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ABSTRACT

Radial head arthroplasty (RHAP) is proposed as the treatment of choice of complex
radial head fractures not amenable to reconstruction. With advances in the understanding of
elbow biomechanics and subsequently implant designs, low morbidity, few complications and
good success has been reported with RHAP compared to internal fixation. Much of the
success/complication post RHAP has been attributed to the fracture pattern and presence of
associated injuries. While these are important parameters to reflect on, however, the outcome of
surgery cannot be solely attributed to the methods of dealing with the radial head fracture.
Importantly, the outcomes of RHAP are also influenced by patient factors. Hence, the purpose of
this thesis was to assess the existing knowledge of functional outcomes post RHAP and explore
the role of acute post surgical pain as a predictor of those outcomes.

The first manuscript in the thesis systematically examines the current available English
literature regarding the functional outcomes of metal RHAP. Studies reviewed revealed
significant heterogeneity in the study and patient characteristics. Likewise, the method of
reporting fracture classification, clinician and patient reported outcomes are inconsistent. Based
on the level 4 evidence studies in the review, we concluded that RHAP provides good to
excellent outcomes in short-midterm follow up, with no evidence regarding the superiority of
one implant over another.

The second manuscript explored the role of acute post surgical pain in development of
chronic functional impairment post RHAP using the EVOLVE (Wright Medical Technology,
Arlington, Tennessee) implant at 2 years post surgery. A total of 59 adults with complex radial
head fractures treated with EVOLVE metal radial head implant were followed for a period of
two years. Demographics, American Shoulder and Elbow Surgeon's-Elbow (ASES-e) pain
subscale and Disability of Arm, Hand and Shoulder Questionnaire (DASH) data were collected
at baseline and two years. Regression analyses revealed that acute post operative pain post
RHAP is significantly related to the functional outcome at 2 years post RHAP. An ASES-e pain
cut off score of 32/50 predicted the development of chronic functional impairment two years post
RHAP.

The results of this thesis highlight the need for prospective longitudinal studies,
comparative analyses and standardized methods of reporting concerning effectiveness of RHAP.
It also emphasizes the significance of quantifying pain levels in the immediate post operative
period and classifying the patient in high/low risk groups for developing chronic functional
impairment based on the pain level.
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CHAPTER 1: INTRODUCTION
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Radial head fractures

Radial head fractures (RHF) constitute 33% of elbow fractures and 1.5-4% of all
fractures (1-3). Most of the individuals who sustain this fracture are between 20-60 (mean 30-40)
years, with a male to female ratio of 1:1 (1, 2, 4, 5). Typically, these fractures are caused by a fall
on an outstretched arm with the elbow partially flexed and pronated. This results in transmission
of axial force from the hand through the wrist and forearm, causing an impaction of the radial
head against the capitellum. Though very rare, RHF can also be caused by direct blunt or
penetrating trauma (6-8).

One-third of the individuals who sustain RHF also have concurrent injuries to adjacent
bones (fractures of the capitellum, coronoid or proximal ulna) and/or ligaments (disruption of
lateral or medial collateral ligament or interosseous membrane) (2, 4, 9). Of these concurrent
injuries, posterior dislocation of the elbow and coronoid fractures are the most common (2, 4).
These associated injuries play a significant role in determining the treatment protocol as well as
prognosis of the RHF (4, 10-12).

Mason’s classification of radial head fracture has been the most extensively used, yet also
criticised, classification (1). The classification characterises a Type 1 injury as fissure or
marginal sector fractures without displacement; Type 2 as marginal sector fractures with
displacement; and Type 3 injury as communited fractures involving whole radial head (1). A
forth type was added by Johnston (13) as RHF associated with elbow dislocation. The biggest
criticism of the Mason’s classification of RHF was its inability to capture the associated injuries
and/or aid in planning management. Hotchkiss (14) then modified Mason’s classification to one
that was more treatment oriented. However, the limitation of not taking into account associated
ligamentous/osseous injuries remained. Recently, the Mayo group has proposed a classification
system to address this by adding a suffix to the fracture type to describe the associated lesion.
The suffix indicates the articular injury (¢ % coronoid, o Y% olecranon), along with the
ligamentous injury (1 % lateral collateral ligament, m “4 medial collateral ligament, d % distal
radioulnar joint) (11). The psychometric properties of the Mayo classification of RHF are yet to
be assessed (4).

Management of radial head fracture

Regardless of the complexity of the RHF, the goals of treatment include preserving full
range of elbow motion, restoring stability and maintaining the length of radius (15, 16). Isolated
and minimally displaced fractures are routinely managed non-surgically by closed reduction
followed by early mobilization (11, 16, 17). However, the surgeon enters a gray area when the
fracture is communited with more than 3 fragments and/or is complicated by associated injuries
(15, 18). The decision to resect, fix or replace is made intra-operatively by the surgeon based on
the pattern of the fracture (i.e. extent of communition, number of loose fragments and
displacement), bone quality and associated injuries (16).
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Historically, excision of the radial head was the preferred surgical option for complex
RHF (16, 19-21). However, it became less popular as concerns over its long term outcomes were
raised (5, 16, 19-21). Biomechanical and cadaveric studies indicated the importance of
preserving the radial head (14, 22-25). These studies, along with advancement in technology and
surgical techniques, led to an increase in number of open reduction and internal fixation (ORIF)
procedures done for complex RHF (12, 26-28). ORIF can yield good results when performed by
an experienced surgeon (9, 20). However, there are certain drawbacks to ORIF. First, the surgery
time for ORIF is longer. Second, it is technically more demanding on the surgeon. Moreover, the
hardware may have to be removed in the future (4, 26). Lastly, avascular necroses of radial head,
non-union and displacement of fractures have been reported to be associated with ORIF (12, 15,
26). In such cases, radial head arthroplasty (RHAP) provides a reasonable alternative unless
contraindicated by a patient’s general condition (17, 29). Overall, RHAP provides satisfactory
outcomes. It has shorter learning curves for the surgeons than ORIF and prevents future
complications of excision (15). In addition, RHAP also avoids the tenuous fracture fixation in
setting of associated injury where maintenance of joint stability would be compromised by
inefficient fracture fixation (30, 31).

Radial head arthroplasty (RHAP)

A variety of materials have been used in the fabrication of radial head implants including
silicone rubber, vitallium, copper, cobalt-chromium, titanium, and more recently pyrocarbon (15,
32). The use of silicone (33) was discontinued after its mechanical properties were found to be
inadequate to counteract the valgus and axial loading at the radiocapitellar joint (34, 35). Some
studies have reported implant fracture and inflammatory synovitis in the long term (36-38).
Conversely, metal implants were reported to be rigid and capable of withstanding the deforming
forces (38, 39). In order to replace the complex and highly variable radial head, two basic
conceptual designs evolved and are now most commonly used: (1) polished stem with
monopolar or modular head designed to act as a spacer, and (2) rigidly fixed stem with bipolar or
monopolar head (18, 40). Bipolar prostheses are as capable as the monoblock prostheses in
maintaining congruency of the radial head with the capitellum and sigmoid notch during the
elbow’s range of motion and restoring the valgus stability (18, 41, 42).

Many trials in the past have examined the outcomes of RHAP (43). Although individual
studies differ with respect to the design of implant and study setting, good to excellent outcomes
have been consistently achieved by the majority of the patients (43). Concerns over radiological
complication of periprosthetic lucency and aseptic loosening have been reported but they have
been asymptomatic in short to mid-term studies (43, 44). Long term follow up studies are
required to comment on it further.

Assessment of functional status post radial head arthroplasty

The International Classification if Functioning, Disability and Health, known more
commonly as ICF defines function as the physiological functions of body systems comprising
the physiological system (45). Impairments are the problems in the body structure and functions
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for example loss or significant deviation. Functional impairment is assessed in the clinical set up
by means of outcome measures (45). These outcome measures can be broadly divided into self
report/ patient reported questionnaires or performance measure. Previous literature has shown
that self report questionnaires are more accurate indicators of the level of impairment perceived
at an individual level (53).

The patient reported outcome assessment instruments used in patients with RHAP range
from instruments designed specifically for the elbow joint, to whole upper extremity or to both
upper and lower extremities (46). Table 1 summarises the patient reported outcome measure
instruments typically used for evaluation of RHAP and their respective psychometric properties.
Although considerable data exists regarding the functional outcome measures following shoulder
or elbow surgery, there is paucity of data available that is specific to patients with RHAP.

Acute post-operative pain as a predictor of functional outcome in individuals with RHAP

Pain is defined as “an unpleasant sensory and emotional experience associated with
actual or potential tissue damage, or described in terms of such damage” (47). Acute pain post
RHAP is usually a manifestation of tissue damage inflicted at the time of injury and surgery (48,
49). The location and severity of pain, along with other non-clinical factors have been proposed
as the risk factors for chronic pain and impairment after surgery (50-52). Previous research has
established the role of acute pain in the development of chronic pain (51); however, the
relationship between acute pain and chronic impairment has not been extensively studied.
Suboptimal functional outcomes post surgery can have many psychological and socioeconomic
implications ranging from emotional distress, catastrophizing, reduced productivity at work and
subsequent burden on the health care system (48, 52, 53). Acute post-operative pain can be
measured and managed within hours after surgery with the help of interdisciplinary teams.
Hence, if a relationship between acute post-surgical pain and chronic functional impairment is
found, it may assist healthcare professionals with in early identification of the patients at risk and
help them to design a treatment plan accordingly.

Thesis Rationale

When the literature was examined concerning the effectiveness of metallic RHAP, it was
found that substantial heterogeneity existed with respect to the type of setting and implant, study
design, patient population, outcome measures and follow up times, making it difficult to
determine the overall effectiveness of the procedure. Furthermore, since many of these studies
were retrospective, the possibility of bias is increased. Finally, the majority of the studies neither
considered factors that might mediate the outcomes nor adjusted for these in their analyses. This
makes it difficult to attribute differences across studies to identified differences in the studied
populations or procedures. Given these considerations, a systematic review of literature on
treatment effectiveness provides the best mechanism for describing the variation across studies
and synthesizing information to have a clear sense of the overall outcome.
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Previous outcomes research following surgical interventions has indicated that pain
experiences, either prior to surgery or in the early postoperative period, can indicate elevated risk
for future long term pain and functional problems (48, 51, 52). A number of non-modifiable
factors have been identified in literature to predict outcomes following arthroplasty of other
joints and include: age, gender, educational status and severity of injury (54-56). Conversely,
post-operative acute pain is a modifiable and quantifiable risk factor. If acute pain is found to be
related to suboptimal outcome post RHAP, the postoperative rehabilitation of these patients can
be modified to achieve better prognosis.

Assessing functional outcome and a better understanding of acute post-operative pain
may help to identify the long term risk factors associated with RHAP. Better understanding and
management of this pain may help to reduce the economic burden on the health care system
associated with joint replacements.

Thesis objectives

In summary, there has been major progress in the understanding of biomechanics,
biomaterials and implant designs along with the surgical technique of RHAP. These advances
combined with shorter surgical times, less complex surgical procedures and more favourable
outcomes over ORIF have made RHAP a reasonable alternative for an increasing number of
patients. The demand by younger and more active patients for this procedure is expected to rise
as the failure rates for this procedure diminish. Therefore, it is in the best interest of clinicians
and patients to evaluate the outcomes of RHAP for the management of complex RHF. Further, if
it can be demonstrated that the early postoperative pain experience can predict risk of chronic
pain then this should be taken into consideration in the postoperative rehabilitation. Thus the
objectives of the thesis were:

1. To examine the consistency of functional improvement following radial head arthroplasty
(Chapter 2).

2. To explore the relationship between acute post-surgical pain and functional outcomes at 2
years following radial head arthroplasty (Chapter 3)
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Table 1 — Patient reported functional outcome measures used in Radial Head Arthroplasty

. Outcome Anatqmlc Measures Dimensions- .Total Psychometrics Additional comments
instrument region score of the items
Most validated measure
Daily activities- 21 of Upper extremity
Disability of Symptoms- 5 Validated- Yes(58-62) functional status, higher
Arm, Shoulder Shoulder, Function Social Function-1 Test retest reliability (elbow):ICC=0.92(62) score equals poor
and Hand Arm and (Bilaterally) Work Function- 1 MCID=10-17(63) outcome. Frequently
Questionnaire Hand y Sleep- 1 Time taken by patient to complete = used as comparative
(DASH)(57) Confidence- 1 6min(64) standard in the design of
Total- 30 joint specific
instruments for UE(46)
Validated- Yes(62) Raw scores categorized
. . . as Excellent (90-100),
. High correlation with other elbow measures .
. . Pain- 45 . ) Good (75-89), Fair (60-
Mayo Elbow Pain, Motion, . (Broberg and Morrey, Hospital Scoring
- Motion- 20 ) . 74) and Poor (<60).
Performance stability and 1 System) and moderate correlation with .
Elbow X Stability- 10 . . Less training, low costs
Index Daily . Visual analgoue scale for pain(66)
. Functional tasks- 25 (46, 62). No strength or
(MEPI)(65) function MCID - 15 (elbow arthroplasty and o .
Total- 100 deformities are included
synovectomy)(67) .
Time to complete by patient-NR in the content of the
p yPp scale (62).
Pain- 35 Raw scores categorised
Broberg and Pain, Motion, Motion- 40 Validated- Yes (62) as Excellent (9 Sg— 100)
Morrey Elbow Elbow stability and Stability- 5 Time to complete by patient: NR(46) . .
Good (80-94), Fair (60-
Scale(68) Strength Strength- 20 MCID- NR(46)
79) and Poor (<60)
Total- 100
Elbow Pain, Pain - 30 Validated - Yes(69) Validated in
Functional Elbow Activities of ADL- 35 Reliability: ICC = >0.88(69) Rheumatoid arthritis.
Assessment Daily life, Motion- 35 MCID: not reported Not extensively used in
(EFA)(69) Motion Total - 100 Time to complete by patient - NR trauma population
American Elbow Pain, Pain - 6 Validated - Yes(71) Higher score indicates
Shoulder and function, Function - 12 Reliability: worse functioning; Not

6
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Elbow Surgery- satisfaction Satisfaction - 1 ICC=0.89 (range: 0.8-0.9)(71) been extensively used in
Elbow (ASES- Total-19 Time to complete patient section - 3 trauma population
e)(70) minutes(70)
MCID-NR
Patient Rated Pain, Pain - 5 s Vah(.lated - Yes Higher score indicates
. . . Reliability: Pain - ICC = 0.76-0.87, .
Elbow function, Specific activities -11 . worse functioning; Not
. Elbow e . Function - ICC = 0.6 - 0.88 . .
Evaluation specific Usual Activities - 4 . been extensively used in
... Test-retest reliability: ICC = 0.88 - 0.89(71) .
(PREE)(71) activities Total - 20 . trauma population
Time to complete — NR

Abbreviations: ICC, Intra class correlation coefficient; MCID, Minimally Clinical important difference; UE, Upper extremity; NR,

Not reported
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CHAPTER 2: STUDY ONE

Functional outcomes of radial head arthroplasty: Systematic review

The following paper has been formatted for submission in Journal of Shoulder and Elbow

Surgery.
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Abstract

Purpose: This study was conducted to determine the quality and content of research on the
functional outcomes post radial head arthroplasty (RHAP).

Methods: A comprehensive search of medical databases for English language studies reporting
on functional outcomes of patients undergoing metallic RHAP was conducted. Additional
relevant studies were identified through bibliographic review of all included studies and review
articles. Two reviewers evaluated each study to determine its eligibility for inclusion and data of
interest was recorded. The Structured Effectiveness Quality Evaluation Scale (SEQES) was used
to evaluate the quality of the studies. Rater agreement was determined. Data extraction on
functional outcomes was conducted; and a narrative synthesis performed.

Results: We identified 21, Sackett’s level IV studies reporting on 391 radial heads. The mean
duration of follow up was found to be 47.2 months, with mean age of patients between 48.4+6.9
years. The male to female ratio was found to be 1.05:1 and the dominant arm was involved in
54% of the patients. When the functional outcomes achieved post RHAP were compared to the
normative scores the comparison suggested that RHAP has good to excellent functional
outcomes in short to midterm follow up. The weighted mean Mayo elbow performance score
was 85.8+4.1 (95%CI, 85.3-86.3).

Conclusions: The heterogeneity of the type of implant, patient characteristic and outcome
measures used along with the inadequate reporting of details restrict definitive conclusions
regarding the effectiveness of RHAP is supported by weak scientific quality of evidence.
However evidence is consistent that high levels of function are obtained with this procedure.
There is no direct evidence on the superiority of one implant versus another. Well designed
prospective, randomised trials comparing different implant designs or alternative methods of
treatment (internal fixation) are required. There is also a need for better reporting standards in
RHAP.
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Background

Radial head arthroplasty (RHAP) has been performed in patients with communited radial
head fractures (Mason type 3/ 4) associated with bony and/or ligamentous injuries (1). The
development of radial head prosthesis began in 1950s as an alternative to resection (2). Although
Swanson’s silicone prosthesis gained some popularity initially (3-5), it was associated with long
term failure due to fracture of the implant and development of inflammatory synovitis (6-10),
causing substantial uncertainty with respect to the potential benefits of replacement surgery.

Biomechanical studies of the elbow joint complex and review of failed silicone implants
encouraged the development of more rigid metallic prosthesis with various modifications,
including monoblock to modular, monopolar to bipolar and cemented to uncemented stem
fixations available today (2). Although several case series have evaluated the benefits of a
particular type of implant, the relative benefits of one design or surgical technique over another
has not been evaluated in the literature. The purpose of this systematic review was to identify if
there are adequate objective data of effectiveness in literature to advocate for radial head
arthroplasty.

The focus of this systematic review was to obtain an estimate of the functional outcomes
of radial head arthroplasty, expected complications and radiological findings post RHAP as well
as to critically appraise the identified studies using a methodological scoring system.

Methodology

Search Strategy and Eligibility Criteria

A literature search of PubMed, OVID and EMBASE databases using the terms “radial
head” and “metal” and “arthroplasty” or “replacement” and “functional outcomes” was
conducted. No date limitations were applied to the search. The search was developed and
conducted by the author KM and was last updated in February 2012.

After the duplicates and non-English language studies were excluded, a manual reference
check of all retrieved studies and the recent reviews was performed to identify any additional
potentially relevant studies and complement the electronic search. We only included the articles
published in peer reviewed journals and excluded any conference abstracts or proceedings of
meeting, editorials, monographs, textbook chapters, letters to editor or case reports. For a study
to meet the inclusion criteria, the authors had to have reported on (1) primary metal radial head
replacement surgery, and (2) at least one functional outcome post radial head arthroplasty.
Studies that reported on revision arthroplasty were excluded; however studies in which all of the
patients were treated with delayed replacement of radial head were included in the review.
Literature reviews, cadaveric and biomechanical studies were excluded. Both of the reviewers
(MK and JMD) reached a consensus with respect to the studies that were included or excluded
prior to the data extraction. All clinical study designs were included in the review, including
randomised control trials, retrospective and prospective observational studies, and uncontrolled
case series. Secondary studies, if any, were not included in the review in order to avoid double
counting of the patients.
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Data extraction and quality appraisal

Information about the study sample, intervention, and outcomes was extracted by one
reviewer and checked for accuracy by a second reviewer. The quality of the studies was assessed
using the Structured Effectiveness Quality Evaluation Scale (SEQES) (11) (Appendix1) and
Sackett’s Level of Evidence (12)(Appendix 2). SEQES is a 24-item scale; where each item is
allocated a score between 0 (criterion not met) to 2 (criterion completely met). The first section
assesses if sufficient background information was provided to frame the study question. The next
section has seven questions that evaluate the study design with respect to nature of data
collection, randomisation of patients and presence of an independent evaluator. The third section
contains information pertaining to the enrollment and follow up of participants. The
comprehensiveness of information given on the interventions and outcomes is determined in the
fourth and fifth section of SEQES. The section on the statistical analyses consists of 5 questions
and is based on the appropriateness and reporting of the statistical tests performed. The
agreement of the conclusion with the objectives and results of the study was determined in the
last section based on one question. A higher score corresponds to a better quality of study. The
studies were classified independently by the two reviewers based on their overall score as low
(0-16), moderate (17-32) or high (33-48) quality studies (11). Any disparities in the final scores
between the two raters were identified, a consensus was reached by discussion and level of
agreement was calculated.

Statistical Analysis

The patient and treatment characteristics were summarised using descriptive statistics.
The data on the outcomes were pooled and confidence interval (95% CI) & weighted means
(weighted by sample size) were calculated across studies when possible. All the calculations
were performed using the SPSS software (version 20.0, Chicago, Illinois)

Results

We identified 21 studies that accounted for a total of 391 radial head implants published
between 1993 and 2012 for the quantitative synthesis in this review (Table 1). All included
studies that reported on the functional outcomes of RHAP were graded as Level 4 evidence (12)
(Table 2). The majority of the studies were published between 1990-2000 and 2006-2008
reflecting the time during which new implants were being designed and tested. As such, most of
these studies have reported on only short to medium term follow-up. Most of the studies were
done in Europe (13-22) (47.62%) and North America (23-28) (33.33%) followed by South East
Asia, predominantly China (29-31) (14.29%) and Australia (32) (4.76%). The implants used
varied in design with respect to their modularity and component mobility. The studies reviewed
included evaluation of the Judet (13-16, 18, 20, 21) 24.74% (96), EVOLVE (19, 24, 25, 28, 30)
23.45% (91), Titanium (26-28, 31, 32) 17.53% (68), Vitallium (17, 17, 23, 23, 29, 29) 13.66%
(53), Katalyst (33) (30) 7.73% and Link (18) (22) 4.64% prostheses. Shore et al. (28) did not
report on the distribution of the type of prosthesis reviewed, hence the study was not included in
this calculation.

There was a wide range of follow up duration, with a mean duration of 47.2 months (95%
CI, 34.7 — 59.8) (lower quartile, 30.85; median, 39; upper quartile, 57.6). The study by
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Harrington et al. (26) had the longest duration of follow up in the RHAP literature with a mean
follow up of 12.1 years (minimum, maximum: 6, 29 years). The patient recruitment rate of all the
studies included was greater than 90%. The mean age for the participants was 48.4 + 6.9_years
(95%CI, 45.4-51.4years). There were 185 male and 175 female participants with a male: female
ratio of 1.05:1. This male female ratio is consistent with the ratio reported in the literature (34).
There was most agreement that the indication for acute RHAP was complex radial head fractures
(Mason Type 3 & 4) along with concomitant elbow injuries that threatened the stability of the
elbow joint. Residual pain and stiffness from previous failed resection or internal fixation was
found to be the indication for delayed replacements. Less common indications included
traumatic elbow instability, previously failed excision or fixation, failed silicone replacement,
and non-union or mal-union. Contraindications that have been reported for the use of RHAP
include open fractures with risk of infection, chondral lesion or avascular necrosis of capitellum
and known allergy to metal used in the implant. The most common mechanism of injury was a
fall on outstretched hand (68.4%) followed by fall from height (>6 feet) (14%) and motor vehicle
accident (9.2%). There were a few direct injuries to the elbow (7.6%) and only 2 cases (0.8%) of
sports related injuries. The dominant hand was involved in 54.3% of participants in 13 (13-15,
17,19, 21, 23-29, 31, 32) studies that reported hand dominance.

The surgical technique was described in all the studies with posterolateral Kocher’s
approach being the most commonly used. The rationale for the size of radial head prosthesis was
given with respect to the specific type of implant. The protocol for postoperative rehabilitation
included immediate mobilization under the supervision of a hand therapist, within 1-2 days of
surgery, supplemented with an extension splint at night. Only 2 studies, Link(22) and
Katalyst(33) implants reported immobilisation for 7-10 days followed by supervised assisted
active range of motion exercises. The active and passive stretching and strengthening were
initiated within 6-8 weeks after the surgery depending on the type of initial injury and other
repairs around the elbow joint.

Range of motion (ROM) was documented in 20 out of 21 studies (except Brinkman et al.
(18)) and was measured either with a manual goniometer or the computerized NK hand
evaluation system. The exact procedure and reference point used were described in only 3 (20,
25, 28) of 20 studies. The weighted postoperative means for both elbow flexion and extension
and forearm rotation were calculated (Table 3). Greater restriction of ROM was seen in the Link
(22) and Katalyst (33) implant groups in the given duration of follow up.. Whether this
difference is attributable to specific implant, patient characteristics, or the longer immobilization
period post surgery needs to be further evaluated. We performed paired t-test to compare the
mean range of motion and found no statistical significant difference in acute and delayed group
for flexion (t(26)=3.25,p>0.001), extension (t(26)=1.26, p>0.001s), pronation (t(26) =
0.625,p>0.001) or supination (t(26)=-0.698, p>0.001).

Grip Strength was evaluated in 9 studies (14, 15, 19, 20, 25-29, 31, 32) using either the
hydraulic Jamar hand dynamometer or the computerized NK hand evaluation system (Table 4).
The decrease in grip strength on the involved side was 12.4% compared to the contra-lateral side.
Isometric strength was reported in 5 out of 21 studies (20, 25, 26, 28, 31) and greater average
loss was found in supination (19%) and pronation (15.5%) compared to flexion (13%) and
extension (14%). Where the non-dominant hand was involved, none of the studies adjusted for
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the normative difference in dominant and non-dominant hand. Muhm et al. (19) found no
significant difference in the grip strength in short term and mid-term follow up groups.

Stability of elbow joint post RHAP was evaluated in 13 out of 21 studies (13, 14, 17-22,
25-27, 29, 32) on the basis of clinical examination and radiographs. None of the studies reported
symptomatic valgus or postero-lateral instability and/or ulnohumeral subluxation. Knight et al.
(17) reported one patient with moderate valgus instability but that patient was asymptomatic at
mean follow up of 4.5 years.

Mayo elbow performance index (MEPI) is a clinician-based outcome measure that
evaluates pain, ulno-humeral motion, stability and ability to perform five functional tasks (35,
36). It was the most frequently used outcome measure, besides the Broberg and Morrey
Functional rating system (Table 5). The total MEPI scores can range from 5-100, with higher
scores reflecting better outcomes. The cumulative score can then categorised into 4 subsets of
poor (0-59), fair (60-74), good (75-89) and excellent (90-100). It has been validated for use in
elbow disorders (35, 37). Due to the considerable variability in the method of reporting, a raw
score or categorical ranking, the ability to compare results across different studies was limited.
The reporting of categorical rankings instead of raw scores would require additional evaluation
of the validity and interpretability with respect to other standardised measures.

The American Shoulder and Elbow Surgeons-Elbow Evaluation tool (ASES-e) (38) and
Patient Rated Elbow Evaluation (PREE) (39) were the other joint specific outcome measures.
ASES-e and PREE both allow patients report on their pain and level of functional impairment
and share a similar structure in that they address pain and function in separate subscales.
Excellent correlation (>0.90) has been reported in between ASES-e and PREE (40). The ASES
has a physician evaluation section that is used to examine physical impairments using a
standardized framework.

The disability of arm, shoulder and hand questionnaire (DASH) (41), a region specific
outcome measure was reported in 9 out of 21 studies (13-15, 19, 23-25, 29, 33) (Table 6). It
evaluates the symptoms, daily activities, sleep and social and work function based on 21
questions rated on a 0-4 Likert scale (41). The higher the DASH score, the greater the level of
functional impairment. It has demonstrated excellent psychometric properties in the evaluation of
elbow disorders and is the most frequently used outcome measure (35). Use of generic overall
health outcome measure (SF-36) was reported in only three studies (25, 27, 28). The SF36 (42)
can provide a comprehensive evaluation of quality of life post-surgery but can also be used to
rationalize poor outcomes in patients with unexplained causes.

Residual pain as an outcome measure post RHAP was reported in 16 out of 21 studies
(13-15, 17, 18, 20-22, 24-29, 32, 33). It was most commonly measured using a 0-10 visual
analogue scale (VAS) where 0 stands for no pain and 10 for worst pain ever, or with ASES-e
pain subscale. ASES-e pain subscale (38) estimates the intensity of pain based on pain level at
night, at rest, when at worst, lifting heavy objects and repetitive elbow movements. Hence, it
evaluates the effect of pain on activities of daily living of an individual. One of the reasons for
not using a separate pain outcome measure could be that the level of pain intensity measurement
is closely integrated in the total raw scores of MEPI and Broberg and Morrey rating system. The
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individual scores on pain subscale are more valid rather than the aggregate score due to lack of
evidence suggesting concordance between pain score of MEPI or BAM and the VAS pain (43).
Overall, the pain level improved post RHAP, with only 9% of participants requiring analgesics
on a regular basis. Only 7 cases of wrist pain were reported and it was not associated with
radiological evidence of altered ulnar variance (21, 29, 32). In 8 out of 21 studies (13, 19, 21, 22,
25, 29, 32, 33) that reported on patient satisfaction, the outcome was found to be satisfactory (13,
19, 21, 22, 25, 29, 32). It was either measured with a 0-10 visual analogue scale or with ASES-e
satisfaction subscale. Wretenberg et al. devised their own satisfaction scale (22).

All of the studies reported radiographic evaluation of RHAP. Most of the studies assessed
the presence of peri-prosthetic lucencies, heterotrophic ossification, capitellar erosions or
sclerosis and post-traumatic degenerative changes. Significant heterogeneity was found in the
classification used for radiolucent lines and the definition of what might be a significant
radiological change was not identical across the studies. Evidence of peri-prosthetic loosening
and capitellar erosions has been reported with both monoblock and bipolar prosthesis (14, 20,
22). One of the hypotheses might be that the surface area of metal prosthesis is approximately
1/3" of the native radial head. Hence, excessive loads might be experienced at the radiocapitellar
joint with the relatively loose fit of the prosthesis (44, 45). Moreover, silent osteolysis is a well
known phenomenon due to the polyethylene wear causing macrophage reaction to the debris.
However, this is process occurs over a substantial duration of time and symptoms are not
experienced until significant bone loss is apparent (21, 46). Consequently, none of the patients in
the review reported symptomatic periprosthetic loosening or implant failure.

Superficial wound infections were reported in 3 out of 391 cases and all resolved
completely with oral antibiotics (27, 32). Deep infection was reported in one case of an
individual who had the implant removed due to associated contracture (24). Transient
neuropathy of ulnar nerve and posterior inter-osseous nerves were most commonly reported
neurological complications. In majority of the cases, these symptoms resolved spontaneously
with no residual disability. There were only two reported cases where transposition of the ulnar
nerve was required (23, 28). In spite of the prevalence of the neurological complications they
were inconsistently reported on clinical examination. None of the studies provided survivorship
analysis. In this study, we found the incidence of implant removal (3.06%) and revision (2.22%)
to be low. This could indicate a high success rate or could be attributed to the deficient reporting
of the revision rates.

Discussion

Increased understanding of elbow complex biomechanics and the importance of the radial
head in elbow function has led to tremendous progress in the design of the metallic radial head
implant over the last decade (47). As most of the patients who need radial head replacement are
in the working age group of 20-60_years (35, 48), it is really important to assess the long-term
functional outcomes of this surgery. However, previously this has not been adequately analysed
in the literature. Hence, in this study we report the results of the systematic review of functional
outcomes of patients with metal radial head arthroplasty.

The strengths of this systematic review include that a defined systematic review process
was used including a structured critical appraisal. However, some bias may have been introduced
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by restricting to studies published in English language and in peer reviewed journals. The
possibility of rejecting relevant reports by significantly reduced by having two investigators
review all studies for inclusion using criteria agreed to by the two investigators prior to
extracting the data and reporting on the study quality. The quality of the studies was assessed
using the SEQUES (11) tool; this allows the reader to easily compare the total score with max
possible score of 48 points to gain a impression of the study quality.

One of the key features of the study included the heterogeneity of the literature with
respect to patient characteristics, type of implant, surgical procedures, outcome measures, follow
up times and the lack of an independent evaluator. These factors, combined with the absence of
any comparison groups (ORIF/excision/implant designs), limited our ability to perform any
meta-analyses that would explain any observed pattern of results or sources of disagreements
between the findings. As a result, we were unable to assess superiority of any implant design,
surgical technique or post-operative rehabilitation protocol over another. Although we are aware
of the word limitations imposed by many peer reviewed journals, the key data elements
(methodology, baseline patient information, performance &/or self report outcome measures,
radiological outcome and complications) were not reported in a few studies, either in the original
article or in the appendix. We did not make any attempt to contact the authors to retrieve any
additional information that might be missing in the original article.

Despite the fact that range of motion and strength (isometric and grip) were reported in
most of the studies, the style of reporting varied wherein actual value, percent loss or a range was
given. Pain and level of satisfaction were not assessed using meticulous and validated methods.
The fracture classification system varied and so did the definition of radiographic variables.
When the authors used a self-report measure to assess the impact of the surgery on the functional
status of the patient, the inability to standardise the categorical rating limited the comparison of
outcomes (i.e. good in one was excellent in another) across different studies.

Only a handful of studies collected data prospectively and reported the results at more
than one time point. Only one study included multivariate analyses (25) as a result of which the
interaction between the patient characteristics and the outcome of the surgery could not be
evaluated. Uncertainty persists with respect to the impact of particular factors that may have led
to improvement in the post-operative outcome. Similarly, the morbidity and complications data
were occasionally reported but these were rarely attributed to any specific patient characteristic.

Also, at present the estimated failure rate of RHAP is very imprecise. Due to lack of
standardized reporting of complications and revision rates, it was possible that some
complications might have been missed as the care may have occurred at a different centre.
However, RHAP is mostly performed in specialized hand centres so this source of error is likely
very small. Without regular follow up not all complications or implant failures may be detected;
further not all unsatisfied patients undergo revision surgeries. Data on missing patients was
reported in very few studies and when reported, its effects or reasons were not given. These
factors could contribute to the under-estimation of the rate of failure. Failure is also time
dependent and considering the mean follow up of 3.9 years in this review, the results have to be
approached with caution.
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Overall, the scientific quality of evidence was found to be weak to support the superior
outcomes of RHAP with any specific implant for particular patients. However, this study
significantly adds to the evidence by appraising the available studies and providing approximate
estimates of prognosis. It highlights the shortage of well designed prospective, randomised,
multi-centric trials and the need for better reporting standards in radial head arthroplasty.

Future trials must involve meticulously planned studies with prospective, multi-centric
data collection using validated outcome measures. Efforts must be made to minimize patient
attrition and to follow all the patients enrolled in the beginning of the trial. Authors must pay
particular attention to include surgical and implant details along with patient’s baseline
characteristics including the co-morbidities, occupational and education level and socioeconomic
status. An independent evaluator/s must be trained to collect the data, even if it is across different
settings. Loss to follow up information must be reported along with suitable analyses to account
for its effect. Statistical analyses must be conducted with sufficient power to examine the effect
of patient characteristics on the outcomes of radial head arthroplasty.

Conclusion

Given the lack of high quality studies on outcomes of metal radial head arthroplasty, it is
ambitious to make any definitive conclusions. However, the available evidence suggests that
RHAP may be a reasonable treatment option for patients with complex radial head fractures in
short to mid-term follow up.
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Table 1- Summary of study and patient characteristics

McMaster Rehabilitation Science

Author Publication Prosthesis Years of Duration of follow No. of Age (vears) Gender
year investigation up in months Radial heads gely Male | Female
AShVZ&’Od 1 004 Titanium 1996-2001 | 33.6 (14.4 - 51.6) 16 45 (21-72) 8 8
Brg:l:fan 2005 Judet 1999-2003 24 (12 - 48) 11 43 (26-61) 8 3
Burkaﬁa“ et 2010 Judet 1997-2001 106 (78 - 139) 17 44.1 (25-60) | 14 3
Celli et al. 2010 Judet 2000-2007 | 41.7 (12.3 - 86.3) 16 46.1 (27-74) | 11 5
A- 50 (19-
Chapman et o A- 30(24-44) A- 8 83) |A-5| A-3
al, 2006 Vitallium 1996-2000 D- 37(23-51) D- 8 D- 50 (40- | D-4 | D-4
82)
Chien et al. 2010 EVOLVE 2002-2008 38.3 (20-70) 13 37 (16-63) 9 4
Dogt“:l'ferg 2007 EVOLVE NA 40 (24-55) 27 52 (22-71) 13 14
Dotzisetal. | 2006 Judet 1992-2003 63 (12- 144) 14 44.8(18-85) | 10 4
Gregal et 2006 EVOLVE 1999-2003 24.5 (12-48) 26 54 (31-80) 9 17
Hagt“;lgton 2000 Titanium 1961 - 1990 | 145.2 (72-348) 20 46 (21-75) 7 13
A- 434 (25- | A-2
A- 49(24-65) 63) D| A-3
Judet et al. 1996 Judet 1988- 1995 D- 43(24-72) 12 D-32.7 _ D- 3
(18-54) 4
Kmaglht et 1993 Vitallium NA 54 (24- 96) 31 57 (21-83) 12 19
Lim et al. 2008 Vitallium 2001-2005 29.7(13-54) 6 53.3 (21-75) 2 4
Moro et al. 2001 Titanium NA 39 (26-58) 25 54 (27-84) 11 13
ST- 58 (22-81) | ST- 4
ST- 19.2 (12-27) ST- 10 ST- 6
Muhm et al 2011 EVOLVE 20012009 | VT e sey | w1 | MT- 58?1.)5 (39- MST MT. 7
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POP‘;KiC 1 2000 Judet 1994-1996 32 (24-56) 11 527 (22-68) | 6 5
Shoreetal. | 2008 | Titanium/EVOLVE | 1993-2004 96 (24-168) 32 54.1(32.93) | 13 19
Smetsetal. | 2000 Judet 1995-1999 25.2 (5-48) 15 46.4 (20-64) | 6 9
Wreette:ferg 2006 Link 1994-200 44.4 (12- 84) 18 52 (29-82) 11 7
Zhao et al. 2007 Titanium 2003-2004 23.7(18-31) 10 38 (26-54) 8 2
Z“n;fzr izl o012 Katalyst 2004-2006 34 (24-48) 30 NA NA | NA
484 *6.
i 4&? ;;4'279._85(992')7" 391 (95;;5(:11.,4 4)165.94 -] 185 175
Range: 19.2-145.2 M:F = 1.05:1

Table 1, Abbreviations: A, acute group; D, Delayed group; ST, short term group; MT, Mid term group; NA, not available; CI,
confidence intervals; M, male; F, female
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McMaster Rehabilitation Science

Table 2: Study quality of the included studies based on SEQES criteria

Author Study Study Design Subjects Intervention | Outcomes Analysis Reco. | Total | % of

Q. Total

score
1 4 6|7 10|11 1213 |14 (15|16 |17 18|19 20|21 |22 |23 24

Ashwood et 1 0 1 1y 1] 22} 1] 0 1] 1] 1 0] 0 0 1] 1 1 18 37.5
al.
Brinkman 1 1(1(0|1]1 1y 1] 22} 1] 0 1] 1) 1 0] 0 0 1] 1 2 22 45.8
et al.
Burkhart et 2 0(0(0|1]1 1y 1| 22} 1] 0 2| 1| 1} 1] 1] 0] 1] 2 2 23 479
al.
Celli et al. 1 0(0(0(|1]|1 1] 1] 2 {0} 2 11| 1) 0] 0] 1| 2 2 22 45.8
Chapman et 2 0(1]1 1) 2] 2 2] 1] 0 2] 1] 2| 2 1] 1] 2 2 27 56.3
al.
Chien et al. 1 0(0(0f1]|1 20 1) 2] 21 1] 0 1{ 1] 0 0] O 1] 1 2 19 39.6
Doornberg 1 0111 1] 1| 2 1 0 21 1] 1] 0 0| 1] 2 2 20 41.7
et al.
Dotzis et al. 2 0(0(0|1]1 1 2|1 2 O 2| 1| 0] O O O 1| 2 2 20 41.7
Grewal et 2 212|011 21 2] 2 20 0 2| 1| 2 2 2] 2| 1| 2 2 37 77.1
al.
Harrington 2 0(0(0|1]1 1y 1| 22} 1] 0 1] 1) 1} 0] 0 0 1] 2 2 20 41.7
et al.
Judet et al. 2 0(0f1]1 1] 1] 2 {0} 1| 1 1] 0 O] O] 1| 2 1 20 41.7
Knight et 2 0 0(1]1 1) 2| 22} 1] 0 1] 0] 1| O 0} 1] 2 2 22 45.8
al.
Lim et al. 2 0(0(0f1]1 1y 22210 2] 1] 1} 0] 0 0 1] 2 2 22 45.8
Moro et al. 2 0(1]1 1] 2] 2 1| 0 1 2 20 1] 2 2 30 62.5
Muhm et 0(0(0|1]1 2| 2 1{ 0] 2 1|0 21 1] 2 27 56.3
al.
Popovic et 2 21210111 1) 2 22 1] 02| 1] 1] 0] 0 0 1] 2 2 26 54.2
al.
Shore et al. 2 0(0(0f1]|1 2020 212010 20 1) 1| 2} 2| 1| 1] 2 2 28 58.3
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McMaster Rehabilitation Science

Smets et al. 210(0]10(|0]11|1 11 0 1 1 1 17 354
Wretenberg 110]0(0]0]1 |1 10 1 1) 1] 0] O 17 35.4
et al.
Zhao et al. 1100|0011 11 0 1 1 0 18 37.5
Zunkiewicz 21010121011 11 0 2] 1 1| 2| 1 30 62.5
et al.

Abbreviations: Reco., Recommendations
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Table 3: Elbow range of motion

McMaster Rehabilitation Science

Range of motion

Implant
Flexion Extension Pronation Supination
Vitallium 143.3+ 10.8 (139.9- 18.2 £4.1 (16.9- 70.9 £12.1 (67.3- 72.1£9.2 (69.4 -
146.5) 19.4) 74.5) 74.9)
Titanium 1379 £ 11.3 (135.2- 17.8+£9.6 (15.1- 77.4 £2.18 (76.8- 71.4£5.7 (70 -
140.7) 20.5) 77.9) 72.8)
Tudet 131.54 £4.8 (130.5- 16.2+ 3.3 (15.3- 72.4+£10.6 (70.1- | 74.0£10.9 (71.6 -
" 132.58) 17.1) 74.7) 76.3)
129.3 £5.7 (128.3- 70.6 £ 5.1 (69.7 - 62.7+8.3(61.2 -
EVOLVE 130.4) 17.2+5.9 (16.1-18.4) 71.6) 64.3)
Katalyst 126 NA 69 74
Link 125 NA 80 75

(Values given are weighted means as per the sample size; values in bracket indicate 95% confidence interval)

Abbreviations: NA, not available
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Table 4: Elbow strength

Author Prosthesis Strength Measured Impairment
Parameter
ASh\Zi)Od et Grip Strength Jamar Dynamomter Reduced by 12%
Grip Strength Dynamometer Reduced by 10%
_ Flexion by 10%
Harrn;lgton et Isometric NA Extension by 13%
' strength Pronation by 13%
Supination by 19%
Titanium . NK hand
Moro et al. Grip Strength Evaluation System Reduced by 18%
Isometric LIDO work set Pronation by 17%
Zhao et al. strength
Supination by 18%
Grip Strength NK. hand Significantly reduced
Evaluation System
Shore et al. Tsometric
Strength LIDO work set Significantly reduced
Burkhart et al. Grip Strength Jamar Dynamomter Reduced by 8%
Dotzis et al. Judet Grip Strength Jamar Dynamomter Reduced by 10%
) Isometric . . . .
Popovic et al. strength Simple tensiometer | Mild loss (25% of patients)
Reduced by 10% .only
Lim et al. Vitallium Grip Strength significant in 2 patients -57%
and 75%
. NK hand
Grip Strength Evaluation System 14%
Flexion by 20%
Grewal et al. Isometric Extension by 19%
LIDO work set -
strength Pronation by 22%
EVOLVE Supination by 28%
Muhm et al. Grip strength Jamar Dynamomter Reduced by 15%
Grip Strength NK. hand Significantly reduced
Evaluation System
Shore et al. Tsometric
LIDO work set Significantly reduced
strength

Abbreviations: NA, not available
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Table 5: Patient reported functional outcome post RHAP

McMaster Rehabilitation Science

Follow up (in

Author months) Outcome measure Mean Score Excellent Good Fair Poor
Ashwood etal. | 33.6 (14.4 - 51.6) 87 (65-100) 50% 31.3% 18.8% 0
Burkhart et al. 106 (78 - 139) 90.83 (74-100) 353% 58.8% 5.9%

Celli et al. 41.7 (12.3 - 86.3) 89.4(50-100) 75% 12.5% 12.5%
Chaoman ot al A- 30(24-44) A - 90 +11.02(75-100) A- 50% A- 50% D-
P ' D- 37(23-51) D - 83.75+11.88 (60-100) D-25% D- 62.5% 12.5%
Chien et al. 38.3 (20-70) 86.92+13.77 (60-100) 61.5% 23.1% 15.9%
Doornberg et Mayo Elbow
o 40 (24-55) Performance Index 85 (30-100) 48.2% 33.3% 11.1% | 7.4%
Dotzis et al. 63 (12- 144) geéﬂ“id(g’;;‘g NA 42.9% 28.6% 71% | 7.1%
Grewal et al. 24.5 (12-48) 85586 3)" : 80.5£16.7 (9-100) 50% 16.6% 25% | 8.3%
Moro et al. 39 (26-58) o 80.36 £16.4 (42-100) 24% 44% 20% 12%
Shore et al. 96 (24-168) 8319 (32-100) 53.1% 12.5% 21.9% | 12.5%
Smets et al. 25.2 (5-48) 85 % 15.7 (50-100) 46.7% 20% 20% | 13.3%
Zhao et al. 23.7(18-31) NA 50% 40% 10%
Aunkiewicr et 34 (24-48) 92.1 (65-100)
Hamngton et | 1452 (72-348) 88 (67-100) 60% 20% 10% | 10%
: Broberg and
Judet et al. Di-l;(féf;;)@) Morrey System NA 25% 58.33% 16.7%
Lim etal, 29.7(13-54) Weighted mean = |78 4217.13(48.5-100) 16.1% 50% 16.7% | 16.7%
ST-19.2 (12-27) s ST-823 ST - 80%
Muhmetal. | yro612 (36-86) | P2%CL842-860) MT - 85.2 MT- 66.6%
Popovic et al. 32 (24-56) NA 36.4% 36.4% 182% | 9.1%
Elbow functional
Brinkman et Assessment NA >4-3% 45.5%
| 24 (12 - 48) JVT T
al narew BIbow NA 72.7% 27.3%
Score

Abbreviations: NA, not available; A, acute group; D, delayed group; ST, short term group; MT, midterm group
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Table 6: Patient reported functional outcome- DASH

McMaster Rehabilitation Science

Author Prosthesis Mean Dash Score
A - 24.18 £22.02(5.8-71)
Chapman et al. Vitallium D- 30.58 +20.28 (12.5-75)
Lim et al. 13.62 + 5.56 (0-65)
Burkhart et al. Jud 9.8(0-34)
Celli et al. udet 11.4(0-36.61)
Dotzis et al. 23.9 (0-65.8)
Doornberg et al. 17(0-82)
Grewal et al. EVOLVE 24 .4 J_rs F2rl 421 7((;—59.2)
Muhm et al. MT- 24.9
Zunkiewicz et al. Katalyst 13.8 (0-52.5)

Overall

Weighted mean = 18.1 + 5.9 (95%CI, 17.1 — 18.9)

Abbreviations: A, acute group; D, delayed group; ST, short term group; MT, midterm group; CI,

confidence interval
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Table 7: Complications post Radial head arthroplasty

McMaster Rehabilitation Science

Revision Complex
. Removal surgery Neurologic Periprosthetic | Heterotrophic | Degenerative | Capitellar regional
Prosthesis .S e - . .
of Implant | related to complications lucency Ossification changes erosion pain

implant syndrome

Titanium | 4 (5.88%) 0 (0%) 4 (5.88%) 34 (50.00%) 17 (25.0%) 14 (20.58%) | 18 (26.47%) | 2 (2.94%)

Judet 0 (0%) 3 (3.12%) 3 (3.12%) 1 (1.04%) 18 (18.75%) | 13 (13.54%) | 6 (6.25%) 1 (1.04%)
Vitallium | 2 (3.77%) 2(3.77%) 4 (7.55%) 14 (26.42%) 4 (7.55%) 9 (16.98%) 5(9.43%) 0 (0%)

EVOLVE 0 (0%) 1 (1.09%) 6 (6.59%) 51(56.04%) | 43 (47.25%) | 39 (42.85% | 18 (19.78%) | 1 (1.09%)
Link 5(27.78) 0 (0%) 0 (0%) 7 (38.89%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Katalyst 0 (0%) 2 (6.67%) 0 (0%) 24 (80%) 13 (43.33%) | 22 (73.33%) 0 (0%) 0 (0%)

Ol\{/zizu 11 (3.06%) | 8 (2.22%) 17 (4.73%) | 131 (36.49%) | 95 (26.46%) | 97 (27.02%) |47 (13.09%) | 4 (1.11%)

Note that Shore et al. is not included in the above table due to confusion over EVOLVE and Titanium
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Figure 1: PRISMA flow diagram for study selection
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CHAPTER 3: STUDY TWO

Acute post-operative pain predicts functional outcome post radial head arthroplasty

The following paper has been formatted for submission to Journal of Shoulder and Elbow
Surgery.
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Abstract
Purpose

The purpose of this study was to explore the role of acute pain immediately after surgery in
predicting chronic functional impairment (CFI) at 2 years post radial head arthroplasty (RHAP).

Methods

We examined acute post operative pain and functional status at 2 years in 59 patients aged 51.1
years (21-82 years) who underwent radial head arthroplasty (RHAP) with EVOLVE prosthesis.
Pain was evaluated by American Shoulder and Elbow Surgeon- Elbow (ASES-e) pain subscale.
The functional status at 2 years post surgery was assessed with Disability of Arm Shoulder and
Hand questionnaire (DASH). Both the evaluations were conducted by an observer who was
independent of surgical care. Regression analyses were conducted to explore the role of acute
pain in the functional status at 2 years. Receiver operating curve (ROC) analyses were carried
out to assess the discriminative power of acute pain in functional status at 2 years of RHAP.

Results
Acute pain post RHAP was found to be a significant predictor of functional status of 2 years post
surgery. The ROC analyses showed that a cut off score of >32/50 on ASES-e pain subscale has
fair predictive ability (area under the curve, 0.7) to determine the suboptimal outcome post
RHAP.

Conclusion

Patients with ASES-e pain subscale score of > 32/50 were found to be more likely to have
chronic functional impairment at 2 years post RHAP. Prospective, multi-centric trials with large
sample size are required to validate the findings in future.
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Background

Radial head fractures (RHF) are the most commonly encountered type of elbow fractures
(1). These fractures can occur in isolation or be coupled with other bony or ligamentous injuries
(2,3). Radial head arthroplasty (RHAP) is indicated as the treatment of radial head or neck
fractures when communition prohibits the stable internal fixation of an unstable forearm or
elbow (4). Radial head resection has been proposed as alternate management option for
communited RHF; however, it may be associated with delayed complications including reduced
strength, persistent pain and instability, increased ulnar variance, and ulnohumeral osteoarthrosis
(4-7). Moreover, when lateral ulnar collateral ligament complex injury and possible interosseous
membrane injury is suspected, radial head excision is at best avoided (4). In such scenario,
RHAP is a reliable management option to restore radiocapitellar contact, which serves as an
important stabilizer of elbow and forearm articulations (4,8).

When clinicians and patients need to make decisions about different orthopedic surgery
options, prognosis for functional recovery is an important element of the informed consent and
shared decision-making process. Many patients who undergo RHAP recover without any
complications and resume their normal daily activities within weeks of surgery (9). However,
chronic functional impairment (CFI) develops in a striking proportion of patients (10). Clinicians
would prefer to identify factors that contribute to greater long-term functional impairment so that
they might provide a more accurate prognosis; and in some cases alter the management plan. The
ability to do this accurately is limited by the nature of the existing evidence which mainly
includes small samples and short to mid-term follow-up.

It is a well known fact that chronic pain is one of the most common reasons for seeking
medical attention (11). However, CFl may manifest itself in the form of modifications of
task/environment to continue the activities of daily living and hence medical attention is not
sought until it is seriously disabling. In the long term, CFI can lead to depression,
catastrophizing, reduced self esteem and efficacy, and lost hours of work (12-16) all adding up to
increased financial burden on the healthcare and the nation’s economy. Therefore, early
identification is an important component to management.

Previous studies have identified that age (17), income (17), educational level (18), co-
morbidity (18-20) and extent of initial injury (21) are associated with an increased risk of poor
functional outcomes post upper limb surgeries. These factors are beyond the control of patient or
the healthcare professional. Therefore, they can be used to provide a more accurate prognosis;
but are not modifiable as a means of reducing the risk. Acute post operative pain has been
proposed as one of the factors that are predictive of chronic pain and disability post surgery (22-
24). Acute post operative pain can be assessed in the immediate post operative period when the
patient is still in the recovery phase with the help of self report measures. This provides a
window of opportunity to alter the management plan and potentially improve outcomes.

The purpose of this study was to explore extent to which acute post surgical pain is

predictive of development of CFI in patients with RHAP. We hypothesized that acute pain
immediately after RHAP surgery will be able to predict CFI at 2 years post RHAP. Our
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secondary purpose was to determine a cut-off score for acute pain that will help us in classifying
the patients into high and low risk groups for developing CFI post RHAP at two years.

Methodology
Subjects

A cohort of patients with unreconstructible, communited fracture of radial head treated
with EVOLVE metal prosthesis (EVOLVE; Wright Medical Technology, Arlington, Tennessee)
from the Hand and Upper Limb Centre (HULC), London, Ontario, Canada between June 2000
and April 2010 were prospectively enrolled. All the participants were skeletally mature and
presented with traumatic, acute complex RHF and associated elbow injuries. Patients with RHF
that was more than 4 weeks old were excluded, along with patients in whom RHAP was being
performed as a secondary or salvage procedure. Subsequent to the surgery, all the patients
underwent a tailor made post-operative rehabilitation program supervised by a hand therapist.

Patients completed a baseline questionnaire that included information regarding age,
gender, educational and occupational status, co-morbidities and self report questionnaires
immediately after surgery and at 2 years. All the assessments were administered by an
independent evaluator. Ethics approval for the study was obtained from the institutional review
board.

Assessment of functional status

The Disability of Arm, Shoulder and Hand (DASH) (30) questionnaire (Appendix 3) was
used to measure region-specific disability in the study. DASH is the most commonly used
composite function evaluation tool in patients with upper extremity musculoskeletal conditions
and has been repeatedly included in the assessment of elbow injury patients. It consists of 30
core questions of which 21 assess difficulty with specific tasks, 5 assess symptoms and one each
assess social function, work function, sleep and confidence (26,31). Each item is scored in a 5
point numeric rating scale where 1 corresponds to no difficulty, 2 to mild difficulty, 3 to
moderate difficulty, 4 to severe difficulty and 5 to unable to perform the task (31,32)._The
cumulative DASH score is from 0 to 100 where 0 indicates lower disability (33). The validity of
DASH in patients with elbow injuries has been examined in the literature (33,34). The test retest
reliability of DASH has shown to be exceptionally high (ICC=0.92) for elbow disorders (35).

Pain assessment

We used pain subscale of American Shoulder and Elbow Surgeons Elbow Evaluation
instrument (ASES-e) (25) (Appendix 4) to determine the influence of pain on the patient’s
activities of daily living. The patients rated their pain intensity on five items, 1) when is it at
worst, 2) at rest, 3) lifting a heavy object, 4) when doing a task with repeated elbow movements
and 5) at night on a 0-10 numeric rating scale where 0 stands for no pain and 10 for worst pain
ever. These responses were then added for a total pain score ranging from 0-50 where higher
score indicates higher pain (26-29). The ASES-e pain subscale was chosen because it provided
an estimate of the pain intensity along with its influence on the elbow function (27). Also, it is
easy to administer and requires minimal training (28). The pain subscale has been found to have
good construct validity and reliability although minimal clinically important difference has not
yet been reported in literature (28,29)
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Included variables

We included participants who were followed up for minimum of 2 years from surgery
and had no missing data. We extracted data concerning demographics, ASES-e pain subscale
score at baseline and DASH score at two years for all the included patients. Previous studies
have identify poor functional outcomes of RHAP being related to age (36) and the arm injury
being a related to worker’s compensation board (WCB) claim (37). Hence, we chose to include
these two variables in addition to acute post surgical pain in our analyses.

Statistical Analysis

Descriptive statistics were calculated for all independent variables and DASH at 2 years.
Bivariate relationships were calculated between the baseline variables and two year DASH score.
The independent variables included, (1) baseline ASES pain score, (2) age, and (3) if the injury
to the affected arm was related to work place accident and the patient has WCB claim for the
injury. The dependent variable was the total score of DASH at 2 years of RHAP. Pearson’s
correlation coefficients were used to determine the relationship between age, baseline ASES pain
score and WCB status.

The ability of the independent variables to predict the dependent variable was determined
using regression. Stepwise regression models were built sequentially was used to test the effect
of variables the 2 yr DASH score. The first model included only age. The second included age
and WCB status. In the final model, baseline ASES pain score was added to the second model.
With each progressive model in regression analyses, the significance of change in the resultant
R’ value was analysed with F-test.

A suboptimal outcome on the DASH score was defined as >20/100 at 2 years follow up.
There have been no reports of the optimal cut off for poor outcome on DASH post RHAP but the
DASH score ranging from 11-17/100 has been defined normative value for the population with
upper limb injuries (38,39). Previous studies have used DASH score of 20 to signify functional
impairment post distal radial fractures (40). Hence, we chose 20/100 as the cut off for optimal
outcome of DASH. This would mean that any patient with a score of DASH >20/100 would
signify that functional impairment being present. A receiver operating curve (ROC) analyses
was used to determine the optimal cut-off of the ASES pain score that best differentiated good
versus suboptimal functional outcome in RHAP as determined by the dichotomized DASH rating
(i.e. >20/100). The optimal cut-off value was defined as the ASES pain score that jointly
maximized sensitivity and specificity for predicting the 2-year DASH score.

Positive and negative likelihood ratios were calculated based on the cut off score. The
area under the curve (AUC) value was used to determine the accuracy of the acute post surgical
pain in predicting the function. The AUC value was interpreted as: AUC = 0.5 is no
discrimination, 0.7< AUC <0.8 is acceptable discrimination, 0.8 < AUC < 0.9 is excellent and
AUC > 0.9 is outstanding discrimination.

All the analyses were performed using SPSS software for Windows (v. 20.0; SPSS Inc.,
Chicago, IL, USA). An alpha level of 0.05 (two tailed) was used to determine significance.
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Results

Data from a total of 59 patients who had complete data at baseline and at 2 year of follow
up post RHAP were included in the study. The baseline characteristics of the patients are
summarised in Table 1. None of the baseline variables exhibit is a bivariate association to the 2
year DASH score.

No significant correlations were found between any of the independent variables used in
the regression analyses (p>0.05) (Table 2). The regression models that included age (f= -0.198,
p>0.05) and WCB (B= -0.190, p>0.05) status were unable to explain or lacked predictability for
the DASH score at 2 years. Inclusion of baseline pain levels caused a significant change
(p<0.001) in the R? value of the predictor model for functional outcome at 2 year post radial head
arthroplasty. The final model accounted for 24.4% of variance in the 2 year DASH score (Table
3)

The ROC curve demonstrating the sensitivity and specificity values for range of ASES-e
pain scores for predicting CFI post RHAP at 2 years is illustrated in Figure 1. A score of 31.5/50
on ASES-e pain immediately post RHAP surgery had the best combination of sensitivity and
specificity, i.e., 76% and 61% respectively. The area under the curve (AUC) was .70 (95% Cl,
0.55-0.85) indicating that acute pain in the immediate post operative period was fairly predictive
of CFI at two years of RHAP. The positive and negative predictive values were 0.45 (95% CI,
0.27 - 0.64) and 0.87 (95% C1, 0.68 — 0.96) respectively (Table 4).

Discussion

The results of this study indicate that a baseline pain measure can be fairly discriminative
in differentiating those with/without chronic functional impairment at two years following
RHAP. Patients who exceeded 32/50 on the ASES at baseline were 1.6 times more likely to have
suboptimal outcomes. The results of this study are preliminary because the sample size is
relatively small and this cut off would need to be cross validated in future studies.

We did not find that age or workers compensation status affected final DASH scores;
whereas the addition of the baseline pain score contributed 24% (R?=0.244, p<0.001) of variance
in the final regression model. This could be interpreted to suggest that the effects of baseline pain
are important; and not modified by age or workers compensation status. However, since 76%
variability in functional outcomes was not explained in these models, clearly a variety of
additional clinical and non-clinical factors must be contributing to the outcomes of surgery.
Although the regression model is informative by itself, it may be simpler for clinicians to
understand and communicate the relative risk associated with having high baseline pain. Hence
the finding that relative risk allows for the clinicians to communicate to patients that if they
exceed this threshold they are 1.6 times more likely to have functional problems at two years. In
clinical practice, however, it is unclear whether this threshold could be used. Our study illustrates
the importance of measuring pain using standardized scales early in the rehabilitation phase of
the patients with RHAP.

Previous studies have examined the role of baseline (pre-operative) pain in predicting
long term functional outcome post orthopedic surgeries. However, it has been primarily explored
in surgeries done to relieve a long standing painful condition like total hip and knee replacements
for severe osteoarthritis (41-45) or spinal surgeries to relieve chronic back pain and disability
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(15,16). EEG and neurological studies have shown that in these patients, significant changes at
neural, psychological and personal level have already occurred prior to the surgical procedure
(24,46). These changes have been hypothesised to impact the subsequent outcome of the surgery.
Nevertheless the relationship of acute post operative pain and chronic functional impairment in
management of traumatic/emergency situations (e.g. fractures) has remained relatively uncertain.

Emerging evidence that early pain experiences in orthopedic surgery are predictive of
future outcomes has increased interest in the potential mechanisms behind this finding.
Associations merely indicate that two factors tend to occur together and it is unknown whether
patients had a pre-existing risk that is reflected in their early postoperative pain ratings; or
whether the pain experienced in the early postoperative period is contributing to the outcomes
achieved. This is an important distinction since genetics may not be modifiable; but better pain
control in the early postoperative period could be affected by clinical interventions. Preclinical
studies have shown that genetic basis for neural changes that contribute to sensitization and
remodelling of nervous system are altered within 20 minutes of injury (47). Inflammatory
mediators are released which carry the nociceptive signals via spinal cord to thalamic, limbic and
cortical structures of brain. It is here that the experience and memory of pain is coded (47-49).
This process may contribute to the development of chronic pain and suboptimal functional
outcomes following surgery. Poor outcomes have been reported in surgeries that last more 3
hours (14,50), low (versus high) volume surgical units (51,52), expertise of the surgeon (53,54)
and suspected with intraoperative nerve damage (9,55). How these factors influence the poor
outcomes post surgery is not known (54). However, considerable trauma due to initial injury and
intra-operative injury, particularly intra-operative nerve damage might be the common element
in the above given factors. Nerve damage leads to both acute and chronic modelling of the
injured nerves, along with their intact neighbouring nerves, nociceptive pathways in the brain
and spinal cord (9,56,57). These alterations might be the probable malefactor in the producing
both chronic pain and impairment.

There is also an increasing interest in psychological variables as prognostic variables in
predicting chronic functional impairment (58,59) in a variety of other orthopedic conditions.
Various psychological prognostic factors have been reported in literature. These include elevated
preoperative anxiety (60), less catastrophizing (61), solicitous responding (62,63), fear of surgery
(9,14), personality type (59) and social support (64-66). Vlaeyen and Linton’s fear avoidance
model has been proposed to account for the above cognitive and behavioural manifestations post
surgery (13). However, one of the major challenges in studying psychological factors and how
they contribute to poor outcomes is that they may be pre-existing or manifest as a result of
uncontrolled pain immediately after surgery. In such a scenario, it would be unfortunate to
suggest that pre-existing psychological disposition occurs as this may become a situation of
blaming the patient for their poor outcomes. Furthermore, it is difficult to have baseline
psychological measures for patients that exist prior to the development of orthopedic problems or
injuries to appropriately identify pre-existing verses resulting psychological characteristics. It is
unclear to what extent these factors would be my modifiable regardless of whether they were
pre-existing or not.

Regardless of the reasons for baseline pain being predictive of future outcomes the
existence of association has been verified. At present this can be used for prognosis or early
identification of patients who might be at risk of poor outcomes. However, clinicians must avoid
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being overly prescriptive about this relationship since 76% of the contribution to poor outcomes
remains unexplained. Further, since association is not indicative of causation is unclear whether
elevated risk can be modified in the early postoperative period.

There are several components to our studies that increase our confidence in our findings.
We used validated instruments for both pain and disability. DASH and ASES-e (26,38,67), both
have demonstrated superior psychometric properties in this group of patients. The study design
was prospective and as such baseline pain was recorded prior to any knowledge about the final
functional outcomes; removing some sources of potential bias. Grewal et al. and colleagues (37)
have demonstrated that most of the patients recover completely and resume their activities of
daily living within 6-8 months post RHAP. Hence, by following patients for 2 years we are
confident that we have represented their optimized functional outcomes. Long-term
complications such as implant loosening, periprosthetic luceny or degenerative arthritis could
alter the long-term functional outcomes following RHAP. Although it will be important to
consider these complications, it was beyond the objectives of the study. Finally we considered
potential confounding variables that were derived based on the literature pertaining to radial head
arthroplasty (age, WCB status).

Our study also had limitations that should be considered when interpreting the findings.
We only considered a limited scope of confounding variables and a number of other factors were
not considered e.g. effects of the surgeon’s skill, different implant designs, patient
characteristics, etc. The sample size is relatively small and hence limited the number of
predictors we could include in the multivariable regression modeling. The patients were recruited
from a single center and the practice styles, patient characteristics and skills of surgeons might
have had an effect on the associations, reducing the generalizability of our findings. Finally our
decision to include patients who had complete follow-up may have affected our results since
those who had incomplete data might have a different prognostic profile. However the
characteristics of the patients with complete versus incomplete data were compared and it
suggested that these patients did not differ significantly with respect to demographic variables.

The functional status of the patient was assessed based on the region-specific self report
outcome measure (DASH). The DASH is designed as a uni-dimensional measure of upper
extremity function (26). However, there have been debates about the dimensionality of the
measure and it certainly is apparent that symptoms are included in the measure since a number of
the items ask about pain or numbness/tingling (68). We chose to use DASH as it is the most
commonly used measure in upper extremity disorders, but agree that a joint specific functional
outcome measure might have been more accurate indication of the level of functioning.
Furthermore, addition of a performance based test (FIT-HaNSA) (12) would have added an
additional dimension to our understanding of functional outcomes.

Conclusion

Acute post operative pain is a significant determinant of the long term suboptimal
functional outcome (>20/100 on DASH) post radial head arthroplasty. A risk score of >32 out of
50 on ASES-e pain subscale can be implemented in the clinical practice to differentiate patients
who are at high versus low risk of having chronic functional impairment post RHAP. Further
longitudinal studies are required to validate these results in independent prospective cohorts and
to investigate the clinical application of prognosis or early intervention.
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Table 1: Bivariate correlation between the baseline patient characteristics and mean DASH at 2

McMaster Rehabilitation Science

years
Patient characteristic Number of patients Mean 2 year P value
DASH
Gender
Male 26 (44.1%) 14.48 0.173
Female 33 (55.9%) 20.95
Age
Age <60 41 (69.5%) 19.68 0.311
Age > 60 18 (30.5%) 14.49
Dominant side involved
No 32 (54.2%) 15.62 0.253
Yes 27 (45.8%) 21.04
Smoking History (n=54)
Never smoked 35 (64.8%) 13.45 0.017
Smoker 4 (7.4%) 21.5
Quit Smoking 14 (25.9%) 28.86
Education status
Incomplete grade school 1(1.7%) 9.17
Finished grade school 1 (1.7%) 43.33
Incomplete high school 6 (10.2%) 37.5
Finished high school 8 (13.6%) 8.33 0.047
Incomplete college 12 (20.3%) 14.58
Finished college 18 (30.5%) 19.21
Incomplete university 4 (6.8%) 24.36
Finished university 5 (8.5%) 17.83
Graduate level 4 (6.8%) 4.16
Employment status
Retired 13 (22%) 16.34
Homemaker 8 (13.5%) 19.68
Unable to work because of injury 19 (32.2%) 13.37
Unable to work due to other reasons 2 (3.4%) 23.33 0.503
Part time light duties 2 (3.4%) 39.17
Full time light duties 4 (6.8%) 20.62
Part time regular duties 2 (3.4%) 9.16
Full time regular duties 7 (11.9%) 20.35
Student 2 (3.4%) 379
Arm injury part of WCB claim
No 55 (93.2%) 17.24
0.022
Yes 3(5.1%) 17.77
Pending 1 (1.7%) 66.67
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Co-morbidities
Heart problems (n=42) 0.742
Yes 4(9.5%) 22.49
no 38 (90.5%) 19.16
Arthritis (n=42) 0.16
Yes 7 (16.7%) 28.68
No 35 (83.3%) 17.64
Diabetes (n=42) 0.095
Yes 2 (4.8%) 41.23
No 40 (95.2%) 18.39

Abbreviations: DASH, Disability of Arm Shoulder and Hand questionnaire; WCB, Worker
Compensation Board;
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Table 2: Correlation of independent variables used in regression analysis

Age WCB status
WCB status -0.023 (p = 0.862)
ASES-e 0.133 (p- 0.317) -0.124 (p = 0.351)
(postsurgical
pain)

Abbreviations: WCB, Worker compensation Board claim

McMaster Rehabilitation Science
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Table 3: Comparison of regression models used to predict chronic functional impairment at 2
years post radial head arthroplasty

2 .
Model R R’ chSnge F change df Ség:ﬁggga:t
Age 0.156 0.024 0.024 1.427 1,57 0.237
Age + Worker
compensation board 0.312 0.097 0.073 4.51 1,56 0.038
status
Age + Worker
compensation board | () yo4 | o4 | 0147 | 10687 | 1,55 | <0.001

status+ Acute
postsurgical pain
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Table 4: Performance of acute post surgical ASES-e pain score in discriminating between
patients who have chronic functional impairment at 2 years versus patients who do not with
ASES-e pain > 31.5 as an endpoint

Endpoint AUC Sensitivity | Specificity Predicted values le:alii};md
PPV =0.45 PLR =2.0
ASES-¢ pain 0.70 0.76 0.61 (0.27-0.87) (1.25-3.2)
score>31.5 | (0.55-0.85) | U= | (045
- ' ' 0.92) 0.76) NPV =0.87 NLR =0.38
(0.68-0.96) (0.15- 0.92)

Values given in bracket indicate 95% confidence interval

AUC: Area under curve; RR: Relative risk ratio; PPV: Positive predicted value; NPV: Negative

predicted value; PLR, positive likelihood ratio; NLR, negative likelihood ratio
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Figure 1- Receiver Operative curve showing discriminative properties of acute post surgical

ASES-e pain score
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CHAPTER 4: DISCUSSION/CONCLUDING REMARKS
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This sandwich thesis focused on the functional outcomes of radial head arthroplasty
(RHAP) in individuals with complex radial head fractures (RHF). It includes two manuscripts
that are to be submitted in a peer reviewed journal for publication. The systematic review
conducted for this thesis work demonstrated that individuals who undergo metal RHAP
following RHF have good to excellent functional outcomes in short to midterm follow up. The
second study demonstrated that acute post surgical pain has good discriminative capability in
differentiating people with greater intensity pain and functional outcomes at 2 years following
RHAP. This work showed that a patient who scored equal to or more than 32 on ASES pain
scale would have a 1.6 times increased likelihood of poor functional outcomes.

The first study identified that there is a substantial body of mostly low-quality evidence
relating to functional outcomes of RHAP. All of the 21 included studies were Sackett’s level 4
evidence (1). Consequently, none of the included studies were individually convincing regarding
the superiority of a particular implant design and/or material over another. The ability of the
findings to inform best practice in evidence based decision making is limited by the significant
heterogeneity of RHAP literature concerning health care settings, patient characteristic, implant
designs and measurement instruments. Additionally, the reviews of observational studies are
more open to random errors and systematic bias due to the confounding, selection of participants
and knowledge of prognostic factors causing over-estimation of treatment effects (2,3).
Nonetheless, the review addresses the scope and current trajectory of RHAP literature and
informs the methodology of future prospective studies i.e. appropriate patient selection,
treatment modification, outcome measures. Although it is not possible to have pre-injury upper
extremity function scores for most traumatic injuries; we can compare the outcomes achieved to
normative scores and other upper extremity injuries and reconstructive procedures. This
comparison suggested that RHAP has good to excellent functional outcomes in short to midterm
follow up. However, it also noted considerable variation in outcomes that was not explained by
implant type. This suggested that studies that would identify ways of differentiating patients who
are likely to have suboptimal outcomes were warranted.

Chapter 3 focused on whether it was possible to predict those who would have poorer
functional outcomes on the basis of assessment of pain in the post operative period. This study
emphasizes the importance of quantifying pain levels in the immediate post operative period and
classifying the patient into high or low risk groups for chronic functional impairment based on
the pain levels. However, before the results of the study can be interpreted and/or implemented
in clinical practice, some of the methodological issues in the study are worth discussing. The
results of the study are based on analyses of a pre-existing dataset from a single tertiary centre.
Apart from the time saving and economical aspects of using the data, this inferred some other
advantages. The data was collected prospectively with the use of well defined, standardised
outcome measures by an independent evaluator. This might have reduced the bias associated
with knowledge of predictor variables (4). The quality of the dataset was verified with manual
checking of all the patient’s records and any missing/incorrectly entered information was
rectified. Some of the downsides of doing secondary analyses were no control over the aspects of
study population, methodology and measurements. Also, factors like accuracy of data collection,
missing data and variable could not be explained for. These could have impact the
generalizability and validity of these findings.
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Another methodological limitation of this study was the sample size. We could extract
data for only 59 patients. This limited the number of predictor variables that could be included in
the regression model and hence the influence of other confounding variables could not be
studied. However, it is also important to note that RHAP is a relatively rare surgery performed
mostly in specialised centres. Hand and Upper Limb Centre (HULC), London is the largest
surgical unit in Canada specialising in upper extremity disorders. The low sample size reflects
the difficulty of recruiting a large sample from a single centre in RHAP trials and stresses the
potential for multi-centric trials in future for studying the effectiveness of RHAP.

The pain cut-off score proposed in this study has to be further validated with the help of
well designed multi-centric prospective trials. In future RHAP trials, the predictors must be
clearly defined and standardised to improve the generalizability of the findings (5). Details
pertaining to time points and methods of predictor assessment must be outlined in a transparent
manner. An independent blinded evaluator should assess the outcomes in order to prevent the
bias (5,6). Further the application of the prediction model given in the second manuscript must
be tested in a clinical set up. Guidelines must be proposed to the clinicians in an easy to
understand format (7). Until then, the ASES-e pain score of 32/50 can be used by the clinicians
with some speculation, combined with their clinical judgement.

This study has important practice and policy implications. The assessment and screening
of the patients immediately after surgery will allow the physicians to classify the patients into
high or low risk groups for developing functional impairment. Both the clinician and patient will
have a better idea of the prognosis and further management. For this model of prognosis based
on risk score to be implemented in clinical practice, sufficient empirical evidence linking acute
pain and chronic functional impairment, taking into consideration other confounding variables
will have to be established. Efforts should be made to ensure that all the decision makers
(clinician, patient, hospital management & stakeholder) are involved in all the steps of this
process including the designing and testing of the model (8-10). Policy decision making
initiatives can then be directed, emphasizing on the distribution of resources to the high risk
groups, prolonged hospitalization of patients with inadequate pain control, and improvised
access to rehabilitation services. The decision to fund, institutional and organisational barriers,
and the potential for misuse and harm of the screening information must be examined. Finally,
some amendments in the model might be required to adjust for the variation of the surgical
outcome proportional to the volume of the surgical units (11).

There are some limitations of the overall thesis. First, it was impossible to differentiate
surgical and rehabilitative components of the functional outcomes following the RHAP. The in
depth examination of the different implant designs and materials along with the surgical
procedure was beyond the scope of the thesis work. Further, due to the nature of the evidence,
we were unable to compare the post operative rehabilitation protocols with the outcomes of
RHAP neither could delineate common trends in the rehabilitation protocol. A post-operative
rehabilitation protocol was hence not proposed. Subsequent to which, the management of the
patients who are at higher risk of developing functional impairment post RHAP will have to rely
on the existing evidence concerning acute pain management, post-operative physiotherapy
interventions and other rehabilitation alternatives. Recently, a biopsychosocial RACE (Reducing
pain, Activating, Cognitive Reshaping, and Empowering) model was proposed for the
management of patients with distal radial head fractures (12). The model suggests that the
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rehabilitation of the patient with distal radius fracture must be based on their specific injury and
psychosocial risk profile to prevent chronic pain post fracture. However, there are no specific
studies that demonstrate that functional outcomes of upper extremity trauma can be modified
with early identification of patients with high pain levels. A randomized control trial is needed
to address this issue and should be based on usual care versus screening plus assignment of a
rehabilitative strategy based on risk levels.

The findings of this thesis call attention to next steps that are needed to improve the
functional outcomes post RHAP. Prospective, multi-centred randomised control trials must be
designed to compare (1) different implant designs and materials used in RHAP, (2) RHAP with
other clinically relevant alternative i.e. internal fixation, and (3) usual care versus screening and
assignment of rehabilitation strategy based on risk levels. The reporting standards of the
effectiveness studies of RHAP must be improved. Alongside, the cost of delivering RHAP and
management of the patients with high risk for chronic functional impairment must be assessed
with the help of outcomes of cost effectiveness, cost utility and cost benefit. There upon, policies
can be adapted to be sensitive to the needs of the patient. Lastly, as RHAP is a specialised
surgery, the effect of surgical volume on the outcomes of surgery must be reduced. This can be
done by increasing the number of fellowships or providing continued training opportunities for
the novice surgeons. This will improve the generalizability and confidence in the findings across
different settings.

In conclusion, the study of functional outcomes post radial head arthroplasty
unquestionably adds to the existing pool of evidence to understand the outcomes of the surgery.
Our findings move towards development of a conceptual framework that informs the evaluation
and rehabilitation of patients with RHAP.
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APPENDIX
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APPENDIX 1- The Structured Effectiveness Quality Evaluation Scale (SEQUES)

Evaluation Criteria

Score

Study question

1. Was the relevant background work cited to establish a foundation for the research
question?

Study design

2. Was a comparison group used?

3. Was patient status at more than one time point considered?

4. Was data collection performed prospectively?

5. Were patients randomized to groups?

6. Were patients blinded to the extent possible?

7. Were treatment providers blinded to the extent possible?

8. Was an independent evaluator used to administer outcome measures?

Subjects

9. Did sampling procedures minimize sample/selection biases?

10. Were inclusion/exclusion criteria defined?

11. Was an appropriate enrollment contained?

12. Was appropriate retention/follow-up obtained?

Intervention

13. Was the intervention applied according to established principles?

14. Were biases due to the treatment provider minimized (ie attention, training)?

15. Was the intervention compared to appropriate comparator?

Outcomes

16. Was an appropriate primary outcome defined?

17. Were appropriate secondary outcomes considered?

18. Was an appropriate follow-up period incorporated?

Analysis

19. Was an appropriate statistical test(s) performed to indicate differences related to
the intervention?

20. Was it established that the study had significant power to identify treatment
effects?

21. Was the size and significance of the effects reported?

22. Were missing data accounted for and considered in analyses?

23. Were clinical and practical significance considered in interpreting results?

Recommendations

24. Were the conclusions/clinical recommendations supported by the study
objectives, analysis, and results?

Total quality score (sum of above)=

Level of Evidence (Sackett) 1 |2 |3 [4 |5

© JoyMacDermid, 2003.
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APPENDIX 2 - Sackett’s Grade of Evidence

Level of
General Criteria for Level of Evidence
Evidence
la Systematic review of homogeneous of randomized, controlled trials (RCTs)
1b Single high-quality RCT
1c All or none study
2a Systematic review of homogeneous cohort studies
2b Single cohort study (including low-quality RCT; ie less than 80% follow up)
2¢ “Outcomes” research; ecological studies
3a Systematic review of homogeneous case—control studies
3b Single case—control study
4 Case-series, low-quality cohort and case—control studies
Expert opinion without explicit critical appraisal, or based on physiology or
5

“first principles”
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Appendix 3 — Disability of the Arm, Shoulder and Hand (DASH) questionnaire

DiISABILITIES OF THE ARM, SHOULDER AND HAND

INSTRUCTIONS

This questionnaire asks about your
symptoms as well as your ability to
perform certain activities.

Please answer every question, based
on your condition in the last week,

by circling the appropriate number.

If you did not have the opportunity
to perform an activity in the past
week, please make your best estimate
on which response would be the most
accurate.

It doesn't matter which hand or arm
you use to perform the activity; please
answer based on your ability regardless
of how you perform the task.
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DISABILITIES OF THE ARM, SHOULDER AND HAND

Please rate your ability to do the following activities in the last week by crdling the number below the appropriate response.

NO MILD MODERATE SEVERE UNABLE
DIFFICULTY DIFFICULTY DMFFICULTY DIFACULTY
1. Open a tight or new jar 1 2 3 4 5
2. Write. 1 2 3 4 5
3. Tum a key 1 2 3 4 5
4. Prepare a meal. 1 2 3 4 5
5. Push open a heawy door. 1 2 3 4 5
6. Place an object on a shelf above your head. 1 2 3 4 5
7. Do heavy household dhores (2.g., wash walls, wash floors). 1 2 3 4 5
8. Garden or do yard work. 1 2 3 4 5
9. Make a bed 1 2 3 4 5
10. Carry a shopping bag or briefcase. 1 2 3 4 5
11. Carry a heawy object (over 10 lbs) 1 2 3 4 5
12. Change a lightbulb overhead. 1 2 3 4 5
13. Wash or blow dry your hair 1 2 3 4 5
14. Wash your back. 1 2 3 4 5
15. Put on a pullover sweater. 1 2 3 4 5
16. Use a knife to cut food. 1 2 3 4 5
17. Recreational activities which require little effort
(e.g.. cardplaying, knitting, etc.) 1 2 3 4 5
18. Recreational activities in which you take some force
or impact through your arm, shoulder or hand
(e.g.. golf, hammering, tennis, etc). 1 2 3 4 5
19. Recreational activities in which you move your
arm freely {e.g., playing frisbee, badminton, efc.). 1 2 3 4 5
20. Manage fransportation needs
(getting from one place to another) 1 2 3 4 5
21. Sexual activities 1 2 3 4 5
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DisSABILITIES OF THE ARM, SHOULDER AND HAND

QUITE

NOT AT ALL SUIGHTLY MODERATELY A BIT EXTREMELY
22. During the past week, fo what exfent has your arm,
shoulder or hand problem interfered with your normal
social activities with family, friends, neighbours or groups?
(circle number) 1 2 3 4 £
NOT LIMITED SLIGHTLY MODERATELY VERY UNABLE
AT ALL LIMITED LIMITED LIMITED
23. During the past week, were you limited in your work
or other regular daily activities as a result of your arm,
shoulder or hand problem? (circle number) 1 2 3 4 3
Please rate the severity of the [-:_lll,:-wlr'lg symploms in the last week. (circle number)
NOMNE MILD MODERATE SEVERE EXTREME
24, Arm, shoulder or hand pain 1 2 3 4 5
25. Arm, shoulder or hand pain when you
performed any specific activity. 1 2 3 4 g
26. Tinglhng (pins and needles) in youwr arm, shoulder or hand. 1 2 3 4 5
27. Weakness in your arm, shoulder or hand 1 2 3 4 g
28. Stiffress in your arm, shoulder or hand 1 2 3 4 g
50 MUCH
NO MILD MODERATE SEVERE D'F'Fl_ﬁ'# ||-T\"
DIFFICULTY DIFFICULTY DMFACULTY DIRFICULTY CANT SLEER
9 ing B st w b h diffi ha ad
W Iqur'lqni"’.p_ p.iil.pm‘r?fehw- E:;n'?#i-m} A%ﬁhl&u"ﬁ!ﬁﬂqﬁdrd:'
(carche nrmber) 1 2 3 4 5
STRON ¥ ME] R AGR 5TR LY
Deacast  Osaceee \WINERACRE Aok STIONG
30. | feel less capable, less confident or less useful
because of my arm, shoulder or hand problem
{circle numiber) 1 2 3 4 &

DASH DISABILITY/SYMPTOM SCORE = [(sum of n responsas) - 1] x 25, where n i equal to the number of completed responses

n
A DASH score may not be calculated if there are greater than 3 missing items.
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DiISABILITIES OF THE ARM, SHOULDER AND HAND

WORK MODULE (OPTIONAL)

The following questions ask about the impact of your arm, shoulder or hand problem on your abdity to work (including home-
making if that is your main work role)
Please indicate what your job/fwork is:
0 | do not work. (You may skip this section.)

Please arde the number that best describes your physical ability in the past week. Did you have any difficulty:

NO MILD MODERATE SEVERE UNABLE
DIFFICULTY DIFFICULTY DIFACULTY  DIFFRICULTY
1. using your usual technique for your work? 1 2 3 4 5
2. doing your usual work because of arm,
shoulder or hand pain? 1 2 3 4 5
3. dong your work as well 25 you would like? 1 2 3 4 5
4. spending your usual amount of time doing your work? 1 2 3 4 5

SPORTS/PERFORMING ARTS MODULE (OPTIONAL)

The following questions relate to the impact of your arm, shoulder or hand problem on playing your musical instrument or sport
or both. If you play more than one sport or instrument (or play both), please answer with respect to that activity which is most
important to you

Please indicate the sport or instrument which is most important o you
(1 1 do not play a sport or an instrument. (You may skip this section.)

Please circle the number that best describes your physical ability in the past week. Did you have any difficulty

NO MILD MODERATE SEVERE UMNABLE
DIFFICULTY DIFFICULTY DIFFAICULTY  DIFARCULTY

1.  using your usual technique for playing your

instrument or sport? 1 2 3 4 &
2. playing your musical instrument or sport because
of arm, shoulder or hand pain? 1 2 3 4 [

3. playing your musical instrument or sport
as well as you would like? 1 2 3 4 5

4. spending your usual amount of time
practising or playing your instrument or sport? 1 2 3 4 5

SCORING THE OPTIOMAL MODULES: Add up assigned values for each response;
divide by 4 (number of Rems); subtract 1; multiply by 25.
An optional module score may not be calculated if there are any missing items.

Iratitute Fesearch Cxeallence
bor Work & | Advancing Dinplayes
Healih Healih

B NETITUTE FOR WORS & HEALTH 3008 ALL RICHTS RISIEVED
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Appendix 4 -American Shoulder and Elbow Evaluation- elbow (ASES-e) pain subscale

PATIENT SELF-EVALUATION: PAIN

Do you experience pain in your elbow? Yes | No

Rate your pain:

1) When it is at its| | 2 3 - 5 6 7 8 9 10
worst

2) Atrest | 2 3 4 5 6 7 8 9 10

3) Lifting a heavy| | 2 3 4 5 6 7 8 9 10
object

4) When doing a task | | 2 3 4 5 6 7 8 9 10
with repeated elbow
movements

5) At night | 2 3 | 5 6 7 3 9 10

0 = no pain; 10 = worst pain ever
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