1B N/A
2010 (8.9); 87.1
8.9% (5.6%)P Allman 1C: p<0.05
Females: 10.9 85.6
(7.8); 8.3% CS>90 (n=55):
(6.0%) 7.7%
CS<80 (n=9):
13.2%
McKee® 14.5 (8.6) 71 (SD not r=-0.20;
2006 given) p=0.44
24.6 (SD not r=0.32;
given) p=0.11
DASH>30
<20mm: n=19 3/19 (16%) p=0.06

(63%)
220mm: n=11
(37%)

7/11 (64%)

The values are given as the mean and the standard deviation with the standard deviation in

parentheses.

# Mean difference in Constant score between injured and uninjured shoulder. ® Proportional
shortening: overlap of fracture fragments divided by sum of overlap and length of injured clavicle.
¢ Allman type 1B: displaced fractures, Allman type 1C: displaced with third bone fragment.

=
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Three studies reported the range of motion of the injured and contralateral shoulder but
did not analyse its association with clavicular shortening®?225. For this reason, results on

range of motion are not included in this review.

Association between shortening and shoulder function

The association between clavicular shortening and the DASH score was analysed in three
studies. Results are presented in Table 2. No statistically significant linear correlations were
found>?. Also, no difference in DASH scores existed between patient groups when
shortening was dichotomized using cut-off values of 15 mm?® or 20 mm?7.

McKee reported that among patients with >20 mm shortening, a poor DASH score of
>30 seemed more prevalent than among patients with * 20 mm shortening (64 vs 16%,
p=0.06).

Four articles reported on the association between shortening and Constant score (Table

2)>2%7% No linear relationship was found>?. Also, a larger shortening (more than 20 or

Table 3. Relation between clavicular shortening and shoulder strength

References Mean shortening Mean strength in Correlation (p-
in mm (SD) Newton (95% Cl) value)
Stegeman?® 25 (16) Adduction: 7.2 (-3.5-18) i =-1.29 (p=0.07)
2015 13% (8%) Abduction: -0.1 (-8.8 - I =-0.47 (p=0.4)
8.6) i =0.59 (p=0.5)
Anteflexion: 9.6 (-3.1 - i =-0.08 (p=0.9)
22) i =008 (p=08)
Retroflexion: 14.6 (6.7 - i =0.37 (p=0.3)
9.8)
Exorotation: 2.0 (-3.2 -
7.3)

Endorotation: 5.1 (-0.8 -
11.1)
McKee® 145 (8.6) Flexion: 81%, 75%¢ ns
2006 Abduction: 82%, 67% r=-0.32 (p=0.06)
<20: n=19 (63%) Exorotation: 81%, 82% ns
>20: n=11 (37%) Endorotation: 85%, 78% ns
@ Proportional shortening: overlap of fracture fragments divided by sum of overlap and length of
injured clavicle. ° Difference in strength between uninjured and injured shoulder. P>0.05 for all
comparisons. ¢ Strength and endurance of injured shoulder as a percentage of the uninjured
shoulder.
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15 mm) did not result in a significantly lower Constant score?#?¢. Only Postacchini found
that shortening was significantly larger in patients with a Constant score below 80, than
in patients with a Constant score of 90 or higher?®. Stegeman reported that all DASH and
Constant scores were in the normal range of values, and therefore, did not analyse a

relation with shortening??.

Two studies evaluated arm strength (Table 3, p29)>?%. Only the association between
shortening and abduction endurance approached statistical significance in one study®.
There was no relation between shortening and endurance for all other motions, nor with

strength®?3,

Table 4. Methodological quality of included studies assessed according to the
Methodological Index for Non-Randomized Studies (MINORS) instrument??
Fugle- Figuei- Stege- Rasmus- Postac- McKee®

sang?® redo” man?® sen? chini?>
1. A clearly stated aim 2 2 2 2 2 2
2. Inclusion of 1 2 1 1 1 1
consecutive patients
3. Prospective collection 2 2 2 2 2 2
of data®
4. Endpoints 2 2 2 2 2 2
appropriate to the aim
of the study
5. Unbiased assessment 0 0 0 0 1 1
of the study endpoint
6. Follow-up period 2 2 2 2 2 2
appropriate to the aim
of the study
7. Loss to follow up less 2 1 2 2 2 2
than 5%
8. Prospective 0 0 1 0 0 0
calculation of the study
size
Total 11 11 12 11 12 12

The items are scored 0 (not reported), 1 (reported but inadequate) or 2 (reported and adequate).
Maximum score is 16.
@ Data were collected according to a protocol established before the beginning of the study.

=
31



Risk of bias and quality assessment

Table 4 shows the results for the assessment of the methodological quality for each study.
All studies had a clear aim and collected appropriate data according to a beforehand
established protocol. In most studies, however, there was risk of observer bias because
function scores and shortening were measured by the same researcher, and of selection
bias because only a portion of the eligible patients participated. Only one study mentioned

the intended sample size, but no calculation or rationale was stated?®?,

DISCUSSION

In daily practice, shortening of a midshaft clavicular fracture is often regarded as a risk
factor for functional impairment after fracture union. This review of the available literature
included six studies and showed that there is not enough evidence to substantiate this
assumption. Therefore, shortening of a fractured clavicle should currently not be regarded
as an evidence-based indication to operate for the goal of functional improvement. In a
clear evidence-supported approach, other indications should be considered such as the
reduced risk of nonunion and earlier functional recovery. Also, following the principles of
shared decision making, patients’ preferences could be reason to opt for surgical
treatment.

Adifficulty in studying possible influences on shoulder function is that Constant and DASH
scores are generally in the upper range of the scale after clavicular fractures. Due to this
ceiling-effect subtle differences in scores remain undetected, although such small
differences in scores are unlikely to be clinically relevant for most patients. Also, the
number of patients with a large amount of shortening in the included studies was low.
For instance, the association that was found between a larger shortening and a Constant
score below 80 in one study, was based on only nine patients?®.

The most important limitation of this review is the heterogeneity in methods and
definitions across studies. The research groups obviously differed in their ideas about the
best way to measure clavicular shortening. Most conspicuous are the different time points
at which shortening was measured; either directly after the injury, or after fracture union.
Fuglesang reported that the median difference in clavicular length between initial and
final radiographs was 7.5 mm (25th—75th percentiles 4-10), and that there were large

individual adjustments suggesting that the final amount of shortening cannot be reliably
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predicted on initial radiographs?®. Two previous studies by Smekal et al., however, showed
no significant difference between initial and final proportional shortening [5.4 (SD 4.0) vs
4.7(D 3.9),p=0.16,and 5.0 (SD 3.3) vs 5.1 (SD 3.5), p = 0.86]°%3".

Also, different techniques were applied to measure shortening. Three studies used the
length of the contralateral clavicle, assuming that the clavicles had been equally long
before the fracture®+?7 Itis, however, well known that a considerable asymmetry of both
clavicles may exist within individuals: a mean difference in clavicular length of 4.25 mm
(SD 3.8) and an asymmetry of C5 mm in 28.5% of uninjured, skeletally mature adults has
been reported®.

In addition, four of the studies expressed shortening as the absolute difference in
clavicular length>24%627 A large absolute shortening, however, potentially has more
influence on shoulder kinematics in a patient with a short clavicle than in a tall patient
with a long clavicle®. Stegeman and Postacchini accounted for these issues by expressing
shortening as a proportion of the clavicular length, and using the estimated length of the

original bone instead of the contralateral clavicle for comparison?325,

In summary, the existing evidence to date does not allow for a valid conclusion regarding
the influence of shortening on shoulder function after union of nonoperatively treated
midshaft clavicular fractures. Shortening alone is currently not an evidence-based
indication to operate for the goal of functional improvement. Well-designed prospective
studies including sufficient numbers of patients with a substantial amount of shortening

are needed to formulate a conclusion.
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Reconstruction plates for clavicular fractures

ABSTRACT

Background

For the fixation of displaced midshaft clavicular fractures different plates are available,
each with its specific pros and cons. The ideal plating choice for this lesion remains subject
to ongoing discussion. Reconstruction plates are cheap and easily bendable, but their
strength and stability have been questioned. The aim of this study was to evaluate the

failure rate of reconstruction plates in the fixation of clavicular fractures.

Patients and methods

A multicenter, retrospective cohort study of all consecutive patients with a displaced,
midshaft clavicular fracture (Robinson type 2a/2b) treated with a 3.5-mm reconstruction
plate between 2006 and 2013 were evaluated. The primary outcome measure was
reoperation rate due to implant failure. Secondary outcome measures were nonunion,

symptomatic malunion and elective plate removal.

Results

One hundred and eleven patients were analysed. During a median follow-up of 8 months,
14 patients (12.6%) had implant failure, of which 7 (6.3%) required a reoperation. Three
nonunions (2.7%) and no symptomatic malunions occurred. Plate removal was indicated

in 37.8% of patients because of implant irritation.

Conclusion

The incidence of reoperation due to implant failure following clavicular plate fixation with
a reconstruction plate is 6.3%. Although comparison with other plate types is difficult
since rates in literature vary greatly, reoperation rates in other plates are reported around
2-3%, suggesting that reconstruction plates have a higher incidence of implant failure
warranting reoperation. Therefore, especially in patients with known risk factors for
complications (e.g. smoking, osteoporosis, comminuted fractures), a stronger plate than

a reconstruction plate should be considered.



INTRODUCTION

In the past decade, operative treatment of dislocated midshaft clavicular fractures has
become more common. The evidence in favour of operative treatment still grows, as
recent studies show lower nonunion and symptomatic malunion rates and earlier return
to work compared with conservative treatment™. With the development of the more
advanced anatomically preshaped plates, the discussion is shifting from indications for
operation towards the choice of implant for the midshaft clavicle>”.

Reconstruction plates, available in a locking and non-locking design, are frequently used
for the fixation of clavicular fractures. Originally designed for pelvic fixation,
reconstruction plates have a lower profile than standard compression plates with a
concentrated mass around the screw holes. These characteristics reduce plate stiffness,
facilitating easy contouring in all planes to fit the anatomic shape of the clavicle®.
However, implant failure such as bending or breaking of the plate has been reported and
subsequently the strength of reconstruction plates for the fixation of clavicular fractures
was questioned?®.

Alternatives for reconstruction plates include limited contact—dynamic compression plates
(LC-DCP) and small fragment locking compression plates (LCP), which are both straight
and strong but are difficult to fit well on to the clavicle. More recently, anatomically
preshaped locking plates were introduced to fit the s-shaped clavicle without having to
bend the plate. These plates supposedly provide more biomechanical stability and reduce
the incidence of implant failure and plate irritation, but conclusive results are lacking. Also,

they are more expensive compared with other plates such as the reconstruction plate®.

These disadvantages of other plate types cause the cheap and easily applied
reconstruction plate to remain popular for fixating clavicular fractures, but clinical
evidence on implant failure rates is limited. This lack of data warrants clinical evaluation
of the use of reconstruction plates for displaced midshaft clavicular fractures. Therefore,
the primary aim of this study was to investigate the incidence of implant failure (i.e. plate
breaking, bending and screw loosening) that necessitates reoperation. Secondary

outcome measures were nonunion, symptomatic malunion and elective plate removal.
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PATIENTS AND METHODS

This study describes a retrospective cohort of all consecutive patients with a displaced
midshaft clavicular fracture treated with a 3.5-mm reconstruction plate between 2006
and 2013 in two non-university teaching hospitals in The Netherlands, including one level
1 trauma center. Data were presented according to the guidelines for reporting
observational studies as formulated in the “Strengthening the reporting of observational

studies in epidemiology” (STROBE) Statement®.

In- and exclusion criteria

Patients were identified using the procedure-code for open reduction and internal plate
fixation of clavicular fractures. Patients were included for analysis if they met the following
inclusion criteria: (1) Fully displaced, midshaft clavicular fracture (fracture type Robinson
2a/2b)'° and; (2) 3.5 mm reconstruction plate fixation.

In both hospitals, indications for operative fixation of an acute fracture were: more than
one shaft width of dislocation, > 2 ¢cm shortening, compromised skin, open fractures,
neurovascular injury, or a combination of these reasons. Patients were excluded if: (1)
Follow-up was shorter than two months or; (2) Indication for surgery was nonunion or

malunion of a previous fracture.

Surgical technique, rehabilitation and follow-up

All operations were performed or supervised by a certified orthopaedic trauma surgeon,
according to the AO-principles and under fluoroscopic guidance. Patients were operated
under general anaesthesia. Standard prophylactic antibiotics were administered. After
reduction, fixation was done with lag screws and a neutralization plate or with a bridging
technique. The plates were contoured by the surgeon to fit the shape of the clavicle and
were positioned on either the superior or anterior-inferior surface of the bone. Plate
fixation was locking or non-locking, with a minimum of three bi-cortical screws in both
the proximal and distal end. All locking plates were made of titanium, whereas the non-
locking plates were made of steel.

Postoperative treatment consisted of active non-weight bearing motion exercises of the

shoulder throughout the first six weeks. After satisfactory radiographic control at six



weeks postoperatively, patients were allowed to start weight bearing motion exercises.

Further clinical and radiological evaluation was done on indication.

Data

Medical records and diagnostic imaging were reviewed to obtain patient characteristics,
fracture type according to the Robinson classification'®, mode of fixation (locking or non-
locking) and postoperative complications. The quality of fracture reduction was judged on
the intra- and postoperative X-rays as “anatomical” or “non-anatomical”. In the latter, a
gap or step-off of 2 mm or more was present after reduction of the fracture. Bridge
plating of severely comminuted fractures was also defined as non-anatomical.

The primary outcome parameter was defined as reoperation due to, or in the presence of
plate breaking, plate bending or screw loosening. Overall implant failure also included
asymptomatic patients. In all patients, at time of inclusion at least a year had passed since
surgery. Secondary outcome parameters including nonunion, malunion, and plate
removal were obtained from digital records. Nonunion was defined as no bony bridging

after nine months in the presence of pain and/or impaired function.

Statistical analysis

Data were analysed using SPSS version 20.0 (SPSS Inc., Chicago, IL, USA). Descriptive
statistics were calculated for all variables, including frequency counts for categorical
variables and median with range for continuous variables. Differences between groups
were evaluated with the Fisher’s exact test for categorical variables and with the Mann
Whitney U test for continuous variables. Statistical significance was assumed if two-sided

P-values were below 0.05.

RESULTS

One hundred and thirty-five consecutive patients received plate fixation of a clavicular
fracture during the study period, of whom 123 patients met the inclusion criteria. Twelve
patients were excluded because indication for surgery was nonunion or malunion (n = 9)
or follow-up was shorter than two months (n = 3).The remaining 111 patients with 111

midshaft clavicular fractures were included for analysis.



Table 1. Baseline characteristics of the included patients
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n=111

Gender

Male 89 (80.2)

Female 22 (19.8)
Age in years, median (range) 41 (14-65)
Smoking, current

Yes 25(22.5)

No 68 (61.3)

Unknown 16 (16.2)
Cause of injury

Sports 51 (47.8)

High energy 41 (36,9)

Low energy 10 (9)

Other 7 (6.3)
Fracture Type?®

2a2 2(1.8)

2b1 80 (72.1)

2b2 28 (25.1)

UnknownP 1(0.9)

The values are given as the number of patients, with the percentage in parentheses.
2 According to the Robinson classification'™. ® No preoperative X-ray available for fracture
classification.

Patient demographics and baseline characteristics

The median age was 41 years and most patients were male (Table 1). Surgery was
performed after a median of 9.0 days (range 0-47 days). Seven patients had surgery more
than three weeks after injury because the initially preferred conservative treatment was
too painful or fracture dislocation increased.

Forty-six fractures (41.4%) were fixated with a non-locking reconstruction plate and 65
with a locking reconstruction plate. Most plates were positioned superiorly (83.8%).
Anatomical reduction was accomplished in 90.1% of cases. Median time of follow-up
was 8.0 months (range 2-54 months). All patients with a short time of follow-up had

been discharged from further check-up because they were doing well at that point.

=
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Primary outcome: reoperation due to implant failure

Reoperation due to implant failure was indicated in 7 patients (6.3%). Reasons for
reoperation were plate breakage in five cases, screw loosening with nonunion in one case,
and breakout of the plate in one case. In three patients with a broken plate, there was
previous plate bending (n = 2), or nonunion (n = 1) (Table 2). There were no significant
differences between locking (titanium) and non-locking (steel) plates.

Smokers required a reoperation more often (20.5% of smokers versus 1.5% of non-
smokers, P = 0.005, Fisher’s exact). Of the patients with a non-anatomical fracture
reduction, 18.2% needed a reoperation versus 5% of patients who had an anatomical
reduction (P = 0.14).

Seven patients had implant failure but were asymptomatic and were treated
conservatively. In some of these patients more than one implant problem occurred,
including screw migration in five patients, plate bending in three and plate breakage in

one patient (Figure 1, p44).

Secondary outcomes: nonunion and malunion

Nonunion occurred in three patients (2.7%), two of whom had concomitant implant
failure, i.e. one plate breakage and one screw migration. One patient had a spontaneous
refracture one week after elective plate removal, ten months after initial surgery and was
recorded as nonunion. In all three, reduction had been anatomical. In all cases a
reoperation was performed with uneventful recovery. Malunion occurred in five cases and

was treated conservatively in all.

Table 2. Complications after reconstruction plate fixation

n=111

Reoperation® 7 (6.3)

Breaking of plate 5(4.5)

Bending of plate 2(1.8)

Screw loosening 2(1.8)
Implant complications (total) 14 (12.6)
Nonunion 3(2.7)
Malunion (all asymptomatic) 5(4.5)
Plate removal 42 (37.8)

The values are given as the number of patients, with the percentage in parentheses.
@ Reoperation due to implant failure. Some patients had more than one complication.
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Figure 1c After three months, screw loosening and plate bending were seen on X-rays. Since the

patient had excellent function and no pain, this was treated nonoperatively.
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Other complications

One superficial wound infection occurred that warranted antibiotic treatment. There were
no deep infections nor neurological injuries. One patient treated with a locking
reconstruction plate developed a pneumothorax during operation and needed a chest
tube for three days. One patient developed a subclavian venous thrombosis three days

after surgery and was treated with anticoagulants but otherwise recovered uneventfully.

Plate removal
Forty-two plates (37.8%) were removed because of implant irritation after a median of
10.5 months (3-54 months). Nine patients complained of implant irritation but chose not

to have the plate removed.

DISCUSSION

This study evaluates over one hundred patients with a displaced clavicular fracture treated
exclusively with reconstruction plates. In these 111 patients, implant failure occurred in
12.6% with a reoperation rate of 6.3%.

A substantial part of the available evidence on reconstruction plates is derived from
biomechanical and cadaveric studies, with varying results. Overall, the advantages of
reconstruction plates —reduced stiffness and easy to bend — seem to account for their
weaknesses as well, causing reconstruction plates to offer less biomechanical stability than
other plates™ 2.

In clinical studies, the incidence of reconstruction plate failure varies widely. An overview
of the literature is provided in Table 3, p46. Several authors report 0% reoperations due
to implant related complications, but all cohorts consisted of less than 40 patients?/.1313,
Other small studies report reoperation rates of 4-7%''°. The only large group treated
with reconstruction plates, other than the present study, was a cohort of 125 patients
described by Shin in 2012, showing results very similar to ours: 12% implant failure with
a reoperation rate of 8%?°. Therefore, the results of our study seem consistent with those
previously published.

The incidence of nonunion (2.3%) found in the present study is comparable with
nonunion rates stated in literature (0-3%)'+2"22. Apparently reconstruction plates offer

sufficient stability needed for bone healing. Elective plate removal was performed in
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37.8%. This suggests that the easily bendable reconstruction plate does not guarantee a
better fit resulting in less plate removal, since the incidence of elective plate removal of
clavicle plates in general is around 30%?".

Comparing reconstruction plates with other plate types, is difficult for a number of
reasons. The majority of studies on clavicular plate fixation use more than one plate type
and do not state whether any differences between plate types regarding implant failure
were found. Also, many studies do not differentiate between reoperations due to implant
failure, complications such as deep infection and elective removal because of plate

irritation?>16.21,23:25,
Considering failure of all plates following fixation of clavicular fractures, reoperation rates

range from 0-9.4%34212427 A few studies use a single non-reconstruction plate, and

explicitly address implant failure. Jones for instance, used 2.7 mm antero-inferiorly placed

Table 3. Implant failure of reconstruction plates, summary of literature

Study No of Plate type / location® Implant Reoperation
patients failure  due to
implant
failure
Gilde et al, 71 2.7-mm reconstruction, 8.5% 5.6%
2014V anterior
Galdi et al, 37 2.7-mm and 3.5-mm 0 0
201312 reconstruction, anterior
Virtanen et al, 28 2.8-mm reconstruction, 7 0
20127 anterior
Chenetal, 20128 84 reconstruction 7% Not stated
Shinetal, 20122 125 reconstruction, superior 12% 8%
Tarng et al, 32 3.5-mm reconstruction, 6% Not stated
2012 superior
Kulshrestha et al, 45 reconstruction, superior 4.4% 4 4%
2011%7
Mirzatolooei et 26 3.5-mm reconstruction, 7.7% 3.8%
al, 201178 superior
Choetal, 20107 41 reconstruction and locking 7% 0
reconstruction
Liu et al, 2010% 59 locking reconstruction 8.5% Not stated

@Some authors did not state the thickness or location of the plate.



dynamic compression platesin 129 patients and described 0% implant failure?®. Recently,
Robinson et al. reported a reoperation rate of 2.3% due to implant failure, using
precontoured Acumed plates in 86 patients®.

The only comparative data available stems from a recent retrospective study evaluating
the incidence of failure of 2.7 mm reconstruction plates and dynamic compression plates
(DCP) in a total of 156 patients. They reported significantly more implant related
complications in reconstruction plates (8.5% vs 1.2%,P = 0.03)". Reoperation rate due
to implant failure in the reconstruction group was 5.6%, but significance was not stated.
Overall, reconstruction plates appear to have a somewhat higher incidence of implant
related complications warranting reoperation than other plate types. Therefore, it is
important to carefully choose the implant that best suits the patient, fracture and surgeon:
not only should one consider a stronger plate, but different surgical techniques such as

intramedullary pin fixation can also be an option.

There are obvious limitations to the retrospective design of this study. The major limitation
is the short follow-up time for some patients. This was due to patients’ quick recovery and
subsequent discharge from further check-up with instructions to come back in case of
any complaints. For each patient, at least a year had passed after surgery in which the
patient could have returned with late complications. However, it is possible that an
unknown number of patients went to another hospital with complaints, resulting in an
underestimation of reoperation rate. To estimate this error, we assume that most
clavicular fractures that heal uncomplicated are consolidated after four months, and thus
the patients who were discharged after less than four months are the subjects most likely
to develop implant failure after follow-up. If all of these patients would develop implant
failure, the failure rate would be 8.1% instead of 6.3%. This would strengthen the
conclusion that reconstruction plates should only be used in patients with no risk factors
for complications.

A second limitation is the heterogeneity of the group. Locking as well as non-locking
reconstruction plates were used, in both anterior and superior position. Although no
significant differences in failure rates were found between plate types or plate position, a

randomized design is warranted to compare these variables more reliably.
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Also, follow-up was not standardized and in some patients late postoperative X-rays were
made on indication only. Therefore, and due to early discharge of many patients, the rate

of asymptomatic implant failures was probably underestimated.

CONCLUSION

In conclusion, our study comprises one of the largest analysed cohorts of patients with
displaced midshaft clavicular fractures treated with 3.5 mm reconstruction plates.
Reconstruction plates are cheap and easy to use, but the incidence of reoperations due
to implant failure seems to be higher than for other plate types. This should be taken into
account when choosing a plate for clavicular fixation. Especially if any risk factors for
implant failure are present (e.g. tobacco use, very comminuted fracture, osteoporosis), a
stronger plate should be considered. However, a prospective, randomized trial comparing

different plates is necessary to draw firm conclusions.
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Plate fixation versus nonoperative treatment, a RCT

ABSTRACT

Background

The use of operative treatment for clavicular fractures is increasing, despite varying results
in previous studies. The aim of this study was to compare plate fixation and nonoperative
treatment for displaced midshaft clavicular fractures with respect to nonunion, adverse

events, and shoulder function.

Patients and methods

In this multicenter, prospective, randomized controlled trial, patients between 18 and 60
years old with a displaced midshaft clavicular fracture were randomized between
nonoperative treatment and open reduction with internal plate fixation. The primary
outcome was evidence of nonunion at 1 year. Other outcomes were secondary
operations, arm function as measured with the Constant shoulder score and Disabilities
of the Arm, Shoulder and Hand (DASH) score, pain, cosmetic results, and general health

status. Qutcomes were recorded at 6 weeks, 3 months, and 1 year following trauma.

Results

One hundred and sixty patients were randomized. The rate of nonunion was significantly
higher in the nonoperatively treated group than in the operatively treated group (23.1%
compared with 2.4%; p <0.0001), as was the rate of nonunion for which secondary plate
fixation was performed (12.9% compared with 1.2%; p = 0.006). The rate of secondary
operations was 27.4% in the operatively treated group (16.7% for elective plate removal)
and 17.1% in the nonoperatively treated group (p = 0.18). Nineteen percent of the
patients in the operatively treated group had persistent loss of sensation around the scar.
No difference was found between the groups with respect to the Constant and DASH

scores at all time points.

Conclusion
For patients with a diaphyseal fracture of the clavicle displaced at least 1 shaft width, plate
fixation improves the chances that the bone will heal; however, the rate of patients who

need a second operation is considerable. In addition, the procedure does not improve
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shoulder function or general symptoms, and it does not decrease limitations compared

with nonoperative treatment in a sling.
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INTRODUCTION

Midshaft clavicular fractures have a long history of being treated nonoperatively. This
strategy originates from the time of Hippocrates, who was the first to describe that these
fractures merely need benign neglect from the physician’. Many centuries later, in the
1960s, this vision was supported by the results of 2 large studies that showed extremely
low nonunion rates following nonoperative treatment (0.71% and 0.13%, respectively)>=.
By the turn of the century, however, more evidence became available showing that the
true prevalence of nonunion after nonoperative treatment was much higher than
previously thought, i.e., approximately 10% to 15%%>. Also, sequelae such as pain and
cosmetic defects were shown to remain in a quarter of the patients up to 10 years after
nonoperative treatment®. In 2007, the Canadian Orthopaedic Trauma Society published
the first randomized controlled trial (RCT) comparing nonoperative treatment with plate
fixation, showing lower nonunion rates and a better arm function after plate fixation®.
That study appears to have led many surgeons to consider routine operative treatment
for displaced fractures of the midshaft of the clavicle to be superior to nonoperative
treatment. Although several other RCTs have been published since then, the issue remains
very relevant because the question of whether operative treatment is most suitable for all
patients with a displaced midshaft clavicular fracture remains unsettled, and published
meta-analyses are equivocal’'".

The aim of the present multicenter randomized trial was to compare the results of open
reduction and plate fixation with nonoperative treatment in patients with a displaced
midshaft clavicular fracture with respect to nonunion, adverse events and secondary

operations, shoulder function, and general health status.

MATERIALS AND METHODS

Design and Setting

Approval for this multicenter RCT was obtained from the institutional ethics review
committee of each participating hospital. The trial was registered in the Netherlands
National Trial Register (NTR2399). Patients were recruited between June 2010 and
December 2013 in 16 teaching and nonteaching hospitals in the Netherlands, including



4 university hospitals. The results were reported following the Consolidated Standards of

Reporting Trials (CONSORT) guidelines'?.

Inclusion Criteria

Patients were eligible for inclusion if they had (1) a fracture of the middle third of the
clavicle with displacement of at least 1 shaft width (Robinson type 2B1 or 2B213), (2) an
age between 18 and 60 vyears old, (3) no contraindications for surgery or general

anaesthesia, and (4) provided signed informed consent.

Exclusion Criteria

Patients were excluded if they had =1 of the following criteria: (1) a pathologic fracture,
(2) an open fracture, (3) a neurovascular injury of the shoulder region with objective
neurologic findings on primary physical examination, (4) an associated head injury
(Glasgow Coma Scale score of <12), (5) an ipsilateral upper extremity fracture, (6) first
presentation >14 days after injury, (7) pre-existing impaired shoulder function or previous

surgery of the shoulder, and (8) an inability to comply with follow-up.

Sample Size

The sample size calculation was based on a difference of 15 percentage points in
nonunion rates between the treatment groups. The initial calculation suggested that 350
patients were needed™, but after the trial had started, this was discovered to be incorrect.
No interim analysis was performed. The sample size was recalculated with the same power
(80%), significance level (0.05), and drop-out rate (10%), using evidence available at that
time that showed a difference in nonunion rates of 13 percentage points (15% compared
with 2%)'®, which indicated that 160 patients were needed to find a significant difference
in nonunion rates between groups. The recalculation was approved by the scientific and
ethics review committee. Accordingly, the trial inclusion was stopped after the 160th

patient.

Randomization
All eligible patients received verbal and written study information at the emergency room
or outpatient clinic. All participants provided written consent. Minimization randomization

was accomplished with the online registration and randomization program TENALEA
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(Trans European Network for Clinical Trials Services). Patients were randomly assigned to
nonoperative treatment or to open reduction and plate fixation in a 1:1 ratio stratified by
hospital. For each subsequent participant, the allocation depended on the included

participants to minimize imbalance’®.

Nonoperative Treatment

For patients assigned to nonoperative treatment, follow-up started at the day of inclusion.
During the first 2 weeks, patients used a sling and were advised to perform non-weight-
bearing pendulum exercises after instruction by a physiotherapist, followed by more active
movement up to the horizontal plane. After 6 weeks, full range of motion was permitted
and strengthening exercises were started. If an indication for surgical treatment arose,
secondary plate fixation (with bone-grafting if judged appropriate by the treating

surgeon) was offered to the patients.

Operative Treatment

Patients assigned to operative treatment had the operation within 3 weeks after injury.
Follow-up started on the day of the operation. All operations were performed by, or under
direct supervision of, a fracture surgeon. In the Netherlands, fractures are generally
treated by trauma surgeons rather than orthopaedic surgeons. Surgery was performed
according to the AO standards for osteosynthesis (i.e., 6 cortices on each side of the
fracture and use of a lag screw if possible). There were no restrictions regarding incision,
plate location, or type of plate. All patients received single-dose preoperative antibiotic
prophylaxis. The postoperative mobilization protocol was the same as for nonoperatively

treated patients.

Outcome Measures

Study evaluation points were at 6 weeks, 3 months, and 1 year. Radiography consisted of
an anteroposterior and a 30°-caudocephalad radiograph made after injury and at each
follow-up examination. Radiographs were evaluated by the surgeon.

The primary outcome was evidence of nonunion at 1 year, defined as the absence of
complete osseous bridging of the fracture on the radiograph after 6 months. Also,
nonunion was scored if it was evident during a secondary operation at least 4 months

after trauma.



Secondary outcomes were arm function, adverse events, pain, general health status, and
satisfaction with the cosmetic appearance. These were assessed at 6 weeks, 3 months,
and 1 year. Function was measured with the Constant score'” and with the Disabilities of
the Arm, Shoulder and Hand (DASH) outcome measure™. As part of the Constant score,
strength was measured using a dynamometer (microFET2; Hoggan Scientific), which is a
handheld dynamometer measuring the force a patient can produce against a stationary
counterforce.

Adverse events and secondary operations were assessed by the investigator. Secondary
operations were all procedures apart from the initial operation for fracture treatment (e.g.,
surgery for nonunion or plate failure, debridement for deep infection, and implant
removal). Symptomatic malunion was diagnosed if secondary surgery was performed in
an attempt to address symptoms thought to be related to deformity of the clavicle.
Adverse events were all unexpected and unwanted outcomes related to the treatment or
admission (e.g., perioperative pneumothorax, infection, and nonunion).

Pain was scored by the patient on a numeric rating scale from 0 (no pain) to 10 (extreme
pain). General health status based on general symptoms and limitations was measured
using the Short Form (SF)-36 questionnaire, expressed as the physical and the mental
component summary score'. A score of 50 represents the expected value for the general
population. Satisfaction with the cosmetic appearance of the shoulder was scored on a
3-point Likert scale (as unsatisfied, partly satisfied, and [very] satisfied).

All patients who did not return for follow-up or had missing radiographs after 1 year were
contacted by telephone to ask whether they had complaints and whether they had

received (operative) treatment for their clavicular fracture elsewhere.

Statistical Analysis

Statistical analysis was performed using SPSS statistical software (version 20; IBM).
Differences in percentages for the primary outcome were analysed using the chi-square
test. Constant, DASH, and SF-36 scores were compared using the Student t test. Pain
scores were analysed using the Mann-Whitney test. Differences among >2 groups were
analysed using analysis of variance and post hoc Bonferroni tests.

In the review process, it was noted that we did not plan how to address missing data prior
to the trial and we did not use the preferred strict intention-to-treat approach for

randomized trials. With the help of a statistician, we compared our original analysis with
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an analysis using multiple imputations to address missing data, found no differences in

the analysis, and decided to present our original complete case analysis.

Excluded (n = 10
= Mot meeting inclusion
criteria (2)

= Declined to participate
(@)

Randomized (0= 160)

L AdCrCETION
Allocated to operative treatment Allocated to nonoperative
(n =86} reatment ( n= 74)
= Received allocated mtervention * Recemved allocated intervention
{n = 85) [n=T3)
{1 patient receed ate faton on own
request because of pain and was
Enalysed m nonoperative group
according o intention 1o treat principée)
Folkow-up
« Lost o follow-up (no show and Lot to follow-up (no show and
unabile to reach, n= 2) unbile 1o reach, n= 4}
Analysis
Analyzed (n = B4) Analyzed (n=T0

Figure 1. Flowchart of the included patients. The imbalance of the treatment groups was
probably a result of stratification by hospital, with some hospitals including only a few

patients.

RESULTS

Between June 2010 and December 2013, 160 patients were included, and of those, 86
were randomized to operative treatment and 74 to nonoperative treatment (Figure 1).
Baseline features of the included patients are shown in Table 1. One patient who was
randomized to nonoperative treatment received plate fixation within a week because of
pain and was analysed in the nonoperative group according to the intention-to-treat

principle.

=t
61



Chapter 4

Most operatively treated patients (80%) were treated with a precontoured clavicular plate
(various manufacturing companies). The plates were placed superiorly (52%), anteriorly
(12%), or anterosuperiorly (21%); placement was not documented for 15%.

At 1 year, no radiograph was made for 18 patients. Six of them had already reached
radiographic consolidation earlier and were regarded as having achieved union. Six others
(1 in the operatively treated group and 5 in the nonoperatively treated group) could be
reached by telephone and reported that they had excellent function, no pain, and no
complaints. They were regarded as lost to follow-up for the primary outcome
(radiographic nonunion), but were counted as not having a symptomatic nonunion. Six
patients (3.8%; 2 in the operatively treated group and 4 in the nonoperatively treated
group) were lost to follow-up before the union status was determined and could not be

reached by telephone after 1 year.

Table 1. Baseline characteristics of the included patients

Plate fixation Nonoperative treatment
(n=86) (n=74)
Male patients 80 (93) 66 (89)
Age® (mean yrs, [SD]) 383(12.7) 37.2(12.5)
Current smoker2 18 (22) 19 (27)
Trauma mechanism®
Traffic 42 (49) 31 (43)
Sports 33(38) 33 (46)
Fall from a height 34 2(3)
Other 8(9) 6(8)
Dominant arm¢© 36 (44) 30 (42)
Robinson classificationd
2B1 50 (59) 37 (53)
2B2 34 (41) 3347)

The values are given as the number of patients, with the percentage in parentheses unless stated
otherwise.

2 Data not available for 6 patients (3 in each group).  Data not available for 2 patients in the
nonoperative treatment group. ¢ Data not available for 4 patients in the plate fixation group and
2 in the nonoperative treatment group. ¢ Data not available for 2 patients in the plate fixation
group and 4 in the nonoperative treatment group.

=n—d
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Fracture healing

At 1 year, 2 patients (2.4%) in the operatively treated group and 15 (23.1%) of 65
patients with radiographs available in the nonoperatively treated group had developed
nonunion (p < 0.0001). The number needed to treat to prevent 1 nonunion was 4.8
patients.

One patient in the operatively treated group was diagnosed with nonunion when the
plate loosened after 9 months. The plate was removed, and the nonunion was treated
nonoperatively. The other patient sustained an early spontaneous refracture after elective
plate removal 1 year after primary surgery and was treated with secondary plate fixation
with bone-grafting, during which nonunion was confirmed. The fracture healed.

In the nonoperatively treated group, a nonunion developed in 15 patients and 9 of them
had symptoms requiring secondary plate fixation. Five of them received secondary plate
fixation within 1 year after fracture (at 4 months [3 patients], 8 months [1 patient], and 9
months [1 patient]), whereas the other 4 received the plate after the study follow-up
period. Secondary plate fixation for nonunion was performed in 1.2% in the operatively
treated group and in 12.9% (9 of 70 patients with data available) in the nonoperatively
treated group (p = 0.006).

Functional Outcomes

After 1 year, the functional scores of 75 (87%) of 86 patients in the operatively treated
group and 58 (78%) of 74 patientsin the nonoperatively treated group were available for
analysis. Constant scores were similar for both treatment groups at all time points, as
were DASH scores (Table 2).

At the 1-year follow-up evaluation, the mean functional scores of the patients who
received secondary plate fixation because of nonunion within 1 year were similar to those
of the patients with a primarily united fracture in both treatment groups (the mean
Constant scores [and standard deviations] were 98.5 + 2.8 and 96.3 + 6.7, respectively,
and the mean DASH scores were 2.9 + 4.2 and 3.3 £ 6.1). The 5 patients with a nonunion
who had not received surgery at that time had significantly poorer function scores at 1
year than the patients with a united fracture: the mean Constant scores were 86.2 + 11.7
and 96.3 = 6.7, respectively (p = 0.01) and the mean DASH scores were 14.7 + 14.6 and
33 +6.1(p=0.005).

=n—d
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Table 2. Functional results for the treatment groups

Nonoperative

Plate fixation treatment
Scoring System No. Score No. Score P Value
Constant score
6 wk 76 87.3 +11.9 68 83.6 £12.7 0.07
3 mo 80 93.8 +8.2 62 93.8+7.4 1.00
12 mo 75 954 +7.8 58 96.6 +6.3 0.35
DASH-questionnaire
6 wk 77 15.2 £12.6 70 19.0 +14.4 0.08
3 mo 75 7.3 9.8 64 6.9 +8.0 0.79
12 mo 80 45 +7.6 64 3274 0.30

The values are given as the mean and the standard deviation.

Secondary Operations

In the operatively treated group, a reoperation for adverse events was performed in 9
patients (10.7%) because of deep wound infection (2 patients), early implant failure (5
patients), late implant failure (1 patient), and nonunion that became manifest with a
refracture after implant removal (1 patient) (Table 3, p64). After 1 year, implant removal
was performed in or scheduled for 16.7% (14) of the 84 patients. There were no
differences between different plate positions with regard to implant failure (p = 0.69) or
plate removal (p = 0.53).

In the nonoperatively treated group, 11 patients (15.7%) had a secondary operation for
adverse events including nonunion (9 patients), malunion (1 patient), and late neurologic
complications (1 patient). One patient who underwent secondary plate fixation because
of nonunion later had the plate removed. The secondary operation rate did not differ
significantly between the treatment groups (p = 0.47 for adverse events and p = 0.18 for

adverse events including elective implant removal operations) (Table 3, p64).

Other Adverse Events
Perioperative complications were thrombosis of the cephalic vein, superficial wound

infection, and a cardiovascular event in 1 patient each. More than half of the operatively

=n—d
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Table 3. Secondary operations

Plate fixation Nonoperative P

Indication (n=84) treatment (n=70) value
Adverse events 9(10.7) 11 (15.7) 0.47

Nonunion 1(1.2)p 9(12.9)

Malunion 0 1(1.4)

Deep infection 224 0

Early implant failure® 5 0

Late implant failure® 1(1.2) 0

Neurologic complications 0 1(1.4)
Elective implant removal 14 (16.7) 1(1.4¢
Total (all) 23(27.4) 12(17.1) 0.18

The values are given as the number of patients, with the percentage in parentheses.

2 Nonunion was diagnosed when spontaneous refracture occurred after plate removal. b All early
implant failures occurred within 2 months. In 2 patients (1 with a broken plate and 1 with a loose
plate), plate fixation was repeated. In 2 other patients, the plate had broken or become loose (in
1 each) and was removed after union had been achieved. In 1 patient, a loosened screw was
removed. ¢ Late implant failure occurred after 9 months. The loose plate was removed, and the
concomitant nonunion was treated nonoperatively. ¢ One patient who had nonoperative
treatment received secondary plate fixation for nonunion and later had the plate removed.

Table 4. General health status (SF-36)

Nonoperative
Plate fixation treatment

SF-36 No. Score No. Score P Value
Physical component score

6 wk 78 493 £7.3 70 46.7 £7.8 0.03
3 mo 76 535 7.1 63 53469 0.92
12 mo 79 55.2 6.1 64 56.1 £5.7 0.36
Mental component score

6 wk 78 51.6 £8.6 70 53.1 £7.1 0.25
3 mo 76 53.6 £7.1 63 54.9 £6.1 0.25
12 mo 79 52.6 £9.1 64 52.2 £9.3 0.80

The values are given as the mean and the standard deviation. A score of 50 represents the
expected score for the general population.

=n—d



treated patients experienced numbness of the skin around the scar during follow-up, and

it persisted in 15 (19.2%) of 78 patients 1 year after surgery.

General Health Status
The SF-36 physical component score was somewhat lower in the nonoperatively treated
group (p = 0.03), but only at 6 weeks (Table 4). The mental component scores were

comparable with the score for the general population in both groups.

Pain and Cosmetic Results

Pain scores were somewhat higher in the nonoperatively treated group, but only at 6
weeks (median score 2 compared with 1; p = 0.04). Five percent of the patients in the
operatively treated group and 18% in the nonoperatively treated group indicated that

they were unsatisfied with the cosmetic result after 1 year (p = 0.06).

DISCUSSION

The present RCT demonstrated a significantly lower rate of nonunion after plate fixation
than after nonoperative treatment for patients with a displaced midshaft clavicular
fracture.

There was no difference in functional outcomes. The rate of secondary operations was
considerable and was not significantly different between both groups. Pain scores and
general physical health status were marginally better after operative treatment, but only
at 6 weeks, and the clinical relevance can be disputed.

Since the start of the present study, a number of RCTs that have shown a similar reduction
in the rate of nonunion after operative treatment have been published, leading to an
explosive increase in routine surgical fixation of clavicular fractures. However, the clinical
interpretation of some of the previous results can be debated® 2022,

For instance, in the first RCT that was published in 2007, all patients with a nonunion
underwent secondary surgery, however, it was not mentioned whether they had
complaints and chose to have surgery, or if nonunion was regarded as the indication for
the operation®. In another RCT by Virtanen et al.?°, all 6 patients with a nonunion in the
nonoperatively treated group declined the offered surgical treatment, suggesting that

they did not have sufficient symptoms or limitations to choose surgery. Also, this
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assumption is supported by the fact that functional scores did not differ between the
treatment groups. Mirzatolooei described a difference in function in favour of plate
fixation??. That study noted an exceptionally high number of malunions in the
nonoperatively treated group (73%) and was the only one that found no difference in
nonunion rates. Recently, Robinson et al.?! demonstrated a moderately better function
after plate fixation (@ mean difference in the Constant score of 4.2 points; p = 0.01);
however, when only fractures that had united were analysed, the functional difference
between the operatively treated and nonoperatively treated groups ceased to exist.
These results endorse our findings that plate fixation itself does not improve functional
outcomes, especially not in the long term. Also, since many hospitals cannot provide
immediate surgery, operative treatment does not remove possible disadvantages of
nonoperative treatment for the patient in the first week.

Even though plate fixation considerably reduces the rate of nonunion compared with
nonoperative treatment, it fails to reduce the risk of a secondary operation. Secondary
operations were performed in 27.4% of the operatively treated patients, and this number
is likely to increase in the second year after surgery since more patients are expected to
have their plate removed after longer follow-up.

Potter et al. showed that delayed fixation of a nonunited, nonoperatively treated clavicular
fracture led to functional outcomes similar to those after immediate operative
treatment?®. Our results showed the same, despite the small numbers, which suggests
that failed nonoperative treatment does not preclude the opportunity of effective

treatment, although it does result in a longer recovery time.

The present study had several limitations. First, there was an imbalance between the
groups regarding treatment allocation (86 had plate fixation compared with 74 who had
nonoperative treatment). This was probably caused by having very few patients enrolled
from some hospitals and using stratification per hospital and not central or block
randomization.

Second, there was substantial loss to follow-up, especially regarding the functional scores
(the Constant score was not available for 12.8% in the operatively treated group and
21.6% in the nonoperatively treated group). Although loss to follow-up is frequently

higher after nonoperative treatment because patients have less commitment to return to



the hospital than patients after an operation, this could have led to a bias and reduces
the power for these outcomes.

Third, the surgical treatment protocols varied among the participating hospitals, resulting
in differences in plate type, plate position, and incision. However, this heterogeneity
within the study group reflects daily clinical practice and enhances the external validity of
the outcomes of this study.

Also, radiographs were judged by the treating surgeon only, which could have biased the
results because of a possible underestimation of the complication rate of the surgeon’s
own work and less than perfect interobserver reliability. Finally, because of the duration
of inclusion, new publications on the topic became available, resulting in a stronger
tendency of treating physicians toward operative treatment and a subsequent reduction

in the patient inclusion rate.

Since neither treatment option is clearly superior for all patients, the clavicular fracture is
pre-eminently suitable for shared treatment decision-making, in which the personal values
and beliefs of the patient are addressed along with medical information about both
treatment modalities in a way that individualizes treatment. In this process, it is important
to explain to patients that they have a choice: patients with pain, deformity, and striking
radiographic findings might imagine that they have no other option than fixation. If
surgeons help patients to fully understand the data that are currently available to guide
them, they might realize that their first impressions are not consistent with their values

and their true preference is to avoid surgery.

In conclusion, the present study shows a significantly lower nonunion rate after plate
fixation of the fully displaced midshaft fracture of the clavicle compared with nonoperative
treatment in a sling. However, the rate of secondary operations was comparably high in
both groups, and there were no differences in functional outcomes or general symptoms
and limitations. We therefore do not advocate routine operative treatment for displaced
midshaft clavicular fractures. Initial nonoperative treatment is a good option for the
majority of patients with normal requirements regarding their arm function. If patients
have high physiological demands shortly after surgery, high pain scores, or a strong

preference for surgery, early plate fixation can offer advantages.
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Plate fixation versus nonoperative treatment, a meta-analysis

ABSTRACT

Background

The aim was to analyse whether patients with a displaced midshaft clavicular fracture are
best managed with plate fixation or nonoperative treatment with respect to nonunion,
secondary operations, and functional outcome, by evaluating all available randomized

controlled trials (RCTs) on this subject.

Patients and methods

A systematic search of electronic databases (PubMed, MEDLINE, Embase, and Web of
Science) was performed to identify RCTs comparing nonoperative treatment with plate
fixation for displaced midshaft clavicular fractures. Risk of bias of the studies was assessed.
Qutcomes evaluated were nonunion, shoulder function (Constant score and Disabilities

of the Arm, Shoulder and Hand [DASH] score), and secondary operations.

Results

Six RCTs (614 patients) were included. The risk of nonunion was lower in the operatively
treated patients (relative risk [RR] = 0.14, 95% confidence interval [CI] = 0.06 to 0.32).
One-third of the patients with a nonunion did not receive further treatment. Secondary
operations for adverse events were performed less often in the operatively treated patients
(RR=0.42,95% Cl=0.25t0 0.71). When plate removal operations were also included,
a secondary operation was performed in 17.6% in the operative group and 16.6% in the
nonoperative group (RR = 1.01, 95% Cl = 0.64 to 1.59). Constant and DASH scores after
1 year were somewhat better after plate fixation, with mean differences of 4.4 points
(95% Cl, 0.9 to 7.9 points) and 5.1 points (95% CI, 0.1 to 10.1 points), respectively.

Conclusion

Plate fixation significantly reduces the risk of nonunion, but does not have a clinically
relevant advantage regarding final functional outcome. Secondary operations are
common after both treatments. Overall, there is not enough evidence to support routine

operative treatment for all patients with a displaced midshaft clavicular fracture.
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INTRODUCTION

Clavicular fractures are common and occur typically in younger patients, posing a burden
for this active population. Nonunion of nonoperatively treated, fully displaced midshaft
clavicular fractures occurs much more frequently than was thought for centuries’™. As a
result, operative treatment has substantially gained in popularity in the past decade, even
though complications following surgery are substantial and not all studies have shown
that operative treatment results in better shoulder function*”.

Remarkably, more meta-analyses than randomized controlled trials (RCTs) have been
published on this subject®'. Unfortunately, all have limitations that reduce their value for
daily practice and evidence-based treatment guidelines. Most of the available meta-
analyses compare nonoperative with operative treatment, but include 2 essentially
different operative techniques (plate and pin fixation), each of which is known to have
specific characteristics and complications, and thus cannot be regarded as a single
treatment modality® %1213, Also, some meta-analyses include nonrandomized trials, which

may introduce bias'"'*, or include only a few studies®.

In the current meta-analysis, we chose to compare nonoperative treatment with open
reduction and plate fixation, as the latter is the most widely used operative technique for
clavicular fixation.

Compared with previous meta-analyses, we include 2 recent RCTs that substantially add
to the number of patients analysed. Furthermore, not only nonunion and function but
also secondary operations were studied. To our knowledge, the only previous meta-
analysis that explicitly evaluated secondary operation rates incorrectly performed the
calculation using the number of patients randomized, instead of the number of patients
who completed follow-up™.

The aim of this meta-analysis was to analyse all RCTs that compared nonoperative
treatment with plate fixation in patients with a displaced midshaft clavicular fracture and
to provide high-quality evidence for treatment of displaced midshaft clavicular fractures

in daily clinical practice.
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MATERIALS AND METHODS

This meta-analysis was conducted following the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) Statement'> 1.

We selected RCTs comparing plate fixation with nonoperative treatment in patients with
a displaced midshaft clavicular fracture and reporting data for =1 of the following
outcome measures: nonunion, shoulder function, complications, and secondary
operations. Studies were excluded if they concerned children (<16 years), if they had a
follow-up of <12 months, or if the full-text article was not available in English, Dutch,
French, or German.

With the help of a trained medical librarian, we searched PubMed, MEDLINE, Embase,
and the Web of Science in April 2016, using a combination of different terms and

"ou

synonyms for “clavicle,” “fracture,” and “randomized controlled trial” (see Appendix 2,
p166, for the full search strategy). In addition, the reference lists of previously published
randomized trials, review articles, and meta-analyses were manually searched for
additional eligible studies. Duplicates were removed. The titles and abstracts of the search
results were independently screened by 2 reviewers (SW. and P.K.). In case of presumed
eligibility, the full-text article was reviewed using the same inclusion and exclusion criteria.
In case of disagreement, consensus was reached by discussion and by consulting a third
reviewer (1.B.S.) if necessary.

The 2 reviewers independently extracted data on study characteristics (year of publication,
randomization method, patient and treatment characteristics). Data on the following
outcome measures were documented: nonunion, secondary operations due to adverse
events (e.g., nonunion, wound infection, plate failure), implant removal operations at the
request of the patient due to plate irritation or cosmetic considerations, and function
measured with the Constant score or the Disabilities of the Arm, Shoulder and Hand
(DASH) score. If mean outcomes were reported with a 95% confidence interval (Cl), the
corresponding standard deviation (SD) was calculated.

Seven aspects of the studies related to the risk of bias were assessed, following the
instructions in the Cochrane Handbook for Systematic Reviews of Interventions'.
RevMan software (version 5.3; The Cochrane Collaboration)'® was used for the analysis.
Treatment effects were estimated by calculating the relative risk (RR) with 95% CI for

dichotomous variables, and the mean difference with 95% Cl for continuous variables.
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Studies were weighted by the inverse of the variance (IV) of the outcome. A random-
effects model was used for all analyses, as clinical heterogeneity was assumed to exist
because of differences in study methods (e.g., plate type) and outcome definitions (e.g.,

nonunion) across studies.

RESULTS

The search terms described above identified 301 references (Figure 1). A manual search
of reference lists yielded 4 additional references. After removal of duplicates, 131 articles
were screened for relevance on the basis of the title and abstract. Of the 11 articles that
were possibly eligible for inclusion, 5 were excluded because no full text was available (n
= 1), the article was in Portuguese (n = 1), the study was not an RCT (n = 2), and medial
and lateral fractures were included (n = 1). The remaining 6 studies were included in this

meta-analysis.

tudies identified throug!
database searching
{n=301)

Addmonal studes
identified through other
SOUTCEs (n=4)

Studies after duphcates
remaved (0= 131)

Studies screened on tite
and abstract (n = 131
( ) Studhies excluded (not )

relevant, n= 120)

Full 1ext studies assessed [Exchuded (n=5)
for ehgibility (n = 11) * No fuliext available (1)
= Asticle in Poruguese {1)
o* No RCT (2)

» Includes medial and
lateral (1)

synthesis
{n=8)

Figure 1. Flowchart of study selection.
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Study Characteristics and Quality

Five of the included studies were published between 2007 and 2015%7.1921; the remaining
RCT on 160 patients had been accepted for publication?’ at the time, and data were
available to the authors prior to its publication (Table 1). The 6 studies included a total of
614 patients (317 treated with plate fixation and 297 treated nonoperatively). One study
only included comminuted fractures and did not exclude open fractures?®, and 1 studied
a working population who had had labor-related accidents’'. The primary outcome was
nonunion in 2 studies'?? and the Constant and/or DASH scores in 2 other studies®”. In

the remaining 2 studies, the primary outcome was not explicitly defined.

Table 1. Characteristics of the included studies

No of No of Age % Operative Nonop.
Study patients patients crite-  Male intervention:  Interven-
randomi- analysed® ria (O/N) plate type® tion
zed (O/N) (O/N) (yr) (n)
CQTS, 132 111 16-60 78 LCDCP (44), Sling
20077 (67/65) (62/49) (85/69)  REC (15),
precontoured
(4), other (4)
Melean, 76 76 >18 Not 3.5mm LCP/ Sling 6
20152 (34/42) (34/42) stated locking REC wks
Mirzato- 60 50 18-65 82 3.5mm REC Sling and
looei, (29/31) (26/24) (77/88) elastic
20112 cotton
band
Robinson, 200 178 16-60 88 Locking Collar
2013 (95/105) (86/92) (87/88)  Clavicle Plate  and cuff
(Acumed)
Virtanen, 60 51 18-70 87 2.8mm REC Sling
2012° (28/32) (26/25) (86/88)
Woltz, 160 148 18-60 91 Precontoured  Sling 2
20177 (86/74) (83/65) (93/89)  (68), REC (2), wks
LCDCP (2),
unknown

(11
@ Number of patients analysed for the primary outcome measure (operative/nonoperative).
b LCDCP=limited contact dynamic compression plate, REC=reconstruction, and LCP=locking
compression plate.

=
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An overview of the estimated risk of bias for each study is presented in Figure 2. The
researchers were blinded when assessing functional outcomes in only 1 study (by letting
the patient wear a t-shirt)'®, and the primary outcome measurements could not be blinded
in any of the studies. In 2 studies, the numbers on which sample size calculations were
based were unclear’®?". Risk of “other” types of bias was judged to be presentin 1 study
because the exact rate of follow-up was not reported?!, and in 1 study because all patients
who were not included or declined participation in the study were treated nonoperatively,

which could have led to a selection bias'®.

Nonunion
Nonunion was defined as absence of cortical bridging of the bone on computed
tomography imaging in 2 studies'®?" and on radiographs in the other 4, after a period

ranging from 4 to 12 months. Six (1.9%) of 317 operatively treated patients developed a
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Figure 2. Risk of bias summary for included studies. “Happy face”= risk
of bias not present, “unhappy face” = risk of bias present, and “?” =
insufficient information to judge risk of bias.
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nonunion, compared with 49 (16.5%) of 297 nonoperatively treated patients (RR = 0.14,
95% Cl=0.061t00.32, p < 0.0001) (Figure 3).

The method for dealing with patients with a nonunion differed among the studies.
Overall, nonunion was treated with secondary plate fixation in 67% of the patients (n =
37), whereas the remaining one-third of patients with a nonunion did not receive further
treatment. Robinson et al. offered secondary plate fixation to all patients with fracture
nonunion after 6 months, and 13 of 16 consented'. In the Canadian Orthopaedic Trauma
Society (COTS) study, all patients who had a nonunion after 1 year of follow-up
underwent a secondary operation?. In the study by Melean et al,, all 4 patients with a
nonunion received secondary plate fixation, but the timing was not reported?’!. In the
study by Woltz et al., 5 patients with a nonunion were operated on within the study
follow-up period of 1 year, 5 others received surgery after >1 year, and 7 were
asymptomatic and chose to receive no further treatment??. In 2 studies, none of the
patients with a nonunion elected to receive the offered secondary surgical treatment, and
therefore could not be included in the analysis of this outcome®?. Overall, secondary
operations for nonunion occurred more often after nonoperative treatment than after
plate fixation (10.9% versus 1.3%, RR =0.14, 95% Cl = 0.05 t0 0.36, p < 0.0001).

Secondary Operations

Reports on whether secondary operations were performed, and on their details, varied
among studies. Mirzatolooei®® described 19 patients with a malunion, but did not state if
these patients underwent secondary operative treatment; it was noted that at least 1
patient did not. Indications for all secondary operations are presented per study in Table
2, p81. Secondary operations for adverse events occurred less frequently in the plate
fixation group than in the nonoperative treatment group (6.9% versus 16.2%, RR =0.42,
95% C1=0.25t00.71, p=0.001) (Figure 4). This would have been true even if all patients
with a malunion in the study by Mirzatolooei had received a secondary operation. The
overall rate of secondary operations (i.e., operations due to adverse events and implant
removal operations) did not differ significantly between the treatment groups (17.6% for
plate fixation versus 16.6% for nonoperative treatment, RR = 1.01, 95% Cl = 0.64 to
1.59, p = 0.97). Implant removal was performed frequently in four studies’'#2%.22,
Mirzatolooei® reported that some plates were removed, but did not state how many.

Virtanen et al.® did not mention elective plate removal operations.

=n—d
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Table 2. Numbers and reasons for secondary operations

Study Plate fixation Nonoperative treatment
COTS, 20077 2 nonunion 7 nonunion
1 implant failure 9 malunion
3 infection
5 plate removal
Melean, 20152 4 plate removal 4 nonunion
Mirzatolooei, 2011%° 1 implant failure -
1 infection
Robinson, 2013 1 nonunion 13 nonunion
1 implant failure 4 malunion
1 refracture

1 neurologic complication
2 fracture lateral to plate
10 plate removal

Virtanen, 20128 - 1 neurologic complication
Woltz, 201722 1 nonunion 9 nonunion
6 implant failure 1 neurologic complication
2 infection 1 malunion
14 plate removal 1 plate removal®
Total 56 50

@ One nonoperatively treated patient developed a nonunion and was treated with secondary plate
fixation after four months. At one year, plate removal was scheduled. This patient was analysed
in the nonoperative group following the intention to treat principle.

Functional Outcomes

Constant scores were measured after 1 year in all 6 studies, and DASH scores were
reported in 5 studies. One study only graphically presented Constant and DASH scores
and SDs, and we measured values by hand on the graphs’. The mean scores reported in
the 6 studies, however, may not reflect the final shoulder function for all patients, as some
studies also included the patients with a nonunion who were yet to receive surgery’”?? or
those who had received secondary plate fixation only a few months prior to analysis'>??.
Melean et al.?" did not state whether secondary plate fixation was performed before or
after the 1-year follow-up time point. When ignoring this information and including all
patients in the meta-analysis, the mean Constant score of the operatively treated patients
was 4.4 points (95% Cl = 0.9 to 7.9 points, p = 0.01) higher than that of the
nonoperatively treated patients (Figure 5). The mean difference in DASH scores at 1 year

after trauma was 5.1 points (95% Cl = 0.1 to 10.1 points, p = 0.05) in favour of plate
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fixation (Figure 6, p80). Robinson et al.'® reported that the difference in functional scores
between groups ceased to be significant when considering the united fractures only:
mean Constant scores for plate fixation and nonoperative treatment were 89.4 and 82.5,
and mean DASH scores were 4.8 and 3.2, respectively (SDs not reported). Woltz et al.?
reported that the patients with a nonunion who were yet to receive surgery had a lower
functional score than the patients with a united fracture: mean Constant scores were 86.2
(SD=11.7)and 96.3 (SD =6.7) (p =0.01), and mean DASH scores were 14.7 (SD = 14.6)
and 3.3 (SD =6.1) (p = 0.005), respectively.

DISCUSSION

This meta-analysis of 6 RCTs that evaluated a total of 614 patients shows that plate
fixation significantly reduced the rate of nonunion of displaced midshaft clavicular
fractures to 2% compared with 16% for nonoperative treatment. Plate fixation resulted
in somewhat better DASH and Constant scores, but the clinical relevance of this difference
is unclear. Also, approximately 17% of the patients in each group had a secondary
operation after the initial treatment.

Overall, approximately two-thirds of the patients with nonunion elected to undergo
secondary fixation, whereas one-third did not receive any further treatment. In the 2
studies in which all patients with a nonunion received secondary fixation, it was not stated
whether all of these patients had symptoms and deliberately opted for surgery, or whether
this was the physicians’ standard treatment choice”?". In light of the current trend toward
shared decision-making, it is important to thoroughly explain the treatment options and
inquire about the patient’s preferences in case of nonunion, as it is clear that not all
nonunions require operative treatment. Also, secondary surgery for nonunion should be
considered earlier than after 9 to 12 months, to minimize delay in recovery for those
patients.

Secondary operations were performed in approximately 17% of patients in each group.
However, in the majority of patients in the operative group (33 of 56), this was a plate
removal operation, which generally is technically simpler, imposes less risk of
complications, and has a shorter rehabilitation time than other operations such as
secondary plate fixation with bone-grafting. Excluding these plate removal operations,

secondary operations occurred more often in the nonoperative group (16.2%) than in the



operative group (6.9%, p = 0.001). It is conspicuous, however, that the 3 largest
studies”'®?? reported much higher percentages of patients with secondary operations
than the 3 smaller studies®?%?!, in which, for instance, only 1 infection and 1 implant
failure requiring a secondary operation appeared to have occurred. This discrepancy may
be the result of either underreporting or coincidence due to the small study samples.
After 1 year, Constant and DASH scores were significantly better after plate fixation than
after nonoperative treatment. However, the mean differences were only 4.4 (95% Cl =
0.91t07.9)and 5.1 (95% Cl=0.1to 10.1) points, respectively, which are less than the 10
to 15 points generally regarded as the minimal difference to be clinically relevant?2¢. The
implications of the difference in scores for daily practice are therefore limited. Also,
patients with a symptomatic nonunion who were yet to receive a secondary operation
were included in these mean scores, which probably influenced the results to the
detriment of the nonoperative group. When analyzing united fractures only, as Robinson
et al.” did, there was no longer a functional difference between the groups after 1 year.
This implies that nonoperative treatment itself is not associated with functional
impairment, but symptomatic nonunion is.

An early functional benefit is generally regarded as a well-established advantage of
operative treatment. Three of the 5 studies that evaluated early functional outcomes
reported such a difference’-'%?", but it was measured in various ways (e.g., time to return
to work, functional scores) and at different time points (6 weeks and 3 months), so no
pooled analysis could be performed. However, short-term differences should be discussed
with the patient when choosing the best treatment.

Limitations of this meta-analysis are partly inherent to the design: the quality of our
conclusions can only be as good as that of the included studies, and although only Level-
| RCTs were included to optimize the quality of the data, there was a considerable risk of
bias in all studies.

In addition, the included studies used different plate types and plate positions, which
could have influenced implant failure and removal rates and may have been a source of
clinical heterogeneity. Unfortunately, plate location and plate type could not be related
to complications on the basis of the information provided in the articles. The way in which
patients with a nonunion were identified and treated also differed among the studies, as

did the timing of secondary operations.
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We did not evaluate other operative techniques such as pin fixation in this meta-analysis.
This was a deliberate choice for reasons previously discussed. A Bayesian network meta-
analysis showed lower nonunion rates after pin fixation than after nonoperative
treatment, and lower infection rates after pin fixation than after plate fixation, but that
study did not address arm function or secondary operations'!. A recent meta-analysis
comparing plate and pin fixation, found no differences regarding nonunions, infections,
and reoperations?’. Another surgical alternative is minimally invasive plate fixation, which
is thought to reduce both the interference with the blood supply to the bone that
promotes healing and the infection risk by minimizing skin incision. Both pin fixation and
minimally invasive plate fixation are good treatment alternatives, provided that the
surgeon is experienced in these technigues®.

Overall, plate fixation offers clear advantages but also has considerable drawbacks. It is a
good option for patients who demand quick recovery and optimal arm function, and for
patients with risk factors for nonunion such as large displacement, comminution, and
smoking?®®. For less active patients and in case of relatively favourable fracture
characteristics, however, the risks and benefits must be weighed differently and

nonoperative treatment appears to be the better option.

In conclusion, this meta-analysis shows that plate fixation dramatically reduces nonunion
rates but does not appear to offer a clinically relevant advantage in terms of final
functional outcome. Secondary operations are common, regardless of the initial
treatment. One-third of the patients with a nonunion did not opt for further treatment.
For daily clinical practice, we do not advocate routine plate fixation for all patients, but
rather an individualized treatment based on shared decision-making, guided by the

presence of risk factors for nonunion and patients’ values and preferences.



REFERENCES

1. Nowak J, Holgersson M, Larsson S. Can we predict long-term sequelae after fractures of the clavicle
based on initial findings? A prospective study with nine to ten years of follow-up. J Shoulder Elbow
Surg. 2004;13(5):479-86.

2. Hill JM, McGuire MH, Crosby LA. Closed treatment of displaced middle-third fractures of the
clavicle gives poor results. J Bone Joint Surg Br. 1997;79 (4):537-9.

3. Llenza M, Belloti JC, Andriolo RB, Faloppa F. Conservative interventions for treating middle third
clavicle fractures in adolescents and adults. Cochrane Database Syst Rev. 2014,5(5):CD007121.

4. Leroux T, Wasserstein D, Henry P, Khoshbin A, Dwyer T, Ogilvie-Harris D, Mahomed N, Veillette
C. Rate of and risk factors for reoperations after open reduction and internal fixation of midshaft
clavicle fractures: a population-based study in Ontario, Canada. J Bone Joint Surg Am.
2014,96(13):1119-25.

5. Lenza M, Faloppa F. Surgical interventions for treating acute fractures or nonunion of the middle
third of the clavicle. Cochrane Database Syst Rev. 2015;5:CD007428.

6. Virtanen KJ, Remes V, Pajarinen J, Savolainen V, Bjorkenheim JM, Paavola M. Sling compared with
plate osteosynthesis for treatment of displaced midshaft clavicular fractures: a randomized clinical
trial. J Bone Joint Surg Am. 2012;94 (17):1546-53.

7. Canadian Orthopaedic Trauma Society. Nonoperative treatment compared with plate fixation of
displaced midshaft clavicular fractures. a multicenter, randomized clinical trial. J Bone Joint Surg Am.
2007,89(1):1-10.

8. Duan X, Zhong G, Cen S, Huang F, Xiang Z. Plating versus intramedullary pin or conservative
treatment for midshaft fracture of clavicle: a meta-analysis of randomized controlled trials. J Shoulder
Elbow Surg. 2011;20(6):1008-15.

9. Kong L, Zhang Y, Shen Y. Operative versus nonoperative treatment for displaced midshaft
clavicular fractures: a meta-analysis of randomized clinical trials. Arch Orthop Trauma Surg.
2014;134(11):1493-500.

10. McKee RC, Whelan DB, Schemitsch EH, McKee MD. Operative versus nonoperative care of
displaced midshaft clavicular fractures: a meta-analysis of randomized clinical trials. J Bone Joint Surg
Am. 2012;94(8).675-84.

11. Wang J, Meng XH, Guo ZM, Wu YH, Zhao JG. Interventions for treating displaced midshaft
clavicular fractures: a Bayesian network meta-analysis of randomized controlled trials. Medicine
(Baltimore). 2015;94(11):e595.

12. Xu CP, Li X, Cui Z, Diao XC, Yu B. Should displaced midshaft clavicular fractures be treated
surgically? A meta-analysis based on current evidence. Eur J Orthop Surg Traumatol. 2013;23(6):621-
9.



Plate fixation versus nonoperative treatment, a meta-analysis

13. Xu J, Xu L, Xu W, Gu Y, Xu J. Operative versus nonoperative treatment in the management of
midshaft clavicular fractures: a meta-analysis of randomized controlled trials. J Shoulder Elbow Surg.
2014,23(2):173-81.

14. Devji T, Kleinlugtenbelt Y, Evaniew N, Ristevski B, Khoudigian S, Bhandari M. Operative versus
nonoperative interventions for common fractures of the clavicle: a meta-analysis of randomized
controlled trials. CMAJ Open. 2015;3(4): E396-405.

15. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. 2009;6(7):e1000097.

16. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gatzsche PC, loannidis JP, Clarke M, Devereaux PJ,
Kleijnen J, Moher D. The PRISMA statement for reporting systematic reviews and meta-analyses of
studies that evaluate health care interventions: explanation and elaboration. PLoS Med.
2009,6(7):1000100.

17. Higgins JPT, Green S. Cochrane handbook for systematic reviews of interventions. 2011.
http:/Amww.handbook.cochrane.org. Accessed 2017 Feb 24.

18. The Cochrane Collaboration. Review Manager (RevMan). 5.3 ed. Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration; 2014.

19. Robinson CM, Goudie EB, Murray IR, Jenkins PJ, Ahktar MA, Read EO, Foster CJ, Clark K,
Brooksbank AJ, Arthur A, Crowther MA, Packham |, Chesser TJ. Open reduction and plate fixation
versus nonoperative treatment for displaced midshaft clavicular fractures: a multicenter, randomized,
controlled trial. J Bone Joint Surg Am. 2013;95(17):1576-84.

20. Mirzatolooei F. Comparison between operative and nonoperative treatment methods in the
management of comminuted fractures of the clavicle. Acta Orthop Traumatol Turc. 2011;45(1):34-
40.

21. Melean PA, Zuniga A, Marsalli M, Fritis NA, Cook ER, Zilleruelo M, Alvarez C. Surgical treatment
of displaced middle-third clavicular fractures: a prospective, randomized trial in a working
compensation population. J Shoulder Elbow Surg. 2015;24(4):587-92.

22. Woltz S, Stegeman SA, Krijnen P, van Dijkman BA, van Thiel TP, Schep NW, de Rijcke PA, Frolke
JP, Schipper IB. Plate fixation compared with nonoperative treatment for displaced midshaft clavicular
fractures: a multicenter randomized controlled trial. J Bone Joint Surg Am. 2017,99(2):106-12.

23. Schemitsch LA, Schemitsch EH, Veillette C, Zdero R, McKee MD. Function plateaus by one year
in patients with surgically treated displaced midshaft clavicle fractures. Clin Orthop Relat Res.
2011,469(12):3351-5.

24. Holmgren T, Oberg B, Adolfsson L, Bjornsson Hallgren H, Johansson K. Minimal important
changes in the Constant-Murley score in patients with subacromial pain. J Shoulder Elbow Surg.
2014,23(8):1083-90.



25. Kukkonen J, Kauko T, Vahlberg T, Joukainen A, Adrimaa V. Investigating minimal clinically
important difference for Constant score in patients undergoing rotator cuff surgery. J Shoulder Elbow
Surg. 2013;22(12):1650-5.

26. van Kampen DA, Willems WJ, van Beers LW, Castelein, RM; Scholtes, VA, Terwee, CB.
Determination and comparison of the smallest detectable change (SDC) and the minimal important
change (MIC) of four-shoulder patient-reported outcome measures (PROMs). J Orthop Surg Res.
2013,;8:40.

27. Houwert RM, Smeeing DP, Ahmed Ali U, Hietbrink F, Kruyt MC, van der Meijden OA. Plate
fixation or intramedullary fixation for midshaft clavicle fractures: a systematic review and meta-
analysis of randomized controlled trials and observational studies. J Shoulder Elbow Surg.
2016;25(7):1195-203.

28. Clement ND, Goudie EB, Brooksbank AJ, Chesser TJ, Robinson CM. Smoking status and the
Disabilities of the Arm Shoulder and Hand score are early predictors of symptomatic nonunion of
displaced midshaft fractures of the clavicle. Bone Joint J. 2016,;98-B(1):125-30.

29. Murray IR, Foster CJ, Eros A, Robinson CM. Risk factors for nonunion after nonoperative
treatment of displaced midshaft fractures of the clavicle. J Bone Joint Surg Am. 2013;95(13):1153-
8.



nnl.]n.f I"""""H;-Iur-| Iﬁ-prr{
e "I""'r "-l”lﬁ‘l"c'\tpvl'llur *Iiﬂ
z nﬂ'-‘ lrr-l' gl P ...ﬂ'r. ""-"AJ
e e nph“h].{ LTI el S0t

'”'"‘I. Itere c‘l-"'"!"fﬂrl']' il
e l.r"l-J

et TR

- P
|

N = Y L-r.-l ni\‘-prt ah:'l‘] '.ur_ "'“’"'J'ﬁ b

- :“:EIE_. : " -ntﬂ'r: 'i”"’l T .."--1-] ';g—l i

> 5 ﬁ"]‘“ﬁ* -"rw-rr-.p-.ﬂ.,A
! L] AI: ll-"'"‘"“'rr lﬁ'r "“‘-E 'Irl *'l-"]
| e mdgei] shor volts ol —emeng §
-'h-ln-.i'ul' Ll "““.‘I] .ﬂ.‘”ﬂi I"f "
rT-.-.- e )‘J'“ s an‘“ a4

l

-\‘-"I" ﬂ's"[‘, -n-r.{...-, %""I"h

F5 .4"‘1

l'rlg

e =
-""r Ll
- “n"m 4’.‘4;--( 'bNII'.E*I"HI‘J l’
-ib ,r*-hJ ;#,Fn " a-”'af-l'; 3
Y n-rl' H""“!-l'f-ﬁ o aw]nnT |

| l‘ﬁ'ﬁ--‘n‘vl oy Jl?‘n” 'Ll.f nhw

rll ‘-'H'l 3 s ﬂ-‘lﬂ;
hl‘rflrr;’f -
1“ Hija mm- >

!'I'-I'I' ﬂhrrﬂi

'“‘j """"/ A sarida da

A ‘E" R AR
af i AP ?"“"“I

e ESS ) e dee R
-_,-,-._A mriﬂrﬂt - .rﬁ :'-... N ’ !
" / " ﬂls ”iﬂr-mg]i !:EJ'J:' ! :

it g iy B ;
e 3 waic] ) ) ud-..lfa-‘m.-_J I~ -1-:-. “ e o r‘

] e Cad WY ol Ve "ql-) Tl'" wf plhg s g .-..,..1-!"... A of A
1 X il wiemib= ffap "'T"r-""!un;.-.l. *i ke rl ,.,]m ."r:”
MNalle i an

B



CHAPTER O

< 4

Mid-term patient satisfaction and
residual symptoms after plate fixation or
nonoperative treatment for displaced

midshaft clavicular fractures

Sarah Woltz
Pieta Krijnen

Inger B. Schipper

Submitted



Mid-term patient satisfaction and symptoms

ABSTRACT

Background
To evaluate mid-term patient-reported satisfaction and residual symptoms after plate

fixation (PF) and nonoperative treatment (NOT) for displaced midshaft clavicular fractures.

Patients and methods

One hundred and sixty adult patients with a fully displaced, midshaft clavicular fracture
who had been included in a multicenter randomized controlled trial comparing PF and
NOT, were interviewed for a mid-term follow-up survey. Outcomes were satisfaction with
the received treatment, with the cosmetic result and with the shoulder function (on a

scale of 1 to 10), and presence of residual symptoms.

Results

Seventy-nine patients (40 after PF, 39 after NOT) could be contacted and agreed to
participate. The median follow-up was 53 months (range 34 -79). Overall satisfaction was
similar for PF and NOT (mean+SD: 7.7+2.1 vs 6.9+2.4, p=0.12), as was satisfaction with
the shoulder function (8.9+1.6 vs 8.4+2.0, p=0.27). Satisfaction with the cosmetic result
was higher after PF (8.2+1.6 vs 6.8+2.0, p=0.002). Less than half of the patients felt that
their shoulder had fully recovered (48% for PF vs 46% for NOT, p=1) and residual
symptoms were frequently present in both groups (55% for PF vs 41% for NOT, p=0.26).
After PF, 88% of patients would prefer the same treatment again, compared with 41%

after NOT (p<0.001).

Conclusion

Aspects of satisfaction seem higher after plate fixation. Residual symptoms, however,
were common after both treatments for displaced midshaft clavicular fractures. The
present results can be used to manage patients’ expectations and provide objective
information regarding both treatment options before a shared treatment decision is

made.
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INTRODUCTION

Most research comparing plate fixation and nonoperative treatment for displaced
midshaft clavicular fractures focuses primarily on objective short-term outcomes such as
nonunion, complications and arm function scores. Results show that both treatment
strategies have specific risks and benefits: plate fixation significantly reduces nonunion
and results in earlier functional recovery, while final shoulder function scores are equally
good. Also, complications and reoperations after plate fixation are common'.

In the absence of a hard operation indication (i.e., open fracture, compromised skin,
neurovascular injury), treatment therefore should be individualized, based on patient- and
fracture-related characteristics such as risk factors for nonunion and other complications,
but also on patient’s goals and preferences. Subjective outcomes such as satisfaction and
patient-reported sequelae, could also be relevant when weighing the treatment options
together with the patient. Subjective outcomes of clavicular fracture treatment, however,
have been evaluated to a much lesser extent than objectively determined clinical results.
Although some studies reported higher satisfaction after plate fixation than after
nonoperative treatment>’, others have found no difference’*# The presence of residual
symptoms has been reported primarily after nonoperative treatment>'®, but is rarely

mentioned in comparative studies’.

Recently, our study group published a randomized controlled trial comparing plate
fixation with nonoperative treatment in 160 patients with a fully displaced midshaft
clavicular fracture. Nonunion rates were significantly higher in the nonoperatively
treated group at one year follow-up, but functional outcome scores, pain, general health
status and secondary operation rate were similar. Satisfaction with the cosmetic result
seemed in favor of plate fixation. These results, however, were measured after just one
year, and other subjective outcomes were not studied.

The present study evaluated the original study group, aiming to compare plate fixation
and nonoperative treatment with respect to different aspects of mid-term satisfaction and

patient-reported residual symptoms and limitations.



Mid-term patient satisfaction and symptoms

PATIENTS AND METHODS

Setting and design

The patients in the current study had participated in a multicenter, prospective study that
randomized 160 patients between 18 and 60 years old with a midshaft clavicular fracture
that was at least 1 shaft width displaced (Robinson 2B1 and 2B2), between open
reduction and plate fixation (n=86) and nonoperative treatment with a sling (n=74)
between 2010 and 2013"". A total of 154 patients had completed one-year follow-up
(148 for the primary outcome radiologic nonunion). The original randomized controlled
trial (RCT) had been approved by the institutional ethics review committee of each
participating hospital and all patients had provided written informed consent to
participate in the trial including a follow-up by telephone. Between October 2016 and
February 2017, all patients of the original study group were contacted by telephone for a
mid-term follow-up survey (see Appendix 3, p167, for full survey). Several attempts were

undertaken to reach as many patients as possible.

Outcome measures

Different aspects of satisfaction were evaluated: overall satisfaction with the received
treatment, satisfaction with the cosmetic result and satisfaction with the function of the
shoulder. All three aspects were measured on a 10-point scale ranging from 1 (completely
dissatisfied) to 10 (completely satisfied).

Residual symptoms were recorded (yes or no) including the character (pain, weakness,
stiffness, tingling sensation or other) and frequency (daily, weekly, monthly or less than
once a month). The perceived impact of the symptoms ("How bad are these complaints
for you?’) was measured on a scale of 1 (no impact) to 10 (large impact). It was also asked
if the patients presently experienced any limitations in daily life activities compared to the
situation before the fracture, and whether they felt the shoulder had completely
recovered.

Then, the patients were asked if they would opt for the same treatment if they would
fracture their other clavicle in the future, and why (not). Finally, the patients were asked
if they had any additional comments. The presence and type of complications and

reoperations that had occurred after one year of trial follow-up were also documented.
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Chapter 6

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics for Windows, version 20.0
(IBM Corp., Armonk, N.Y., USA). Differences in percentages between the groups were
analysed using the Pearson Chi-Square test. Differences in satisfaction scores were
analysed using the independent samples t-test. Differences between groups were
regarded significant if the p-value was < 0.05. All patients were analysed in the treatment

group they were originally randomized for following the intention-to-treat principle.

RESULTS

Patients and baseline characteristics

Seventy-nine patients of the original study group (49%; 40 in the PF group and 39 in the
NOT group) were reached and answered the questions after a median follow-up of 53
months (range 34 -79) since the start of the initial treatment (Table 1). The remaining
51% of the original study group could not be reached by telephone despite several
attempts.

Regarding age and gender, the included patients were representative of the original study
group. A total of 17/79 patients received 22 secondary operations since the initial

treatment (Table 1). Two of these occurred after the 1 year follow-up moment (one

Table 1. Baseline characteristics of the included patients

Plate fixation Nonoperative
(n=40) treatment (n=39)
Median age (range) 46 (22 - 65) 45 (23 - 64)
Male, n (%) 36 (90) (90)
Median follow up, months (range) 52 (34-79) 55 (35-76)
Secondary operations, n (%) 13(32.5) 9(23.1)
Nonunion 1(2.5) 7(17.9)
Plate failure 1(2.5) 1(2.6)
Refracture 1(2.5) 0
Plate removal 9(22.5) 1(2.6)
Other 1(2.5) 0

@A total of 22 secondary operations in 17 (21.5%) patients were performed since initial treatment.
Two secondary operations were performed after the one-year follow-up moment: one elective
plate removal and one re-plate fixation after failure of a plate fixation that was performed in a
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