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Abstract

Objective—Assess long-term risk of revision surgery and its predictors after undergoing humeral
head replacement (HHR).

Methods—We used prospectively collected data from the Mayo Clinic Total Joint registry and
other institutional electronic databases. Revision-free survival for HHR at 5-, 10- and 20-years
was calculated using Kaplan-Meier survival analysis. We used univariate and multivariable-
adjusted Cox regression analyses to examine the association of age, gender, body mass index
(BM1), comorbidity assessed by Deyo-Charlson index, American Society of Anesthesiologist
(ASA) class, implant fixation (cemented versus not) and underlying diagnosis with the risk of
revision surgery. Hazard ratio with 95% confidence interval (Cl) and p-values are presented.

Results—1,359 patients underwent 1,431 shoulder HHRs during the study period, 1976-2008.
The average age was 63 years, 63% were female, mean BMI was 28 kg/m? and 60% implants
were cemented. 114 HHRs were revised during the follow-up. At 5-, 10- and 20-years, the
shoulder implant survival was 93.6% (95% Cl, 92.1%-95%), 90% (95% Cl, 88%—92%) and 85%
(95% ClI, 81.8%—88.4%) respectively. In multivariable-adjusted analyses, older age was associated
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with lower hazard of revision, hazard ratio, 0.97 (95% Cl, 0.96-0.99; p-value<0.001) and higher
BMI with higher hazard ratio of 1.04 (95% Cl, 1.01-1.08; p-value=0.02).

Conclusions—Long-term surviva of HHR at 20-years was excellent. Obesity and younger age
arerisk factors for higher revision rate after HHR. Further studies should investigate the biologic
rationale for these important associations. Surgeons can discuss these differencesin revision risk
with patients, especially in young obese patients.
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Introduction

Methods

Humeral Head Replacement (HHR), also known as shoulder hemiarthroplasty, has been
performed with good results for the treatment of patients with a variety of shoulder
disorders 4 8. In arecent systematic review, compared to total shoulder arthroplasty (TSA),
patients with HHR had statistically significantly worse functional scores, no significant
differencesin pain scores, quality of life or adverse events and a non-statistically significant
trend towards higher revision rate 11. Two recent systematic reviews, that included studies
of both TSA and HHR, have summarized revision rates from 23 studies © and 40 studies 14.
At mean follow-up of 43 and 59 months, combined revision rates were 10.2% © and 15% 14,

Only two studies have estimated the revision rates following HHR. The revision rates were
6-8% at 5-years > 13 and 8-17% at 10-years > 13, Only one study has reported 15-year
revision rate of 27% 13, With low revision rates, a small sample size of 114 shouldersin one
of the two previous studies limited the analyses 13.

To our knowledge, only two studies have examined the predictors of revision surgery after
HHR 513, They included 74 revisions in 1,470 shoulders (6%) ° and 11 revisionsin 114
shoulders (11%) 13. An underlying diagnosis of trauma or fracture sequelae, previous
surgery and an age <70 significantly increased the risk of revision ®13, but gender was not
significant ®13, Only one study used multivariable analyses °. Some findings were
contradictory; for example, younger age was significantly associated with higher revision
rate in one study ®, but not the other 13. None of the studies examined modifiable factors,
such as comorbidity and body massindex (BMI). Given that higher BMI is associated with
more unsatisfactory results in morbidly obese patients undergoing primary shoulder
arthroplasty 7, one needs to examine if higher BMI is associated with higher revision rate.

Our objective was to examine the revision rate in alarge cohort of patients who had
undergone HHR from 19762008 at our medical center. We examined: (1) the revision rates
at 5-, 10-, 20-year follow-up; and (2) whether higher comorbidity, BMI, age, gender and
type of implant) were associated with risk of revision.

Study Population

The Mayo Clinic Joint registry was used to conduct this study. The study was approved by
the Mayo Clinic Institutional Review Board. This prospective registry has captured every
arthroplasty performed at the Mayo Clinic, Rochester, Minnesota, USA, since 1969,
including al shoulder arthroplasties performed since 1976. The Mayo Clinic medical center
provides primary and specialty care to residents of Olmsted county and specialty care to
referred patients. All patients who undergo shoulder arthroplasty are invited to return for a
clinic visit at 1-, 2- and 5-years and then every 5 years for a standardized physician
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interview, clinical examination and radiographs. For patients who are unable to come for a
clinic visit, patients are requested to complete a standardized shoulder questionnaire 12 and
send radiographs. Those who fail to return the questionnaire are contacted by telephone by
trained registry staff and interviewed using standardized shoulder questionnaire, including
any additional surgery. In case asurgical procedure had been performed at an outside
facility, data were requested including operative reports for indication, operative findings
and revision. Study cohort was defined as patients who underwent HHR between January
1976 and December 2008.

Outcome and Predictors

The outcome of interest for this study was revision shoulder surgery for index HHR dueto
any reason, as documented in the Total Joint Registry. Observations were censored for
patients at death. We used Total Joint Registry to obtain data on predictors of interest.
Patient’ s age at surgery, gender, underlying diagnosis and implant fixation (cementing of
humeral and/or glenoid component versus not) are documented in total joint registry. Age
was treated as a continuous variable. Underlying diagnosis was categorized as osteoarthritis,
rheumatoid arthritis, rotator cuff disease, trauma, tumor and other (avascular necrosis,
ankylosing spondylitis, psoriatic arthritis, dislocation, etc.). We used other institutional
electronic databases to obtain data on BMI, comorbidity and American Society of
Anesthesiologist (ASA) class at the time of HHR. BMI (in kg/m?) was considered as a
continuous variable. ASA class, avalidated measure of perioperative mortality and
morbidity 3 15 was categorized as class 1-2 versus 3-4 (higher classsworse physical
status). Comorbidity was measured using Deyo-Charlson comorbidity index 2, avalidated
commonly used summative weighted scale of 17 comorbidities (including cardiac,
pulmonary, renal, hepatic disease, diabetes, cancer, HIV etc.). All variables were available
for the entire study duration, except BMI (available since 1987) and ASA class (available
since 1988).

Statistical Analyses

Results

We present summary statistics for patient demographic and clinical characteristics as mean
(standard deviation) or proportions. Revision-free survival at 5-, 10- and 20-years was
calculated by using Kaplan-Meier survival analysis method, censoring patients at death. We
examined the association of each predictor of interest (age, gender, BMI, Deyo-Charlson in
index, ASA class, implant fixation, underlying diagnosis) and revision using univariate Cox
regression analyses. The main multivariable-adjusted Cox regression model (M odel 1)
included all variables significant at p<0.05 in univariate analyses and available for the entire
study duration (all except BMI and ASA class). Model 2 included BMI in addition to model
1, and Model 3 included ASA classin addition to model 1. BMI and ASA class was entered
in separate model s since they were available since 1987 and 1988, respectively. We present
hazard ratio with 95% confidence interval. A p-value <0.05 was considered statistically
significant.

Clinical Characteristics

The patient characteristics are summarized in Table 1. 1,359 patients underwent 1,431
shoulder HHRs during the study period, 1976-2008. The average age was 63 years, 63%
were female, and mean BM1 was 28 kg/m?Z; 60% implants were cemented. ASA classwas 1
or 2in 49% and 3 or 4 in 51%. Mean cohort follow-up was 7 years (standard deviation, 7
years, range, 1 day to 32 years) with median follow-up of 5 years.
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1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Singh et al. Page 4

Revision Rates

Of the 1,413 shoulders that underwent humeral head replacement, 114 were revised during
the follow-up. At 5-, 10- and 20-years, the implant survival was 93.6% (95% CI, 92.1%—
95%), 90% (88%—92%) and 85% (81.8%—88.4%), respectively. The K-M curve depicts the
overall revision-free survival rate during follow-up (Figure 1A). The causes for revision
were as follows: loosening (n=17); instability (n=23); infection (n=9); fracture (n=6);
osteolysis or wear (n=5); pain of unknown etiology (n=41); soft tissue problems (n=5);
metastatic cancer (n=3); and other causes (n=5).

Univariate and Multivariable-adjusted predictors of risk of revision

Univariate analyses revealed the male gender, older age, very high BMI, higher ASA class
of 3 or 4, were each significantly associated with higher risk of revision (Table 2).
Differencesin survival by gender are shown in Figure 1B. An underlying diagnosis of tumor
was associated with 3-fold higher hazard of revision, compared to rheumatoid arthritis
(Table 2). Deyo-Charlson index and cement status were not associated with revision risk.

The multivariable-adjusted model, that adjusted for age, gender and diagnosis, found that
only age was significantly associated with revision risk, where as gender and underlying
diagnosis were not (Model 1; Table 3). Even though underlying diagnosis was not
significantly associated overall with revision risk, a diagnosis of tumor or osteoarthritis were
each associated with 2-2.5 fold higher hazard of revision, compared to rheumatoid arthritis.
In model that also included BMI (model 2: age, gender, diagnosis, BMI), both BMI and age
were significant risk factors for revision risk (Model 2; Table 3). In model that also adjusted
for ASA (model 3: age, gender, diagnosis, ASA), age was significantly associated with risk
of revision (Model 3; Table 3).

Discussion

In this study, that included 1,359 patients with 1,431 shoulder HHRs performed over 33-
year period, we found that 85% were revision-free at 20-year follow-up. Although in
univariate analyses several variables were associated with higher risk of revision, including
male gender, older age, higher BMI, higher ASA class and underlying diagnosis, in
multivariable analyses we found only younger age and higher BMI were significantly
associated with higher risk of revision. To our knowledge, thisis the longest follow-up study
to date assessing the risk of revision in patients with shoulder hemi-arthroplasty. Several
findings from our study merit further discussion.

We provide 5-, 10- and 20-year revision-free survival for patients who have undergone
HHR. These data add significantly to the literature by providing the longest follow-up to
date after HHR and allow comparisons to the previously published 15-year revision-free
survival rates from the Norwegian register ® and a small series published 12 years ago 13.
Our 5-, 10- and 20-year revision-free survival of 94%, 90% and 85%, are similar to the
recently published revision-free rates of 6% at 5-years and 8% at 10-years ®, and lower than
those reported in a smaller subsample of the 1976-1985 HHR cohort a decade ago 13. This
information fills an important knowledge gap and suggests that revision-free survival may
have improved over time. These revision-free survival ratesin patients with shoulder
hemiarthroplasty are slightly lower than those reported after knee and hip replacement
surgeries 1+ 10,

An important novel contribution of this study is the identification of higher BMI asa
significant risk factor for higher revision rate in patients with HHR. To our knowledge, this
has not been reported previously in HHR patients. Obesity or higher BMI istypically
thought as arisk factor for lower extremity arthroplasty outcomes due to biomechanical
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effects on knee and/or hip joints. The higher rate of revision in more obese patients may be
due to systemic and/or biomechanical effects of obesity. Obesity is associated with greater
production of pro-inflammatory cytokines (interleukin (IL)-6, IL-1, IL-8, IL-18, TNFalpha),
adipokines and neuropeptides, such as substance P and nerve growth factor 6. These
substances can promote synovial inflammation, cartilage degradation, and bone matrix
remodeling, which can lead to more osteolysis and earlier revision. Metabolic syndrome-
associated comorbidities, such as diabetes, etc., may also negatively impact implant

survival. Thisfinding is very intriguing in conjunction with the recent finding of more
unsatisfactory resultsin morbidly obese patients with BMI >40 undergoing primary shoulder
arthroplasty 7 and needs further study. Further studies are needed to explore the biological
rationale for this finding. Weight reduction prior to HHR and/or better patient counseling in
patients with obesity may be indicated if these findings are confirmed. Studies with adequate
sample size are needed; underpowered studies with few revisions and/or short follow-up are
unlikely to confirm or refute these findings due to type Il error, i.e., missing areal effect due
to asmall sample size and lack of power.

Our finding of association of younger age with higher risk of revision after HHR, i.e., older
age being protective, confirms asimilar finding from multivariable-adjusted analyses from
the Norwegian registry °, and extends this finding to the U.S. population undergoing HHR.
In addition to the variables included in the earlier Norwegian study (age, gender, underlying
diagnosis), we included additional important modifiable factors, such as BMI, Deyo-
Charlson comorbidity index, ASA class, and implant fixation (cemented versus not). Thus,
our study provides more robust analyses that are less likely to be confounded by unmeasured
important factors compared to the earlier study. Several potential reasons may be
responsible for higher revision in younger patients, including a higher demands in younger
patients leading to higher wear rates, refusal of surgery by older patients with chronically
dislocated shoulders and tuberosity fractures due to personal choice, and presence of higher
comorbidity in older patients making them higher risk for revision surgeries, which would
be otherwise indicated.

Underlying diagnosis had non-significant trend towards association with revision risk
overall, after adjustment in multivariable models. In the main model that adjusted for age,
gender and diagnosis, the underlying diagnosis was not significantly associated with
revision risk overall. However, diagnoses of tumor or osteoarthritis were each associated
with significantly higher hazard of revision, compared to rheumatoid arthritis. We noted a
similar trend in the model that additionally adjusted for BMI. This indicated that underlying
diagnosis may be associated with revision risk; however, thisrisk is minimal once other
factors (age, gender, BMI, etc.) are accounted for.

Our study has severa limitations. Due to cohort study design, residual confounding is
possible, since we did not adjust for every potential variable. Despite the prospective
intensive follow-up in Total Joint Registry, some patients may have had revisions at other
medical care centers; therefore, our revision rates are likely conservative estimates. This
implies that similar to other prospective studies, our follow-up is not 100%. Future studiesin
community settings should examine if these results can be replicated. The focus of this study
was revision rates and patient factors as risk factors, which limited us from studying other
important factors such as implant designs and other important outcomes such as patient
satisfaction and function. The strengths of this study include a large sample size, along
follow-up period, availability of data on important potential predictors and robust estimates
that varied little with adjustment for potential confounding factors.
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Conclusion

In conclusion, this study provides the revision-free survival rate for HHR up to 20-year
follow-up. Therevision-free survival at 20-year follow-up after HHR was good at 85%.
Higher BMI and younger age were significant risk factors for revision surgery, while other
patient factors such as gender, comorbidity, ASA class and underlying diagnoses were not
associated. Studies are needed to explore the reasons for higher revision ratesin obese
patients undergoing HHR and to examine the effect of weight reduction program on post-
HHR outcomes, including revision rates.
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Figure 1. Revision-free survival in patients with Humeral Head Replacement (HHR), overall
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