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POPULAR SCIENCE SUMMARY OF THE THESIS

This thesis is about the treatment of common shoulder fractures, especially in the
elderly. The main focus is on a surgical procedure with shoulder joint replacement to

repair these fractures. The thesis includes four main studies:

Studly I: A Nordic registry study found that infections are the most common cause of a
second surgery (revision) for reverse total shoulder arthroplasty (rTSA) and that
patients younger than 75 years are at higher risk for revision. Survival rates for shoulder
hemiarthroplasty (SHA) were worse in younger patients than in older.

Studly II: A validation of the Western Ontario Osteoarthritis of the Shoulder Index
(WOOS) for proximal humerus fractures treated with shoulder joint replacement
surgery. WOOS is used in the Swedish Shoulder Registry as a 19-question questionnaire
to assess how the patient is doing in relation to: physical symptoms, sports/activities,
work, lifestyle, and feelings. The study advocates the use of WOOS to assess this

fracture treated with joint replacement surgery.

Studly lll: A randomized controlled trial compared the results of two different types of
shoulder joint replacement, reverse total shoulder arthroplasty (rTSA) and
hemiarthroplasty (SHA) for 3- and 4-part proximal humeral fractures in elderly patients.
Results showed that patients treated with rTSA had better shoulder function and higher

patient satisfaction. Adverse events were limited and similar in both groups.

Studly IV:The aim of this study was to assess the validity of the national
recommendation for surgery within two weeks after proximal humerus fractures with
shoulder joint replacement. We found that surgery after two weeks had a negative
impact on patient outcomes and that the best results were obtained when surgery was
performed between six and ten days after fracture.

In conclusion, these studies provide valuable insight into treatment options and
outcomes for proximal humerus fractures, with implications for improving patient care

and decision making in clinical practice.



Svensk populérvetenskaplig sammanfattning

Syftet med denna avhandling r att studera olika behandlingar av vanligt férekommande
axelfrakturer i &verarmen, sérskilt forekommande hos aldre ménniskor. Avhandlingens
huvudsakliga fokus &r av kirurgisk karaktér, med axelledsbyte (axelprotes) som kirurgisk

atgard av dessa frakturer. Avhandlingen omfattar fyra delarbeten:

Studlie I Ar ett samarbete mellan de nordiska skulderregistren. Denna studie visar att
infektion var den vanligaste orsaken till en andra operation (utbytesoperation) efter
foérsta ingreppet med en sé kallad omvéand total axelledsplastik (rTSA). Studien visade att
patienter yngre an 75 ar hade en hogre risk for en andra operation. For de patienter som
fick en anatomisk halvprotes (SHA) vid operation, s var éverlevnaden sémre fér de

yngre jamfért med de aldre patienterna.

Studlie II: Ar en valideringsstudie av ett bedémningsinstrument fér proximala
humerusfrakturer som behandlades med axelledsbyte dar bedémningsinstrument tar
hansyn till mer an ren axelfunktion, s& som patientens mentala och fysiska valméaende.
Detta instrument, Western Ontario Osteoarthritis of the Shoulder Index (WOOS),
anvands i det svenska axelregistret som en enkat med 19 fragor for att utvardera hur
patienten mar med avseende pa fysiska symtom, idrott/aktiviteter, arbete, livsstil och
kanslor. Denna studie stddde en fortsatt anvandning av WOOS fér att bedéma proximala

humerus frakturer.

Studiie lll: En randomiserad kontrollerad studie som jamférde resultaten av tva olika
typer av axelledsbyten hos éldre patienter dar &ndan av éverarmsbenet mot axeln ar
kluven i tre eller fyra bitar. De tva axelledsbytena & omvand total axelledsplastik (rTSA)
och axelhemiartrplastik (SHA) fér proximala humerusfrakturer. Vi kom fram till att
patienter som behandlats med rTSA hade en béattre axelfunktion och stérre

patienttillfredsstallelse. Bdda behandlingsformerna hade f& negativa handelser.

Studie /V: Mélet var att beddma aktualiteten hos den nationella rekommendationen att
operation med proteskirurgi av proximala humerus frakturer bor ske inom tva veckor
fran skadetillfallet. Vi kom fram till att operationer som utférdes senare an tva veckor
hade sdmre resultat. De béasta resultaten var om operationen utférdes mellan 6 och 10

dagar efter frakturdatum och bekréaftar den nuvarande rekommendationen.

Sammanfattningsvis ger denna avhandling vardefulla insikter om behandlingen och
resultat inom proximala humerusfrakturoperationer med axelledsproteser, med syftet

att forbattra varden av patienter med denna typ av skada som behéver operation.



Abstract

Introduction

Proximal humerus fractures are a common injury, particularly in the elderly and
especially in women. The preferred treatment approach is usually nonsurgical, with
surgery reserved for cases that meet specific fracture patterns and patient-specific

criteria.

The aim of this thesis was to study the use of arthroplasty as a treatment option for

proximal humeral fractures.

Study I: Revision after shoulder replacement for acute fracture of the
proximal humerus. A Nordic registry-based study of 6,756 cases

The aim was to investigate revision rates and reasons for revision after shoulder
arthroplasty for acute fractures of the proximal humerus.

Common data sets were collected from the Danish, Norwegian, and Swedish registries
which conducted shoulder arthroplasty after acute fractures.

The number and proportion of reverse total shoulder arthroplasties (rTSA) performed
during the study period increased steadily. Of the 222 arthroplasties revised between
2004 and 2013, infection was the most common reason. The relative risk of revision due
to infection was higher for rTSA than for shoulder hemiarthroplasties (SHA). In addition,
patients younger than 75 years had a higher relative risk of revision, and survival with
SHA was worse in younger patients than in older patients.

Conclusion: Both SHA and rTSA have similar survival rates. However, the factors leading
to a revision decision are not fully known, and reported survival rates may not reflect
patients’ functional outcomes. Patients with acute fractures often have comorbidities
and are less amenable to revision surgery. Inclusion of patient reports in the data set
would provide important information. The risk of infection was higher after rTSA than
after SHA, and differences in revision rates between systematic reviews and national
registries may be due to inclusion criteria. Comparisons between SHA and rTSA should
be made with caution.



Study Il: Western Ontario Osteoarthritis of the Shoulder Index (WOOS)
- a validation for use in proximal humerus fractures treated with

arthroplasty.

The objective was to validate the Western Ontario Osteoarthritis of the Shoulder Index
(WOOS) as a patient-reported outcome measures (PROM) for use in proximal humeral

fractures treated with arthroplasty.

Patients from Swedish Shoulder Arthroplasty registry (SSAR) who underwent surgery
after PHF with SHA and had surgery Karolinska hospital and Danderyd hospital were
selected. Those who accepted performed shoulder-specific PROM and WOOS retest,
and the necessary clinical examinations, Constant score (CS) and American shoulder

and elbow Society (ASES), were performed at Danderyd Hospital.

The validity of the WOOS has excellent correlation with all shoulder-specific scores and
good correlation with EQ -5D. Test-retest reliability of WOOS overall and in subgroups
also shows excellent correlation. Cronbach's alpha supports the construct of WOOS, and

no floor or ceiling effects were observed.

Conclusion: WOOS is a reliable tool for assessing patients with SHA after PHF. Our study
supports the continued use of WOOS in SSAR and further studies with WOOS and
arthroplasty after proximal humerus fractures.

Study lll: Reverse total shoulder arthroplasty provides better shoulder
function than hemiarthroplasty for displaced 3- and 4-part proximal
humeral fractures in patients aged 70 years or older: a multicenter

randomized controlled trial.

The aim was to compare the outcomes of 3—4-part fractures of the proximal humerus
treated with reverse total shoulder arthroplasty (rTSA) and hemiarthroplasty (SHA) in

patients aged >70 years in a multicenter randomized controlled trial.

An RCT multicenter study was conducted, and eight hospitals recruited patients for the

study.

The rTSA group had a higher mean Constant score (58.7) compared with SHA (47.7), with
a mean difference of 11.1 points (95% Cl, 3.0-18.9). Patients who underwent rTSA
reported greater satisfaction with their shoulders on average and had better range of
motion. However, no differences were noted in WOOS, EQ -5D or pain at VAS. We noted

three adverse events in the rTSA group and four in the SHA group.



Conclusion: Our study showed that the rTSA group had better shoulder function as
measured by the Constant score compared with SHA. This could explain why rTSA
patients were more satisfied with their shoulder function. The main difference could be

explained by a better range of motion in the rTSA group.

Study IV: Timing of surgery for proximal humeral fracture treated with
shoulder hemiarthroplasty, best results with surgery within 2 weeks.

The aim was to evaluate the validity of the national recommendation “surgery with
arthroplasty within 2 weeks" by investigating the timing to surgery in patients operated

on with shoulder arthroplasty after proximal humerus fractures.

Data was collected from SSAR. In addition, the date of fracture was collected from the

hospitals that could provide that information.

Preoperative delay had a negative impact on WOOS, EQ -5D, and patient satisfaction
scores. The best outcomes, as measured by the WOOS score at a follow-up of at least 1
year, were observed when surgery was performed within 6-10 days of the reported

fracture date. A delay of more than 10 days was associated with a worse outcome.

Conclusion: The current recommendation in Sweden to perform shoulder

hemiarthroplasty within two weeks after proximal humerus fracture is considered valid.
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1 INTRODUCTION

11  Epidemiology

Proximal humerus fracture (PHF) is the third most common fracture and accounts for 4-
6% of all fractures per year, with the highest incidence in Sweden in December-February
(1-1) Figure 1. Up to age 50, the incidence rate is aimost equal in men and women, after
which women are more susceptible to this injury with a ratio of 4:1(3/4) Figure 2. The
severity of the fracture pattern and additional fractures on the same side increase with
age and the severity of the trauma (10,12,13).

Swedish fracture incidence per 100'000, 2011-2021
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Figure 1. The average incidence of fractures per 100,000 people in Sweden during 2011-
2021 for in- and outpatients aged 45 years and older. The y-axis shows incidence, while
the x-axis shows diagnoses in order of ascending incidence. The ICD-10 code
represents SO2 Fracture of skull and face, S12 Fracture of cervical spine and bones, S22
Fracture of ribs, sternum, and thoracic spine, S32 Fracture of lumbar spine and pelvis,
S42 fracture of shoulder and upper arm, S52 fracture of forearm, S62 fracture of wrist
and hand, S72 fracture of thigh, S82 fracture of lower leg including ankle, and S92
fracture of foot without ankle, data was collected from the National Board of Health and
Welfare's National Patient Register 4th of September 2023.
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Figure 2. Data from 2011-2022. The y-axis shows the average incidence for in- and
outpatients with shoulder fractures per 100,000 population per year in Sweden. The x-
axis shows the age of the individuals who suffered the fractures. We observe a bimodal
incidence with a peak at younger ages and a second peak starting at age 50 years in
women and over 70 years in men, data was collected from the National Board of Health
and Welfare's National Patient Register 4th of September 2023.

In general, the main cause of PHF is low-energy falls in an elderly osteoporotic
population, Figure 3, which may explain why the incidence rate is higher in women over
50 years of age and in northern countries (10,12). It is important for physicians to
evaluate patients for osteoporosis and establish an individualized treatment plan to
reduce the risk of fractures related to trauma as well as atypical fractures related to
treatment. (The evaluation and treatment of osteoporosis is outside the scope of this
thesis and will not be discussed further) (13,14).
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Figure 3. incidence of humerus fractures (ICD-10, S.42) for in- and outpatients in the
Swedish population . The y-axis is the incidence of fractures of the upper shoulder per
100,000 per year in Sweden. The x-axis is the age of the person who had the fracture.
The incidence has remained almost the same from 2011 to 2022. We have a bimodal
incidence, one at a younger age and a second from the age of 50 when both sexes are
included, data was collected from the National Board of Health and Welfare's National
Patient Register 4th of September 2023.

The standardized all-cause mortality rate (SMR) within 30 days of trauma is 7-fold and,
the SMR within 1year is twice that in the general population. In elderly patients with
severe disease, the mortality rate within the first year after a PHF is 40%, regardless of
the severity of the fracture, whereas the same fracture in a healthy elderly person is 8%
(15). A study from the Swedish Fracture Registry included a total of 18,452 patients
between 2011 and 2017. Bergdahl et al. described a higher mortality rate compared with
the general population in patients who had sustained a low-energy proximal humerus
fracture. Increasing age and male sex were identified as risk factors for higher mortality.
The study aimed to raise awareness of frailty in these patients (16). In addition,
individuals who relied on a cane had at least a one-level increase in the Charlson
comorbidity index (CCl) (17) one year after trauma, especially if they relied on walkers

(18).

PHF in the young population is usually the result of high-energy trauma and is slightly
more common in men (1-7), Figure 1and 3.



12 Anatomy

This thesis focuses specifically on the glenohumeral joint and in particular the proximal
humerus. The attachments in the glenohumeral joint include the capsule with the
glenohumeral ligaments and the rotator cuff, which provide stability and motion. The
rotator cuff consists of four major muscles: Teres minor, infraspinatus, supraspinatus

and subscapularis (TISS).

The rotator cuff tendons form elevations on the proximal humerus, namely the lesser
tuberosity for the subscapularis muscle and the greater tuberosity for the supraspinatus
(upper part), infraspinatus and teres minor (dorsolateral part) muscles. Depending on
their position, these tendons have different functions. The suprascapular nerve
innervates the supraspinatus muscle and the infraspinatus muscle, while the superior
subscapular nerve innervates the upper part of the subscapular muscle, and the inferior
subscapular nerve innervates the lower part of the subscapular muscle and the teres

minor muscle.

The deltoid and pectoralis major muscles attach to the shaft of the humerus and are

critical to understanding the fracture pattern in the proximal humerus.

Important neural structures in the shoulder include the axillary nerve (which innervates
the deltoid muscle) and the continuation of the nerve plexus, which forms the three
major nerves of the upper extremity: Radial, Ulnar, and Median nerves. In this
neurovascular bundle you will also find the main artery of the upper extremity, the

axillary artery.

The anterior and posterior circumflex humeral arteries are the main blood vessels
supplying the proximal humerus, while the arcuate arteries, especially the posterior one,
are responsible for supplying blood to the humeral head, Figure 4A (19) and 4B (20). The
blood supply through the rotator cuff also contributes to this process. An intact
periosteum is also important for proper healing of fractures in the proximal humerus.
However, with increasing age and the development of risk factors for atherosclerosis,

the blood supply to the humerus tends to decrease.
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Figure 4. The circulation to the proximal humerus. The circumflex artery comes from the
axillary artery. The main branch for circulation to the humeral head comes from the
posterior circumflex artery. A. shows the posterior, anterior and ascending branch from
the circumflex artery (Reprint with permission Elsevier Ltd.). B. Blue coloring of the
anterior humeral circumflex artery, which is intimately adherent to the humeral head. AL
Branch = anterolateral branch of the anterior humeral circumflex artery (Reprint with
permission Wolters Kluwer Health, Inc).

Numerous studies have been conducted to gain a better understanding of the risk

factors for avascular necrosis (AVN) after proximal humerus fractures (PHF) (20-24),
Figure 5.

A comprehensive understanding of the normal physiology and anatomy of the
glenohumeral joint is critical to understanding the fracture pattern, predicting potential
healing complications, and ultimately making treatment decisions. For example, a
bipartite fracture of the proximal humerus may be a high-risk fracture that can lead to

painful malunion and avascular necrosis (AVN), depending on the location and extent of
fracture dislocation.



Figure 5. Since the patient was a healthy and active middle-aged woman, | choose to do
surgery with ORIF. 7 months later she showed radiologic signs of AVN but had yet not
developed pain, but in later follow up the pain was elevated, and she later underwent
revision surgery with arthroplasty. A complex PHF (A). AVN with penetration of the
screws in the proximal part of the head of the humerus 14 months afteer surgery with
ORIF (B). lllustration by Yilmaz Demir.

1.3 General considerations for the treatment of PHF

When evaluating a proximal humerus fracture, there are several factors to consider (23—
26) when selecting an appropriate treatment plan, and the choice of treatment involves
four main considerations: Fracture type, blood flow, age, and if there is presence of

osteoporosis.

131  Fracture type - radiology

A complete classification system is critical for understanding proximal humeral fractures
and determining appropriate treatment. A well-planned surgical approach is necessary
if surgery is chosen as a treatment option, Figure 6.

Neer's classification system is commonly used for proximal humerus fractures because

of its elegance and logical explanation of fracture parts (27).

Plain radiographs, including the lateral view, transscapular Y view, and true frontal view,
are the most common methods for fracture evaluation and classification (28—-31).
However, in cases of doubt or when a better analysis of the fracture is needed, a
shoulder computed tomography scan (CT) can provide additional information and is
often used for preoperative planning (24,31,32). Classifications are generally based on
plain radiographs.
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Figure 6. Impact of the soft tissues on the fracture pattern. A. AP view showing
attachment points of the tendons (Reprint with permission SAGE Publications.). B. is
illustrating the direction of the force from the tendons (Reprint with permission Elsevier
Ltd)

1.3.2 Circulation

Circulation to the humeral head plays a critical role in the development of AVN and
pseudarthrosis (20-24,33). As mentioned previously, knowledge of the blood supply to
the proximal humerus is critical in predicting the outcome of treatment for PHF.
Disruption of blood supply can lead to AVN, a condition characterized by death of bone
tissue due to lack of blood supply. This can lead to bone collapse, pain and joint
dysfunction. In addition, inadequate blood supply can lead to pseudoarthrosis, in which
the bone fails to grow together due to poor healing, resulting in pain, reduced function
and instability.

13.3 Age and osteoporosis

In health care, decisions about treatment should always take into account the patient's
health status and functional requirements. For severe fractures, it is important to ask
what the patient's goals are, whether he or she is a candidate for surgery, and what
types of surgical options are possible or available. In addition, bone density tends to
decrease with age, so it is critical for surgeons to use judicious planning based on bone

and tendon quality when choosing between osteosynthesis or joint replacement (7).

Low-energy PHF often correlates with osteoporosis. Therefore, it is important to follow
guidelines that recommend immediate treatment or screening for osteoporosis (34—
36). These measures can help prevent future fractures and improve patients' overall
health.



14 Fracture classification

Fracture classification is crucial for the proper treatment of proximal humerus fractures.
Various systems have been proposed, such as the Neer, Hertel, and AO
classification(8,23,27,37,38). The choice of classification depends on several factors,
such as local tradition, physician preference, and choice of reporting registry. The use of
a standardized classification system facilitates communication among health care
professionals, aids in treatment decisions, and allows for accurate comparison of
treatment outcomes across studies. It is important that the treating physician be
familiar with the various classification systems and select the most appropriate system

for each patient.

All classifications of fractures can be summarized in a few principles (8,24,25,27,33,37-
40).

a) How many parts/fragments. 2-part, 3-part, 4-part or more.
b) Degree of dlislocation? What structures are pulling the fragments?
c) Placement of the fracture: collum chirurgicum, collum anatomicum, head

split or tubercle fractures. A combination of fractures is common.

d) Rotation of the head, valgus, or varus impaction?

e) Is the blood supply to the head at risk?

g) Is it a combined dislocation of the shoulder and a fracture?
141 Classification according to Neer

One common classification is Neer's classification, which is primarily based on the
number of parts or fragments. Fragments are considered dislocated if they are angled
more than 45° and spaced more than 0.5 cm apart (24,25,33,37,40,41).

14.2 Classification according to Hertel

This classification is based on the principle established by Codman in 1934 (42), figure 7,
and has since been modified and evaluated in several publications describing how a PHF
should be evaluated based on radiographs and CT (9,21,23,43). There are four main parts
considered in this classification: Head (H), Greater Tuberosity (G), Lesser Tuberosity (L),

and the Shaft (S). Hertel et al. have also presented a systematic radiological assessment

and intraoperative evaluation of blood flow based on this classification (23).



1.4.3The AO /OTA-Classification

The AO/OTA classification is based on the Codman classification and is divided in: Type
A - two-part fracture, Type B — three-part fractures and Type C - four-part fractures,
articular fracture or fracture dislocations. All types are also subdivided in more detail
(10,27,32,38,44,45). It is a common classificationfor PHF and also used by the Swedish
Fracture Register (SFR).

Figure 7. a. tuberculum maijus, b. tuberculum minor, c. head of the humerus, d. shaft of

the humerus, illustration by Yilmaz Demir

1.5 Common treatments for PHF

Normal shoulder function is rarely restored after a proximal humerus fracture, and it is
important to make the patient aware of this, regardless of treatment. Even if treatment
can minimize loss of function and pain, patients will still experience consequences after
a PHF, and this is not unique to adult patients. It is uncommon for patients to be fully
recovered after a fracture, and expectations and demands on the shoulder can vary

significantly depending on age, work, and physical activities (46).

Because more than 80% of PHFs are related to osteoporosis, this should be considered

when planning the treatment of choice (10,13).

Nonsurgical treatment is the preferred choice if the fracture can be treated with
acceptable results, as surgical methods are associated with risks. Further and larger
studies are needed to better understand the optimal treatment. Fracture registries can
also help understand fracture patterns and determine the outcome related to the

treatment.



161  Nonsurgical treatment

Nonsurgical treatment is the most common for PHF, in almost 4 out of 5 cases. This is
because most PHF achieve the same or better results with nonsurgical treatment than
with surgery (7,46—52). The choice of nonsurgical or surgical treatment for individual

patients on fracture patterns is not a topic of this thesis.

There are several surgical methods for treating PHF. The most common ones will be

briefly discussed.

15.2  Surgery with osteosynthesis

16.2.1  Surgery with humerus nail — intramedullary nail - IM

Indication: 2-part and dislocated fractures. When combined with osteosutures, the nail

can also stabilize 3- and 4-part fractures.

Biomechanically, the nail may be more stable in varus impacted fractures, and newer
nails have been designed to adapt to the weak fixation in the proximal humerus (51,53).

However, nailing has inferior results in 3—4-part fractures, head split, risk for AVN, and
severe osteoporosis (49). Despite correct indications for surgery, incorrect positioning
of the nail can lead to a high failure rate, especially in the osteoporotic population
(50,54).

16.22  Surgery with plating — open reduction and internal fixation - ORIF

Plating is a versatile method and can be used for most fractures. However, it gives is
suitable in valgus impacted fractures, while there is a high risk of failure in varus
impacted fractures because the plate does not biomechanically support these
fractures. Plating can minimize malalignment and provide better biomechanics,
preferably in younger patients with good bone quality (49,51,54—57). There is evidence
that supports plating as a good first operation, and if it fails, revision surgery with joint

replacement still has a good chance of success (58).

However, in severe PHF patients undergoing ORIF with a plate, the osteonecrosis rate
may range from 0-15% (51). In addition, plating has worse outcomes in head split

fractures, high risk of avascular necrosis, co-morbidities, and severe osteoporosis.

16.3  Surgery with joint replacement

Indication: severe fractures where plating or nailing does not provide adequate support,
and in patients with osteoporotic bone at high risk of failure, high risk of nonunion, and
high risk of AVN (21,23,24,26,48-50,59,60,51,57,50).

There are two methods for joint replacement in the shoulder for acute PHF. The first is

anatomic shoulder hemiarthroplasty (SHA), in which only the humeral head is replaced

10



with an implant. The second is reverse total shoulder arthroplasty (rTSA), in which both

the humeral head and glenoid are replaced with implants.

16.31  Shoulder hemiarthroplasty

Indication: severe PHF when ORIF is not possible in younger patients and in older
patients with high shoulder demands with preserved rotator cuff. Surgery within two

weeks of trauma is recommended (61-63).

The reason to opt for SHA is to preserve as much of the “normal anatomy” as possible,
which can lead to a better range of motion (ROM) and avoid the risk of dislocation as
with rTSA.

Results after SHA can vary greatly depending on the healing of the tuberosity and soft

tissues.

16.32 Reverse total shoulder arthroplasty

In older patients, rTSA is generally preferred as the primary treatment option (57,64—
66). This procedure may lead to a good functional outcome, as shown in study lll, in

which we compared hemiarthroplasty with reverse arthroplasty (66).

1.6 Evaluation of outcomes in this thesis

There are several research methods to evaluate a treatment. This thesis focuses on

studies based on registries, RCT, and clinical evaluations.

16.1 Registries

In Sweden, there are over 100 national quality registries. Depending on the disease or
treatment studied, registries collect different types of data such as laboratory results,
blood pressure, BMI, PROM, medication use, implant types, implant survival rates, and

birth or death records.

Registries are an important tool for evaluating and monitoring health care outcomes.
They provide a cost-effective way to collect and analyze data over a longer period of
time than would be possible for a single research team. In addition, with good coverage,

registries can detect adverse events and treatments for specific populations.

16.11  Swedish Shoulder and Arthroplasty Registry

Surgeons register the procedures in the Swedish Shoulder and Arthroplasty Registry
(SSAR). After each joint replacement of the shoulder, the surgeon completes a form that
includes the date of surgery, diagnosis, If these is type, type of x-ray used, antibiotic use,

implant type, and other questions about surgical technique and findings. Outcomes
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measured in SSAR include implant survival and PROM. Participation in registries is

voluntary, and patients can opt out at any time.

For elective procedures, a preoperative PROM is collected, but this is difficult, and not
requested for fractures. Follow-up time is 1, 5, and 10 years after surgery. Patients will be
given questionnaires, including the Western Ontario Osteoarthritis of the Shoulder Index,
(WOO0S) the EuroQol five Dimensions health score (EQ-5D), and a self-assessment of
Satisfaction Level (SL).

1.6.2 PROM, Patient Reported Outcome Measure

The questionnaires items are designed to capture the effects of treatment on
characteristics that are important to patients. WOOS is a shoulder-specific score for
osteoarthritis (OA), useful in measuring the outcomes of joint replacement. The
questions are stratified so that we can capture the patient’s well-being and outcome
after surgery as accurately as possible without requiring a clinical examination and
asking too many questions. It is a balance between asking too many questions (more
details but filling out the form is too tedious) and asking too few questions (better

coverage, but with limited information).

WOOS consists of 19 questions divided into four domains (67). The four domains are
physical symptoms (6 questions), sports/activities and work (5 questions), lifestyle (5
questions), and emotions (3 questions). Each question is answered on a visual analog
scale (VAS) ranging from 0-100, with O representing a normal shoulder and 1900
representing the worst possible outcome. The minimum clinically significant difference
(MCID) for WOOS is reported as 8% (68).

The advantage of the PROM used by SSAR is that they are filled at the patient’s own
comfort and do not take up patients' time more than filling out the form. In addition,
patients can be honest about their symptoms because they are not face-to-face with
their physician (69).

In a clinical trial, function can be measured with specific tests such as range of motion
(ROM) and strength. However, these tests require more resources in the clinic. The
group studied is usually smaller compared with registries and PROM, and a small error or

a few outliers can affect the results and the conclusion of the treatment.

17 Validation process

There are several types of shoulder-specific PROM used in studies or registries.
Researchers may select a particular questionnaire based on local traditions or its

prevalence in the field of study.
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Because registries and studies use different PROM, it is important to understand their
compatibility to compare results across studies. The registry or author usually explains
the one used PROM, but it is advisable to check whether it is a self-assessment or also a

clinical examination.

If a measurement is used in a different patient group or diagnosis than it originally

designed for it is important to perform a new validation for that purpose.

Several factors should be considered in the validation process, but ultimately the
instrument must have a good validity — the instrument is measuring what it is supposed
to, and reliability - the instrument gives consistent results that could be repeated

(repeatability).

171 Validity

Internal validity aims to ensure that the measurement has a correct cause-and-effect

relationship while minimizing other factors that could influence the results.

To assess internal validity, several methods can examine potential threats, such as
temporal and historical effects, maturity effects, test and order effects, changes in
instruments, selection bias (including poor or no randomization), mortality or dropouts,
and participant or observer bias. Although some of these hazards are more intuitive than

others, it is necessary to address them to maintain the internal validity of the study.

External validity on the other hand, assesses whether the cause-and-effect relationship
is generalizable beyond the study sample. Researchers must assess whether the results
can be generalized to the general population or whether they apply only to the study's
subgroup. It is important to assess the external validity of a study to determine if its

results are applicable to a broader population.

Criterion validity answers the questions: “if the instrument agrees with the “truth” and
does WOOS measure what it is supposed to measure?”. Construct validity answers the
question of whether a minor change could affect the outcome. Content validity is the
examination of the floor and ceiling effect (when 15% of the responses reach the
minimum or maximum value). Convergent validity is an assessment if the combination of
questions leads to the most meaningful result without the need for questions to be

homogeneous.

17.2  Reliability

To ensure that the method produces the same or similar results when repeated,
researchers may use the following methods for evaluation: Test-Retest, Parallel Form
Reliability, Split-Halves Method, Internal Consistency Method, Inter-Observer Reliability,
and Inter-Rater Reliability.
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17.3  Accuracy and Precision

In addition to reliability, other terms are relevant to measurement such as accuracy -
how close the measurement is to the true value, and precision - how consistent the

measurements are when repeated, regardless of proximity to the true value.

The goal is to achieve high accuracy and precision. High precision without hitting the
target is meaningless, as is high accuracy with a wide range of values that make

interpretation of the measurement difficult.

1.7.4 Bias and Confounders

In any studly, it is critical to identify and address potential hazards that may lead to
inaccurate measurements or erroneous conclusions before research begins. In this way,
researchers can minimize the risks of bias-systematic errors-and confounding
variables-variables that are associated with both the predictor of interest and the
outcome. This step is important to ensure that the results of the study are trustworthy

and applicable to the target population.

14



2 LITERATURE REVIEW

In the last decade, there has been a trend toward nonsurgical treatment of PHF because
several studies have had difficulty demonstrating the benefit of surgery (63). A major
problem is that most (about 80%) of PHF that can be treated without surgery are

compared with those that require surgery (52).

The other situation is understanding the personality of PHF, the degree of osteopenia,
and biological age of the patient, risk for falling and level of activity in choosing the right
surgical intervention (IM, ORIF, SHA, or rTSA).

21 Factors in the decision to treatment

211 Preserved rotator cuff

If the rotator cuff is preserved and the risk for osteopenia is low, the treatment chosen is
flexible and depends on other factors, as some treatments are not possible in a

degenerative rotator cuff.

If the rotator cuff is degenerative or there are systemic diseases or treatments that put
the patient at increased risk for osteopenia and rotator cuff rupture, or if the tendons

are at risk for rupture, nonsurgical treatment or treatment with rTSA is an option.

212 Deforming forces and fracture type

The deforming forces in PHF are due to the tendons attaching to the proximal humerus:

- Anterior and medial displacement of the shaft is caused by the forces of the
pectoralis major.

- The dorsal and cranial displacement of the greater tuberosity is caused by the
forces of the supraspinatus, infraspinatus, and teres minor.

- Internal rotation of the lesser tuberosity and/or the articular segment is caused

by the subscapularis.

Depending on patient-related factors, patients may be treated nonsurgical even though
they meet radiographic criteria for surgery. Generally accepted criteria for surgery are
2—-4-part fractures with any of the following characteristics (50,70):

- >10 mm displacement of the head from the shaft

- > 5 mm cranial displacement of the greater tuberosity
- Displaced fracture in the lesser tuberosity

- > 45 degrees of angular displacment of the head

- Loss of medial support/calcar

- Splitting of the humeral joint surface
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213 Age

Biologically 'younger' patients who are active and at low risk for osteopenia are usually
under 65 years of age and suitable candidates for PHF surgery. However, biological age
can vary significantly depending on factors such as alcohol abuse, smoking, systemic

disease, systemic treatments that affect bone and tendon quality, and activity level.

If the risks of surgery outweigh the benefits, surgery is not a recommended option. The
treatment approach should be based on the anticipated degree of osteopenia, the
degree of glenohumeral OA, and rotator cuff function (57,70,71).

Surgery with ORIF is recommended if the fracture has a good chance of healing and can
be placed in a more anatomic position. If this is not possible in biologically younger
individuals, SHA is preferred in centers that are comfortable performing the surgery
(57,70,72,73). In recent years, rTSA has become more common as a 'safe’ method that
does not depend on tuberosity healing or rotator cuff condition (74-76).

Stenquist et al (77) compared outcomes in terms of shoulder function, implant survival,
and complications with a follow-up of at least 3 years between younger, active patients
(mean age 64) and older patients (mean age 78) treated for PHF with rTSA but found no

significant differences.

However, it should be emphasized that the durability of rTSA in younger patients
remains unknown. In addition, many centers have stopped training their residents in SHA

and now prefer rTSA to SHA because of its increasing popularity.

214  Activity level — ADL

If the patient has low expectations regarding shoulder function, severe dementia, and
lives in a nursing home, it is probably best to avoid surgery for an ambulatory PHF,
regardless of radiographic findings.

215 Treatment algorithm

Spross et al. developed a treatment algorithm based on radiology, biological age,
activity-level and ADL (57). The choice of treatment should be based on the expected
outcome. After a traumatic injury, it is important to balance early motion and healing.
Limited range of motion and strength in the shoulder is often due to scarring, altered

anatomy, pseudoarthrosis, or post-traumatic OA.

In high-demand patients, early surgery is important to prevent stiffness and loss of
muscle function, as reported in many studies. In low-demand patients or patients who
require surgery only when needed, it is often better to wait-and-see approach and

provide surgery with SHA or rTSA as a last resort to relieve pain.

16



For younger or active patients with high demands, the primary goals are to relieve pain
and restore shoulder function to the greatest extent possible. Our primary goal for older

patients with low demands is pain relief, Figure 7.

| PHF |
~ /' . \'\g
[ Nonsurgical Surgcr)j
l P N
f s \\\\-‘;
| Aim to minimize Pain
L loss of function managment
. :
A [ — \
5 5 - Rotator cuff intact \
Anatomy is possible No 3 A \ v
5 : biological age \ Yes
to restore? S = \
<65 years? \
: \ \
Yes " No \ Yes \

. S » R _ S .
ORIF TSA SHA rTSA
< 48 hours <2 weeks < 2 weeks no timelimit
Figure 7. A flowchart to summarize the treatment alternatives and the timing to surgery

depending on treatment of choice, the biological age, co-morbidity, and activity level.

216 Common shoulder specific scores used in follow up in PHF

216.1  American Shoulder and Elbow Surgeons Score (ASES)

The American Shoulder and Elbow Surgeons Standardized Shoulder Assessment Form
(78-80), is a comprehensive instrument for evaluating shoulder function and treatment
outcomes. It provides a score between O and 100, with higher scores representing
better outcomes. ASES is a versatile assessment tool consisting of 17 subjective
questions and an objective component that includes a clinical examination. It is
important to note that only the subjective responses are considered in calculating the
ASES score.

The ASES has proven its usefulness in assessing shoulder disorders and treatment
outcomes, particularly in North America, where it is widely recommended and has been

in use for some time.

Although the ASES is a valuable tool, there may be a slight “ceiling effect.” A ceiling effect
suggests that the assessment may have limitations in capturing improvements in
individuals with relatively good shoulder function at baseline. The ASES is a well-
established and widely accepted shoulder assessment tool that provides valuable

insight into patient symptoms and clinical outcomes.
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216.2 Constant-Murley Score (CS)

The Constant-Murley Score (78—-83) is a widely used assessment tool to evaluate
shoulder function and outcomes, mainly used in Europe. It assigns a score between O
and 100, with higher scores representing better shoulder function and overall patient
well-being. CS's long history of use and support by medical professionals underscores

its importance in the field of shoulder assessment and patient care.

The CS score can be divided into two main components: the self-
assessment/subjective portion and the objective measurements. The subjective portion
is self-report of shoulder-related symptoms, and the objective measurements are
assessed by clinical examination.

The CS is a valuable tool for healthcare professionals, common in Europe where it is
widely recommended and has been in use for some decades. It serves several purposes,
including preoperative assessment, postoperative assessment, and monitoring the

progress of nonsurgical treatments for various shoulder conditions.

216.3 Oxford Shoulder Score (OSS)

The Oxford Shoulder Score (84,85) consists of 12 questions, each with five response
levels (from O to 4). This PROM is based entirely on self-assessment and does not
require clinical examination. The cumulative score is reported as a numerical value

between O and 48, with lower values representing better outcomes.
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3 RESEARCH AIMS

The overall aim of this thesis is to better understand the outcomes of PHF treated with
joint replacement. To accomplish this, the more specific aims are broken down into four
studies presented in this thesis.

3.1 Specific aims:

In Study | the aim was to investigate revision rates and reasons for revision after

shoulder arthroplasty for acute fractures of the proximal humerus.

In Study Il the aim was to assess a specific shoulder score, WOOS as PROM for PHF
treated with shoulder arthroplasty. Since SSAR uses PROM for all arthroplasty diagnoses,
we saw the need to validate WOOS for fracture diagnosis.

In Study Il the aim was to analyze if rTSA is the superior treatment for complex PHF
compared to SHA.

In study IV the aim was to determine the best timing for surgery with shoulder joint
replacement after PHF.
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4 MATERIALS AND METHODS

4.1 General material and methods

411 Patient selection

In Study | the population was selected from the SSAR and corresponding registries in
Denmark, Finland, and Norway. We decided on the aim of the study, the compatible data
sets, and created a hierarchy of the complications to be studied. The goal of NARA is to
share knowledge across the Scandinavian countries to create a better understanding of
joint replacement of the shoulder through comparison. The registries submitted the
pseudonymized data from the registries that contained the compatible data sets. This

was an international collaboration and a registry-only study.

To validate WOOQOS, we needed a series of patients who had PHF and surgery with joint
replacement. After ethical approval, we had access to patients in Stockholm and sent a
letter to those who were eligible for the study. The methodology was different from
Study | because we used the registry for patient selection for further data collection and

examination.

The third methodology was an RCT multicenter study. Participants were included from 8
trauma hospitals, and we had a template for study information. It was important to

maintain equipoise between the treatments before surgery, during rehab, and at follow-
up.

In the fourth study, the study population was included from SSAR and from the hospitals
that could provide the date of trauma and the date of surgery. The sample size was
determined from the combination of SSAR and the information from the hospitals that

could provide us with the required data.

412 Sample size

Registries can be considered as large, continuous cohorts that include all individuals
who have a disease or treatment. The sample size was determined depending on the
data available for the study.

For the RCT study the sample size was determined by a power calculation.

413 Statistics

In Study |, a survival analysis using Kaplan-Meier was performed and the relative risk
between SHA and rTSA was calculated using a Cox proportional hazards regression

model.
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In Study II, we validated WOOS with shoulder-specific scores and general scores.
Because there was no pre-fracture PROM collected, the data was ordinal, not normally
distributed, and not binomial, we decided to use Spearman rank correlation and set the
level at >0.75 as excellent. Cronbach’s alpha was used for internal consistency. An
intraclass correlation coefficient (ICC) was used for the test results of WOOS, and we
also decided on a lowest level on Satisfaction Level, setting a threshold for an

acceptable level for WOOS on PHF with treated with joint replacement.

Study Il was an RCT comparison of SHA with rTSA based mainly on functional scores
and the Fisher exact test, Fisher nonparametric permutation test, chi-square test,

Wilcox signed rank test, and signed test for time-dependent variables were used.

In Study IV the outcomes related to time from trauma to surgery were assessed with
WOOS% and were analyzed using linear regression for continuous data and logistic

regression for SL since it is binomial.

414 Ethical considerations

All studies were performed in accordance with the principles of the Helsinki declaration
and approved by the regional ethical review board of Karolinska Institutet. In Study |, we
used pseudonymized data from Denmark, Finland, Norway, and Sweden. The data was
analyzed in Norway, and at the time of publication, the registries were able to share the
data. The analyze was approved by the Norsk samfunnsvienskapelig datatjeneste AS in
Norway, ref 19860/2LT. In Study Il all participants were identified from SSAR and they
then gave informed consent to participate in the follow-up and examinations, DNR
2012/1505-31/4. Study Il all participants had written informed consent, 2013/1053-31/3,
and patients were only included who accepted surgery and met the criteria for joint
replacement. Study IV used retrospective observational data from registry and the
Swedish social security number to collect the date of trauma from the hospitals, DNR
2012/1505-31/4.

4.2 Specific material methods for the studies

Study I: Revision after shoulder replacement for acute fracture of the proximal humerus

The data sets were extracted from the Nordic arthroplasty register association (NARA)
to examine 19,857 shoulder arthroplasties performed between 2004 and 2013 in
Denmark, Sweden, and Norway, with report completeness ranging from 80% to 95% in

the three countries.

The dataset includes information on patient demographics, primary procedure details
such as diagnosis, date of surgery, type of joint replacement, brand, and information on
revision procedures including revision date, reason for revision, number of revisions, and

new type of joint replacement.
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Definitions were established for key terms such as acute fracture and fracture sequelae
in the NARA consensus (86). An acute fracture was defined as a proximal humerus
fracture that was not categorized as a subsequent fracture, regardless of the time
between injury and surgery. Fracture sequelae included fractures reported as nonunion,
malunion, previous osteosynthesis, OA, and humeral head necrosis when reported with a

fracture.

A hierarchy of reasons for revision was used and in cases where more than one reason

was reported, only one reason for revision was recorded.

Survival rates were calculated based on reported revisions and by reviewing deaths in

each country's national population registry through December 2013.

Study II: Validation of Western Ontario Osteoarthritis of the Shoulder Index (WOOS) for
proximal humerus fractures treated with arthroplasty— A study from the Swedlish

Shoulder Register

Patients treated with hemiarthroplasty between 2008 and 2011 after acute PHF were
identified, and those with a follow-up of at least one to five years were invited to
participate. The questionnaire-only group consisted of 72 subjects who met the
inclusion criteria and completed WOQOS, OSS, EQ -5D, and SL, while the study group

consisted of 43 subjects who also underwent a clinical examination and WOOS retest.

To validate the construct of WOOS, it was compared with other shoulder-specific
scores (Oxford Shoulder Score, American Shoulder and Elbow Surgeons Score, and

Constant Score)and with generic scores (EuroQol-5D-3L and Satisfaction Level).

For the validity analysis of Criterion validity, Construct validity, Content validity and

Convergent validity was performed.

For Criterion validity, a comparison of WOOS to other shoulder-specific PROM that
either were self-assessment only (WOOS and OSS) or also had a part that included a
clinical examination (ASES and CS). For Construct validity analysis of the effect of
shoulder pain and stiffness was compared to general health, and a change in EQ-5D and
SL should also occur with some agreement, but not as much as with the shoulder-
specific scores. For Content validity the floor and ceiling effect was examined to
determine whether the WOOS was relevant and representative. For Convergent validity
analysis with Cronbach's Alpha (O-1) of WOOS total and within domains was performed.
A low alpha value indicates scattered questions, and a high value indicates
homogeneity. It is important to understand that the more values the questionnaire

contains, the higher the alpha value.

For the reliability of the WOOS, the total score and each domain in WOOS were first

analyzed for construct reliability. Then, a test-retest was conducted with a minimum
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interval of 2 weeks to ensure that the symptomatology was unchanged but that

subjects would have forgotten their original responses.

All scores were compared with a dichotomized SL to assess responsiveness. The study
used the previously reported minimal detectable change (MDC) of 10% and minimal
clinically important difference (MCID) of 8% for WOOS % (83). We used the SL score of 3
("neither satisfied nor dissatisfied") as the Patient Accepted Symptom State (PASS)
threshold for PHF treated with joint replacement. PASS for WOOS% was 72 (Clss 62-81.5).

Study lll: Reverse Total Shoulder Arthroplasty Versus Hemiarthroplasty for Displaced 3-
and 4-part Proximal Humeral Fractures in Patients Older Than 70 Years. A Multicenter

Randomized Controlled Trial

This is a multicenter, prospective, randomized controlled trial. The inclusion criteria were
displaced 3- or 4-part proximal humerus fractures in elderly patients aged 270 years,

living independently, with a low-energy mechanism of injury. The exclusion criteria were
preexisting shoulder condition, cognitive impairment, or comorbidities that significantly

affected shoulder rehabilitation.

A total of eight hospitals in Sweden participated in the study, and 17 experienced
surgeons performed the procedures. The choice of prosthesis brand was at the
discretion of the treating surgeon. The postoperative protocol was that patients wore a
sling for 2-4 weeks with individualized rehabilitation of passive and active-assisted
range-of-motion exercises that transitioned to active exercises approximately at 4-6
weeks and strengthening exercises usually started after 8-12 weeks.

Clinical outcome measures included CS, WOOS, EQ-5D, 10 cm VAS scale for pain and
satisfaction of the shoulder, range of motion, and strength, radiographs were taken, and

adverse events were recorded 1year and 2 years postoperatively.

Study V: Timing of surgery for proximal humeral fracture treated with shoulder

hemiarthroplasty, best results with surgery within 2 weeks.

This study analyzed a national cohort of 3383 shoulders that underwent shoulder
hemiarthroplasty after proximal humerus fractures between 1999 and 2011. Of the 2762
shoulders with an acute fracture diagnosis, 1469 were selected from nine hospitals. After

exclusion because of missing follow-up and missing data, 380 shoulders were analyzed.

The exposure variable was timing to surgery, categorized as within 14 days, 14-60 days,
or > 60 days after trauma, with weekends and weekdays included. The subset of

surgeries > 60 days after trauma was classified as "fracture sequelae”.

Primary outcome was measured at least 1year after surgery using WOOS. Secondary

outcomes were EQ -5D and SL.
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WOOS scores were converted to a percentage. For analysis we considered MDC of 10%
and MCID of 8% for WOOS (83). EQ -5D measured five dimensions and was represented
by its specific index. Patient satisfaction was measured by a Likert scale and

dichotomized into satisfied and dissatisfied groups.
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5 RESULTS

B.1 Study I: Revision after shoulder replacement for acute fracture of the
proximal humerus.

This study analyzed the use of prostheses for acute fractures of the proximal humerus
between 2004 and 2013. A total of 6,756 prostheses were used, with an initial increase
in incidence but stabilization over the last 5 years of the study. The proportion of
patients treated with rTSA increased steadily, with 8.4% of all prostheses being rTSA.
The mean age of patients was 72 years, and 80% of all patients were women.

The study found that the cumulative survival rates of SHA and rTSA were similar, with a
10-year survival rate of 0.95 for SHA and data on rTSA survival rates not yet available.
The most common reason for revision in both types of joint replacement was infection.
The relative risk of revision due to infection was higher for rTSA than for SHA. The study
also found that younger patients had a higher relative risk of revision and worse survival

rates than older patients.

The most commonly used SHA brands were Bigliani-Flatow, Global Fx, and Aequalis
Fracture stem, while the most commonly used rTSA was Delta Xtend. 3.3% of all

prostheses were revised, with infection being the most common reason for revision.

B.2 Study II: Valigation of Western Ontario Osteoarthritis of the Shoulder
Index (WOOS) for proximal humerus fractures treated with
arthroplasty— A study from the Swedlish Shoulder Register

The validity of the WOOS % was found to be excellent, as indicated by the Spearman
correlation coefficient (R > 0.75) with the shoulder-specific scores.

EQ-5D showed a good correlation (R = 0.68), but 15.7% of the subjects reached a ceiling
effect. No floor or ceiling effect was observed for the other scores.

The internal consistency of the four domains of WOOS was good to excellent, with
Cronbach alfa values ranging from 0.894 to 0.965. The test-retest reliability of WOOS %
was excellent, with an ICC of 0.970.

The questionnaires, including WOOS%, were responsive to the level of satisfaction, with

a good correlation between satisfaction and the scores obtained.

The mean PASS of WOOS% with an anchor set at SL = 3 was 72.1(CI95 62.1, 81.5).
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5.3 Study lll: Reverse Total Shoulder Arthroplasty Versus
Hemiarthroplasty for Displaced 3- and 4-part Proximal Humeral
Fractures in Patients Older Than 70 Years. A Multicenter Randomized
Controlled Trial

Of the 99 patients with proximal humerus fractures that were included, 48 received a
rTSA and 51 received a SHA. Fifteen patients did not complete the final follow-up,
including 10 patients who died (rTSA = 4, SHA = 6). The patients lost to follow-up were
older and had a lower preinjury EQ-5D index score. As a result, 84 patients were

analyzed.

The mean follow-up time was 2.4 years in both groups. There were no demographic or
clinical characteristic differences between the 41 patients in the rTSA group and the 43
patients in the SHA group. Three patients in the SHA group were treated with rTSA at
final follow-up and were analyzed on an intention-to-treat basis. One patient was
converted to rTSA perioperatively because of the absence of the supraspinatus tendon,

whereas the others two underwent surgery with rTSA due to adverse events.

The rTSA group had a higher mean CS than the SHA group (58.7 vs. 47.7). There were no
differences in WOOS or EQ-5D between the treatment groups. Most patients in both
groups had a WOOS% score between 80 and 100, and there were patients in both
groups with a WOOS% score 2 97.

The rTSA patients (79mm) had better shoulder SL (O-100mm) than for SHA patients
(63mm). Both groups had similar levels of pain.

ROM with flexion and abduction was better for rTSA group whereas external rotation
was better for SHA group.

The radliographic parameters showed equal failed union of tubercles in both groups, with
a rate of 33% for the rTSA group and 29% for the SHA group. When union and malunion
were compared within the groups, they didn’t show any clinically relevant differences
with CS.

There was no difference in adverse events between rTSA and SHA. There were four
periprosthetic fractures (one in the rTSA group and three in the SHA group). Two
patients with SHA underwent surgical revision due to complications, one with a painful
rotator cuff and migration of the SHA head, and one due to loosening after a
periprosthetic fracture caused by trauma. The rTSA patient with a fracture had a distal
humerus fracture that required surgery with ORIF. One rTSA patient died of pneumonia
eight days after surgery, and the other deaths were unrelated to the proximal humeral

fracture or its treatment.
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5.4 Study \V: Timing of surgery for proximal humeral fracture treated with
shoulder hemiarthroplasty, best results with surgery within 2 weeks.

Of the 380 shoulders studied 81% were women, with the age ranging 42 to 90 in women
and 34 to 91 years in men. Most of the patients (82%) underwent surgery within 14 days

after their trauma.

The mean overall WOOS% was 63% (+26) and the mean EQ-5D index was 0.67 (+0.3).
We found that patients who had surgery within 14 days after the trauma had better
outcomes than patients who had surgery later. The mean WOOS % value was highest
between days 6-10 after surgery, with a cut-off point at 10 days after which WOOS %
decreased by 1.4 WOOS %/day. Patients who underwent surgery 15-60 days after

trauma had worse outcomes in all three scores.

The EQ -5D index decreased linearly by 0.03 per day, and satisfaction had a linear

decrease with an odds ratio of 0.7 per day.

Subgroup analysis showed that weekday surgeries had better scores compared with

weekend surgeries.

29






6 DISCUSSION

6.1 General discussion

The timing of surgery for orthopedic trauma is important and there are several general

considerations, such as:
- the risk of major bleeding from the fracture
- damage to the nerves

- the risks of prolonged immobilization such as deep vein thrombosis,

pulmonary embolism, and pressure ulcers
- soft tissue damage that must heal prior to surgery
- open fractures that need to be treated more quickly
- pain management
- functional results
- the general health or fragility of the patient

The same principles apply to PHF as to all orthopedic traumas. The recommendation for
timing of surgery with joint replacement after PHF is based on past experience and

current knowledge.

Shoulder function depends on the intricate coordination of the shoulder girdle and
rotator cuff, and PHF can cause damage to the muscles and tendons. Degeneration and
stiffening of soft tissues worsen when the time to surgery is prolonged, and early surgery
may be beneficial (87,88). This may reflect the result at follow-up in SSAR of the study
IV, in which surgery within 2 weeks with SHA showed better results, compared to later
than 2 weeks. The result with rTSA does not seem to have the same effect on time to

surgery in the elderly population (>75 years).

The function of a SHA is to replace the humeral head and return the shoulder to its
former biomechanics. Therefore, restoration of the anatomy around the joint
replacement should provide good pain relief and ROM. Prolonged delay to surgery
results in a more difficult surgery to restore the anatomy, difficulty in correcting any
malunion, or risk of nonunion at later stages (89). In biologically younger patients'
treatment with early surgery and ORIF (<48 hours to enhance healing of the
reconstructed tubercles) is recommended if anatomy can be restored, or surgery with

joint replacement if the fracture is too severe to restore the anatomy (57).
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In the elderly, the rotator cuff is weaker, and the tuberosity healing is uncertain (64,77).
The better ROM and higher satisfaction level with rTSA in study lll study may reflect the
biomechanical properties of the joint replacement. The balance of the shoulder is not as
dependent on the rotator cuff in rTSA as in SHA, so the deltoid muscle can transmit

more force in a better-balanced shoulder.

The more predictable outcome may be one reason for the increased use of rTSA as a
treatment for 3—4-part PHF and revision after osteosynthesis in patients > 65 years.
However, in case of complications, revision of rTSA is more complicated than SHA
(50,90). In study lll there were no adverse effects associated with joint replacement for
rTSA. The early pain relief and better ROM could also be due to the different
postoperative rehabilitation protocol. Patients who underwent surgery with rTSA were
able to actively exercise sooner, compared with SHA where rehab was more cautious to

protect tubercle healing.

There is an increased surgery with rTSA in younger individuals with complex PHF, but the
long-term complications are unknown (73). In recent years, there have been several
publications on the need to reconsider and strengthen the indication of SHA in younger
and active people when ORIF is not possible for complex PHF (63,74,91). The long-term
risk of SHA has been suggested to be erosion on the glenoid and migration (92), but
there are recent studies with follow-up of at least 10 years showing a survival rate at
96.6% (73). The age ranged from 42-90 years in Study IV and in study | the proportion of
patients <75 years was 38% thus the majority is on the elderly population and the
increased use of rTSA the elderly could be a result of more predictable result of worse
healing of the tubercles and weaker rotator cuff in the elderly. The younger population

was not separated in the analysis in study IV.

If treatment fails with nonsurgical treatment or ORIF, the choice is to revise the
treatment with either ORIF or joint replacement. If SHA fails, revision could be a new SHA
or revision to an rTSA. If the failed treatment is an rTSA, there are fewer options and
surgery may be more challenging including a salvage SHA. Therefore, the threshold may
be higher for revision of an rTSA. Unexplained pain is a reason for revision for anatomic
joint replacement but is not common for rTSA (93). In study |, the overall revision rate
was 3.3% for SHA and 3.5% for rTSA. The reason for revision "other diagnoses" was 1.8%
for SHA and 0.5% for rTSA. This could be a reflection of the complexity in comparing two
different methods and the risk for revision and implant survival. The rate and severity of
adverse events are important. In study | and IV the choice between SHA and rTSA was in

the discretion of the treating surgeon and it is reflecting the.

Revisions due to infection were more frequent with rTSA in study |. One reason for this
could be that there are more parts in rTSA than in SHA. It could also be an effect of the

learning curve including the longer time to perform the surgery, and the implants
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available at the time of the study. A limitation of study | is the lack of information on
operating room time and surgeon experience. In Study Il the attending surgeons were
experienced, possibly reflecting the non-existent rate of complications with rTSA.

6.2 Specific discussion

Study |: Revision after shoulder replacement for acute fracture of the proximal humerus.

Both SHA and rTSA had high survival rates, but the factors influencing the decision to
revise the joint replacement are not fully known in the registry data. In addition, reported
survival rates do not necessarily reflect patients’ functional outcomes. There are also
discrepancies in revision rates between systematic reviews and data from national
registries, possibly due to differences in inclusion criteria. It is important to interpret any
comparison between SHA and rTSA with caution because rTSA was a newer design at
baseline and the indications for its use in the treatment of acute fractures likely
changed during the study period. Surgery with rTSA was associated with a higher risk of
infection compared with SHA. Periprosthetic infection is a severe complication with long

hospitalization and high costs.

Study II: Validation of Western Ontario Osteoarthritis of the Shoulder Index (WOOS) for
proximal humerus fractures treated with arthroplasty— A study from the Swedlish

Shoulder Register

SSAR use WOOS as PROM, and until 202], it was also used in the Danish shoulder
registry. It has been translated and validated in Swedish (94) and in Danish (95) for OA.
WOOS was originally designed as a specific PROM for OA of the shoulder (67) The
research team incorporated additional dimensions to align with the World Health
Organization's (WHO) principle that “Health is a state of complete physical mental and
social well-being and not merely the absence of disease or infirmity”(96). The total
score is converted to a percentage. The total score is converted to a percentage and
WOOS% (ranging from O to 100) represents the level of satisfaction compared to a
healthy shoulder (67).

In cases of shoulder OA, both preoperative and postoperative WOOS scores are
obtained. MDC and MCID are used to assess the responsiveness of WOOS scores.
However, in the context of PHF, there is no preoperative WOOS available. Therefore, we
opt for using PASS as a threshold in WOOS% for patients with PHF treated with joint
replacement. This approach allows us to distinguish between poor and acceptable
outcomes in the PROM.

A PASS introduces an additional dimension to treatment effectiveness beyond what
MDC and MCID provide. While observing a clinical change indicates treatment efficacy,

it does not address whether the improvement that is considered as PASS-positive or
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PASS-negative (97). The phrasing of the PASS question is critical, and an example is, 'In
the next few months, if you were to remain as you were during the last 48 hours, would
this be acceptable or unacceptable to you? However, patients often rephrase it as ‘for
the rest of your life' and remove the time frame (98). In Studly I, the satisfaction level

used was 'neither satisfied nor dissatisfied, with no specified time limit.

We considered a steady state when at least one year has passed after surgery. PASS
positive for WOOS% was 72% (62.1-81.5). This threshold holds significance for future
studies utilizing WOOS.

Study lIl: Reverse Total Shoulder Arthroplasty Versus Hemiarthroplasty for Displaced 3-
and 4-part Proximal Humeral Fractures in Patients Older Than 70 Years. A Multicenter

Randomized Controlled Trial

The rTSA group had a mean Constant score of 58.7, significantly better than the HA
group of 47.7. Satisfaction (79 mm vs. 63 mm), abduction (112° vs. 83°), and flexion (125°
vs. 90°) were significantly improved in the rTSA group. These results are consistent with

previous studies. The rTSA patients also achieved better range of motion.

We hypothesize that the greater satisfaction with the shoulder in the rTSA group was
due to the improved range of motion, as there were no significant differences in pain or
complications. However, rTSA did not prevent the decline in EQ -5D Index scores in

either group.

Our study highlights the importance of age on treatment outcomes and the potential for
sustained improvement in shoulder function beyond 1year. Healing of the greater

tuberosity did not significantly affect outcomes in either group.

Prior RCT with plating vs non-treatment in elderly patients did not show any clinically
significant difference (99). Nor has RCT in the elderly shown any benefit with SHA vs

non-surgical treatment (59,100).

We find rTSA provides better shoulder function and satisfaction in elderly patients with

proximal humerus fractures, with age playing a critical role in treatment efficacy.

A limitation of this study is that we did not compare surgical treatment with nonsurgical

treatment.

Study V: Timing of surgery for proximal humeral fracture treated with shoulder

hemiarthroplasty, best results with surgery within 2 weeks.

Surgery with joint replacement within two weeks of PHF compared surgery after two
weeks, has a lower revision rate (3.5% vs. 5.8%), better WOOS%, and EQ -5D compared
with surgery after two weeks, according to analyzes in SSAR (unpublished data). Late
sequelae (PHF treated nonsurgical or with ORIF that resulted in pain, AVN, posttraumatic
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arthrosis, malunion or nonunion) after fracture had a worse outcome compared with
those who had acute surgery with joint replacement. However, they still had a better
quality of life after surgery with joint replacement compared to unpublished data from
the registry. Both SHA and rTSA showed a higher revision rate when surgery was
performed after two weeks than when it was performed before two weeks. WOOS%
showed no significant difference with surgery after two weeks for the rTSA, according to
analyzes in SSAR (unpublished data).

For SHA, the WOOS% scores deteriorated with each day of delay beyond two weeks
before surgery, in accordance analyzes in SSAR (unpublished data). This is consistent
with the IV study, which examined SHA in the timing of surgery with joint replacement.

Our results are consistent with previous studies emphasizing the benefits of early
surgery for PHF. Factors such as healing processes, technical difficulties, and soft tissue

stiffness may contribute to worse outcomes with delayed surgery (87-89).

Strengths of the study include a large sample (380 patients) representing different
types of PHF, with a follow-up period of 1-5 years. Limitations, however, include lack of
detailed information on fractures, surgical variations, and limited data on postoperative

physical therapy and contralateral shoulder function for comparison.
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7 MAIN CONCLUSIONS OF THIS THESIS

Based on Nordic national registries, we found that revisions after joint replacement on
acute fractures were rare and survival rates were similar for SHA and rTSA. However, the
risk of revision due to infection was higher for rTSA than for SHA. Patient age had a
significant effect on the risk for revision, with younger patients having a higher risk of

revision.

The use of WOOS can be continued in future studies as it is a valid PROM for PHF
treated with joint replacement.

Displaced 3- or 4-part fractures of the proximal humerus treated with rTSA
demonstrated a better shoulder function and higher satisfaction level than SHA in the

elderly.

Time to surgery is important. In nonurgent cases, it is safe to wait for optimal conditions

and patient assessment and to consider patient-related factors in decision making.

Since the goal for treatment in the younger population is to restore function and reduce
pain surgery with SHA should not be delayed. If the treatment is delayed more than two

weeks rTSA is a good option.
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8 POINTS OF PERSPECTIVE

8.1 Prosthetic joint infection

The common bacteria in periprosthetic joint infections are Cutibacterium Acnes (38.9%)
Staphylococcus Aureus (14.8%), Staphylococcus Epidermidis (14.5%) and Coagulase-
negative Staphylococcus (14%) (101). With more knowledge of the behavior
Cutibacterium Acnes the treatment has switched over with time. Prophylaxis with
Cloxacillin had a higher relative risk for revision compared to the combination of
Cloxacillin and Bensylpenicillin. There was no difference between Clindamycin and the
double treatment Cloxacillin and Bencylpenicillin. Between 2013-2019 the use of single
Cloxacillin decreased drastically, Clindamycin increased since it covers Cutibacterium,
and prophylaxis with the combination Cloxacillin and Bensylpenicillin was the most

common in Sweden (102).

Our current recommendation established in collaboration with the infection clinic in
Danderyd hospital is Cloxacillin in combination with Bensylpenicillin, since we noticed a

development of clindamycin resistent cutibacterium cultures.

Since Cutibacterium Acne hides within the sebaceous glands and can survive the
preopretive shower and skin sterilization (103), our patients are currently treated with
topical benzoylperoxides. Positive cultures during surgery are decreased from 28% to
8% (104).

A future study could be to better understand surgical site infection in prosthetic joint

infection and the effect of topical treatment.

8.2 PASS

To understand further understand the scores in WOOS % and further development of
PASS would be to also compare for WOOS with scores such as SF-36, socioeconomic

status and co-morbidities.
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