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Abstract

Background By the time patients with a failed shoulder

arthroplasty require revision surgery, a substantial number

are older than 80 years. The risk of complications of

revision arthroplasty in this elderly population is largely

unknown and needs to be considered when contemplating

whether these patients are too frail for revision surgery.

Questions/purposes (1) What are the 90-day medical and

surgical complications after revision to reverse shoulder

arthroplasty (RSA) in patients older than 80 years? (2)

What are the 2- and 5-year survival rates after revision? (3)

Was there an improvement in pain at rest or with activity,

range of motion (ROM), and strength after revision

surgery?

Methods Between 2004 and 2013, 38 patients who were

older than 80 years (84 ± 3 years) underwent revision

surgery to a RSA. Of those, five were lost to followup

before 2 years, and two had died within 2 years of revision

surgery, leaving 31 for analysis of our survivorship, pain,

ROM, and strength endpoints at a minimum of 2 years or

until revision surgery had occurred (mean, 28 months;

range, 1–77 months); all 38 patients were included for

purposes of evaluating medical and surgical complications

at 90 days. During the period in question, our general

indication for using RSA included failure of previous

shoulder arthroplasty because of instability, glenoid loos-

ening with bone loss, or rotator cuff insufficiency. The

indication for revision to RSA did not change during the

study period. The index procedure (revision to RSA at the

age of 80 years or older) was the first revision arthroplasty

in 33 (87%) patients and the second in five (13%) patients.

We tallied 90-day medical and surgical complications by

performing a retrospective chart and institutional joint

registry review. The cumulative incidence of implant

loosening (implant migration or tilting, or complete radi-

olucent lines present) and revision surgery was calculated

at 2 and 5 years using competing risk of death method. Pain

levels at rest or with activity (rated in a 1 to 5 Likert-type

scale) were collected through a retrospective chart review

and values before and after surgery were compared.

Results Medical complications occurred in three of 38

(8%) patients and surgical complications occurred in five

of 38 (13%) patients. The 90-day mortality was 3% (one of

38 patients), and the total mortality was 26% (10 of 38

patients). The cumulative incidence of revision was 11%

(95% CI, 0%–20%) at 2 years and 16% (95% CI, 1%–30%)

at 5 years; the cumulative incidence of loosening was 8%

(95% CI, 0%–20%) at 2 years and 16% (95% CI, 1%–30%)

at 5 years. Pain at rest or with activity improved from pre-

Each author certifies that neither he or she, nor any member of his or

her immediate family, have funding or commercial associations

(consultancies, stock ownership, equity interest, patent/licensing

arrangements, etc) that might pose a conflict of interest in connection

with the submitted article.

All ICMJE Conflict of Interest Forms for authors and Clinical

Orthopaedics and Related Research1 editors and board members are

on file with the publication and can be viewed on request.

Clinical Orthopaedics and Related Research1 neither advocates nor

endorses the use of any treatment, drug, or device. Readers are

encouraged to always seek additional information, including FDA-

approval status, of any drug or device prior to clinical use.

Each author certifies that his or her institution approved the human

protocol for this investigation, that all investigations were conducted

in conformity with ethical principles of research.

E. Alentorn-Geli, N. J. Clark, A. T. Assenmacher,

B. T. Samuelsen, J. Sánchez-Sotelo, R. H. Cofield,

J. W. Sperling (&)

Department of Orthopaedic Surgery, Mayo Clinic, 200 First

Street SW, Rochester, MN 55905, USA

e-mail: Sperling.John@mayo.edu

123

Clin Orthop Relat Res (2017) 475:2744–2751

DOI 10.1007/s11999-017-5406-6

Clinical Orthopaedics
and Related Research®

A Publication of  The Association of Bone and Joint Surgeons®

http://crossmark.crossref.org/dialog/?doi=10.1007/s11999-017-5406-6&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s11999-017-5406-6&amp;domain=pdf


to postoperation (preoperative: median, 4 [range, 2–5];

postoperative: median, 1 [range, 1–4]; median difference:

-2, 95% CI -3 to 0; p\0.000). The active ROM improved

during the preoperative compared with postoperative

periods: mean ± SD forward flexion of 52� ± 40� to 109�
± 44�, respectively (mean difference: 56; 95% CI, 40–72; p

\0.000), and mean ± SD external rotation of 15� ± 22� to
31� ± 21�, respectively (mean difference: 16; 95% CI,

8–25; p\ 0.000).

Conclusions Age should not be used as a reason to not

consider revision surgery to RSA in patients older than 80

years. Further studies with a prospective design, larger

sample size, investigating risk factors for complications or

poor outcome, and incorporation of functional scores are

required.

Level of Evidence Level IV, therapeutic study.

Introduction

Owing to an increase in life expectancy in developed

countries along with the increased prevalence of shoulder

conditions with aging, shoulder arthroplasty in elderly

patients is becoming increasingly common [12, 20]. By the

time patients with a failed shoulder arthroplasty require

revision surgery, a substantial number are older than 80

years. Concerns regarding the outcomes of revision to

reverse shoulder arthroplasty (RSA) in patients older than

80 years are the result of the potential effect of surgery on

patients’ general health, the possibility of substantial bone

wear and poor bone quality, lesser functional demands, and

postoperative instability secondary to poor soft tissues [7].

Therefore, consideration of revision to RSA in the older

population is a topic of current interest.

Total shoulder arthroplasty (TSA) in older patients (80

years and older) provides good pain relief and restoration

of function with an acceptable rate of complications and

mortality [3, 7, 19, 20]. Interestingly, the results of RSA

in patients 80 years or older have not been reported, to

our knowledge. Cazeneuve and Cristofari [2] reported

disappointing long-term functional and radiographic

outcomes of RSA in elderly patients. However, they

included only procedures performed for fracture or frac-

ture-dislocations, and the age range of their patients was

58 to 92 years.

Special consideration must be given to revision

arthroplasty in elderly patients. By the time patients with

a failed shoulder arthroplasty require revision surgery,

many are older than 80 years. Nonetheless, medical and

surgical complications, pain relief, restoration of func-

tion, and implant survival after revision to a RSA in these

elderly patients have not been reported, to our knowl-

edge. This topic needs to be considered when

contemplating whether these patients are too frail for

revision surgery.

We therefore asked (1) What are the 90-day medical and

surgical complications after revision to RSA in patients

older than 80 years? (2) What are the 2- and 5-year survival

rates after revision? (3) Was there an improvement in pain

at rest or with activity, range of motion (ROM), and

strength after revision surgery?

Patients and Methods

A retrospective study was conducted to respond to the

research questions. After institutional review board

approval (Protocol ID 16-001464), our institutional total

joint registry database was used to identify all patients

undergoing RSA between January 2004 and December

2013 by any of the three senior surgeons (JSS, RHC, and

JWS). Inclusion criteria were age 80 years or older, revi-

sion arthroplasty (conversion of TSA, hemiarthroplasty, or

RSA to a RSA, which was considered the index procedure),

minimum clinical followup of 2 years (or less in patients

who needed a revision surgery or died), and availability of

preoperative and recent postoperative AP and axillary

radiographs. Inclusion of patients was not restricted to

specific indications or type of previous implants.

During the period in question, our general indications for

use of RSA in the revision setting included pain and

shoulder dysfunction secondary to failure of previous

shoulder arthroplasty because of instability, glenoid loos-

ening with bone loss, or rotator cuff insufficiency. The

indication for revision to RSA did not change during the

study period. The index procedure (revision to RSA in

patients 80 years or older) was the first revision arthroplasty

in 33 (87%) patients and the second in five (13%) patients.

A total of 1289 RSAs were performed during the study

period by the three senior surgeons participating in this

study. Of these, 276 were performed in patients 80 years or

older, and 38 of them were for revision arthroplasty

(Table 1). The mean age and BMI were 84 years (SD, ± 3

years) and 28 kg/m2 (SD, ± 6 kg/m2), respectively. Of the

38 patients, the indications for revision arthroplasty

included: rotator cuff tear after anatomic TSA or hemi-

arthroplasty in 12 (32%), glenoid wear after

hemiarthroplasty in 10 (26%), glenoid loosening in seven

(18%), instability in four (11%), painful arthroplasty in two

(5%), implant loosening or fracture in two (5%), and

infected TSA in one (3%). Revision RSA was performed for

failed hemiarthroplasty in 18 (47%) patients, failed TSA in

18 (47%) patients, and failed RSA in two (6%) patients.

The mean clinical and radiographic followups were 28

months (range, 1–77 months) and 21 months (range, 1–73

months). At most recent followup, five of the 38 patients
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were alive but were lost to followup and two patients had

died within the first 2 years after their revision surgery. All

38 patients were included for the analysis of mortality and

morbidity, but only 31 (82%) patients with a minimum

followup of 2 years (or until revision surgery) were

included in the analysis of surgical complications, reoper-

ations, clinical outcomes, and radiographic outcomes. All

patients returned to the clinic for followup at some time

after surgery. Their most recent followup was a physical

examination for 18 (47%) patients and a validated ques-

tionnaire that our institutional total joint registry sends to

patients unable to return for followup for 20 (53%) patients

[23]. The questionnaire includes functional scores (Amer-

ican Shoulder and Elbow Surgeons and Simple Shoulder

Test scores), but because no preoperative data were

available for these tests, they were not included in our

study.

After the retrospective chart review was completed, a

radiographic assessment was done in which all preopera-

tive (before index procedure), early followup, and last

followup radiographs were evaluated by two senior

surgeons (JSS and JWS) blinded to the clinical outcomes.

The final conclusion on each radiographic reading was

achieved by consensus between both surgeons (JSS and

JWS). The analysis of data included mortality, morbidity

(medical complications), surgical complications, reopera-

tions, clinical outcomes, and radiographic outcomes.

Surgical Procedure

All surgical procedures were performed through a del-

topectoral approach. The mean operative time was 108

minutes (SD, ± 35 minutes). There were 31 (82%) Com-

prehensive1 Reverse Shoulder System prostheses (Biomet,

Warsaw, IN, USA), four (10%) Encore Reverse1 shoulder

prostheses (DJO Global, Vista, CA, USA), and three (8%)

Delta1 Reverse shoulder systems (DePuy, Warsaw, IN,

USA). Bone graft was used in 12 (32%) patients: two (5%)

on the humeral side and 10 (26%) on the glenoid side. The

humeral component was cemented in 14 (37%) patients.

Outcome Measurement

Data collection was performed by researchers (EAG and

NJC) not involved in the care of the patients and included

mortality, major and minor medical complications, surgical

complications, reoperations, clinical outcomes, and radio-

graphic outcomes. A medical complication was considered

any unexpected medical event that was directly or indi-

rectly related to the surgical procedure or general

anesthesia, including, but not limited to, postoperative

anemia, acute pneumonia, urinary tract infection, stroke,

acute myocardial infarction, acute renal failure, atrial fib-

rillation, or venous or artery thrombosis). A major

complication was considered a medical complication that

increased the hospital stay. Surgical complications

included, but were not limited to, deep or superficial

infection, wound dehiscence, postoperative hematoma,

nerve palsy, component dissociation, implant loosening,

complex regional pain syndrome, shoulder stiffness, or

continued pain without an identifiable cause. Time to death

and cause of death were extracted along with any medical

complication that occurred during the hospital stay or

within 90 days of discharge.

The clinical and radiographic outcomes included (1)

preoperative and postoperative pain; (2) preoperative and

postoperative active ROM for forward flexion, external

rotation, and internal rotation; (3) preoperative and post-

operative strength for shoulder elevation, abduction,

external rotation, and internal rotation; (4) preoperative

radiograph characteristics; (5) postoperative radiograph

characteristics during the early (within 6 weeks after

Table 1. Demographic characteristics and comorbidities

Parameter Number (%)*

Gender

Male 14 (37)

Female 24 (63)

Side

Right 25 (66)

Left 13 (34)

Dominant side surgically treated 25 (66)

Tobacco use 14 (37)

ASA grade

I 0 (0)

II 14 (37)

III 23 (60)

IV 1 (3)

Comorbidities

Diabetes mellitus 7 (18)

Hypertension 30 (79)

Coronary artery disease 19 (50)

Myocardial infarction 10 (26)

Congestive heart failure 9 (24)

Peripheral vascular disease 10 (26)

Dementia 5 (13)

Chronic obstructive pulmonary disease 5 (13)

Peptic ulcer disease 13 (34)

Renal failure 6 (16)

ASA = American Society of Anesthesiologists; *percentage of

patients with respect to the entire sample (38 patients).
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surgery) and final followups; and (6) complications and

reoperations. The postoperative pain, ROM, and strength

were collected at the last followup. Pain was graded using a

1 to 5 Likert-type scale, where 1 was no pain, 2 mild pain,

3 pain after usual activities, 4 moderate pain, and 5 severe

pain. ROM was measured by the senior surgeons (JSS and

JWS) during followups or reported by the patients using

the validated questionnaires [23]. Strength was graded as 0

if no movement was observed, 1 if there was visible con-

traction but no segment movement, 2 if there was active

movement on resistance without gravity, 3 if there was

active movement against gravity, 4 if there was active

movement against gravity and examiners’ resistance, and 5

if there was normal strength. A clinical failure was con-

sidered as the need for revision surgery regardless of the

etiology.

The radiographic information collected during the

radiograph reading session included humeral head superior

and AP subluxation during all three periods (preoperative,

immediate postoperative, and late postoperative), preop-

erative glenoid erosion degree and location, and presence

of humeral or glenoid component loosening (presence of

subsidence, shifting, migration, or tilt) at the immediate

and late postoperative periods. The degree of subluxation

was categorized as none, mild (\ 25%), moderate (25%-

50%), and severe ([ 50%). Scapular notching was classi-

fied according to Sirveaux et al. [22].

Preoperative radiographs showed no superior subluxa-

tion in seven (21%) patients, mild in two (6%), moderate in

six (18%), and severe in 18 (55%). There was no AP

subluxation in 19 (58%) patients, moderate posterior sub-

luxation in five (15%), posterior dislocation in two (6%),

mild anterior subluxation in one (3%), moderate anterior

subluxation in two (6%), severe anterior subluxation in

three (9%), and anterior dislocation in one (3%). Nineteen

(58%) patients had mild or moderate glenoid erosion,

which was superior in eight (24%), superior-central in six

(18%), medial in three (9), superomedial in one (3%), and

central in one (3%). Radiographic evidence of glenoid and

humeral loosening was observed in eight (24%) and one

(3%) shoulders, respectively.

Statistical Analysis

Descriptive statistics were used to summarize outcomes.

Data were reported as number of patients (n), percentage,

mean, median, SD, and range. The comparison between

preoperative and postoperative outcomes was performed

with a paired t-test (for quantitative variables) or Bowker’s

test of symmetry (for qualitative variables), which is an

extension of McNemar’s test for paired comparison of

categorical data. The 2- and 5-year cumulative probability

of revision or radiographic loosening (survival analysis)

was calculated using the competing risk of death method of

Gooley et al. [8]. Rates were reported with 95% CIs. The a
level was set at 0.05. All the statistical analyses were

conducted using SAS version 9.4 (SAS Institute Inc, Cary,

NC) and SPSS, Version 21.0 (IBM Corporation, Armonk,

NY, USA).

Results

The risk of medical complications was 8% (three of 38

patients), risk of surgical complications was 13% (five of

38 patients), 90-day mortality was 3% (one of 38 patients),

1-year mortality was 5% (two of 38 patients), and total

mortality was 26% (10 of 38 patients). Medical compli-

cations included pneumonia in 3% (one of 38) of patients,

urinary tract infection in 3% (one of 38), and stroke in 3%

Fig. 1A–B The cumulative incidence of (A) revision and (B) implant

loosening using the competing risk of death method are shown.
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(one of 38). Surgical complications included glenoid

loosening in 8% (three of 38) of patients, deep infection

with humeral component loosening in 3% (one of 38), and

component dissociation in 3% (one of 38). The reoperation

rate was 13% (five of 38 patients). Reoperations because of

glenoid loosening occurred at 2, 9, and 15 months after the

index procedure. Reoperations because of deep infection

and component dissociation occurred at 35 months and at 1

month after the index procedure, respectively. There were

no cases of scapular notching. Median time to death was 46

months (range, 1–93 months). Causes of death included

myocardial infarction in 8% (three of 38, at 12, 61, and 93

months after surgery) of patients, pneumonia in 5% (two of

38, at 26 and 65 months after surgery), stroke in 3% (one of

38, at 1 month after surgery), and undetermined in 10%

(four of 38, at 25, 53, 40, and 73 months after surgery).

The cumulative incidence of revision was 11% (95% CI,

0%–20%) at 2 years and 16% (95% CI, 1%–30%) at 5

years; the cumulative incidence of loosening was 8% (95%

CI, 0%–20%) at 2 years and 16% (95% CI, 1%–28%) at 5

years (Fig. 1).

Pain (at rest or with activity) improved from pre- to

postoperation (preoperative: 4 [range, 2–5]; postoperative:

1 [range, 1–4]; median difference, �2; 95% CI, �3–0; p\
0.000) (Table 2). The active ROM improved during the

preoperative compared with postoperative period: mean ±

SD forward flexion of 52� ± 40� to 109� ± 44�, respec-
tively (mean difference, 56; 95% CI, 40–72; p\ 0.000),

and mean ± SD external rotation of 15� ± 22� to 31� ±

21�, respectively (mean difference, 16; 95% CI, 8–25; p\
0.000) (Table 2). The strength for abduction improved

during the preoperative compared with postoperative per-

iod: median ± range of 3 (2–4) to 4 (2–5), p = 0.039

(Table 2). With the numbers available, there were no dif-

ferences in active internal rotation ROM and strength

(forward flexion, external rotation, and internal rotation)

between the preoperative and postoperative periods

(Table 2).

Discussion

Despite shoulder replacement being a successful procedure

[4, 12, 13, 16, 18, 21, 24, 26], failed arthroplasty does

occur, mainly owing to implant loosening, instability, or

cuff tear with time. Failed arthroplasties have a substantial

negative effect on patients’ function and quality of life. By

the time a revision arthroplasty is needed, many patients

are older than 80 years. Elderly patients may have an

increased risk of mortality, medical and surgical compli-

cations, and reoperations, along with potentially worse

outcomes compared with younger patients. RSA is being

increasingly used in the revision setting. Currently, there is

no information available, to our knowledge, regarding the

risk of medical or surgical complications, survivorship,

pain relief, or functional improvement with revision to

RSA in patients older than 80 years.

Our study has some limitations. First, this was a retro-

spective case series without a comparison group (similar-

aged group undergoing a different treatment or patients

younger than 80 years). The retrospective case series nature

of the study entails no possibility to establish a causal-

effect relationship between the surgical procedure and the

outcomes evaluated. In retrospective studies, there is a risk

of selection bias by having changed the indication of RSA

with time as experience with this implant increased.

However, the indications did not change with time in the

current sample and initial lack of experience with this

implant should not have been an issue given that the first

patient older than 80 years undergoing revision to RSA had

the operation 2 years after the implant was being used in

our institution and the majority had the operation at least 6

years after the first RSA was used. Retrospective studies

also have the risk of transfer bias related to completeness of

followup. Patients lost at followup did not affect the

analysis of medical or surgical complications as all patients

were included. However, only 31 patients (82%) had a

followup greater than 2 years, but we believe this is an

Table 2. Preoperative and postoperative pain, ROM, and strength

Parameter Preoperative Postoperative* Mean/median difference (95% CI) p value

Forward flexion ROM (�)(mean ± SD)* 52 ± 40 109 ± 44 56 (40–72) \ 0.000

External rotation ROM (8)(mean ± SD)* 15 ± 22 31 ± 21 16 (8–25) \ 0.000

Pain (median/range) 4 (2–5) 1 (1–4) �2 (�3 to 0) \ 0.000

Internal rotation ROM (median/range) Sacrum (T10-abdomen) Buttock (T6-abdomen) 0.296

Forward flexion strength (median/range) 4 (2–5) 4 (2–5) 0 (�1 to 2) 0.68

Abduction strength (median/range) 3 (2–4) 4 (2–5) 1 (�1 to 2) 0.039

External rotation strength (median/range) 3 (2–4) 4 (2–5) 1 (�1 to 2) 0.069

Internal rotation strength (mean/range) 3 (2–4) 4 (2–5) 1 (�1 to 2) 0.065

* One missing value of the 38 patients during the postoperative period.
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acceptable rate of patients lost considering the sample

characteristics and we believe this has had no substantial

effect on the results. Second, this study has a risk of

assessment bias because radiographic parameters were

evaluated by the actual shoulder surgeons operating on the

patients included in this study. The final decision was made

by consensus as opposed to blinded decisions, so there is

no possibility to evaluate the reproducibility of the radio-

graphic measurements. We tried to limit the effect of this

issue by blinding the observers to the clinical outcomes.

Third, there is a certain risk of having missed minor

complications in patients who had them develop postop-

eratively but which were not reported. Nonetheless, it is

unlikely that this affected major complications. Fourth, all

surgical procedures were conducted by subspecialty-

trained, high-volume, experienced shoulder surgeons.

Therefore, the generalizability of the results should be

considered with caution, because complications and mor-

tality depend on the surgeon’s experience [9–11, 14].

The 30-day and 90-day mortality of shoulder

arthroplasty in the general population is 0.4% and 0.58%,

respectively [6, 25]. In the current study, only one (3%)

patient died during the first 90 days. The overall mortality

rate in our patients was 26%, which is not surprising

considering the age of the patients (mean, 84 years) and

current life expectancy in the United States (76 years for

men and 81 years for women) [1]. Perioperative medical

complications of shoulder arthroplasty in the general pop-

ulation range between 1.2% and 8% [5, 6, 10]. In patients

older than 80 years, the rate of perioperative complications

ranges between 0% and 9% (Table 3). In our study, three

(8%) patients experienced major perioperative medical

complications, including pneumonia and stroke in one

patient each. Ricchetti et al. [19] compared the 90-day

mortality and complication rates between patients older

and younger than 80 years undergoing TSA. Although their

mortality rate was 0%, the rate of complications in each

group was 7% and 2%, respectively. They also found that

older patients had an increased rate of transfusion (16%

compared with 2%) and a decreased number of direct home

discharges (67% compared with 98%). Revision to RSA

was not related to serious medical complications, but

patients should be advised that their risk of perioperative

complications is likely increased compared with their

younger counterparts. Regarding surgical complications

and reoperation rate, the 13% chance observed in our study

does not seem exceedingly high considering the sample

characteristics. Overall, the reoperation rate in our patients

is slightly higher compared with those reported in other

studies including primary anatomic replacement and RSA

(Table 3) [3, 7, 15, 17].

Patients older than 80 years who need revision to RSA

may expect a survival revision-free and implant loosening-

free of 16% at 5 years. At a median followup of 5.5 years,

Foruria et al. [7] reported glenoid loosening and revision

arthroplasty rates of 8% and 7% in primary anatomic

shoulder arthroplasty performed in octogenarians, respec-

tively (Table 3). Using primary RSA in patients older than

80 years, Mangano et al. [15] reported no glenoid com-

ponent loosening at a mean followup of 59 months

(Table 3). Patients older than 80 years should be advised

that survival after revision to RSA is lower than after pri-

mary anatomic replacement or RSA. However, when pain

and functional impairment are substantial after an attempt

with conservative treatment, a 16% chance of failure at 5

years would not justify recommending against revision to

RSA in these patients.

The pain relief and ROM outcomes are somewhat

variable across studies with a similar aged population

(Table 3). Variability of results can be explained by dif-

ferences in the type of procedure (primary versus revision),

type of implant (hemiarthroplasty, TSA, or RSA), and

length of followup (Table 3). None of the previous studies

included revision arthroplasty in patients older than 80

years (Table 3). In general, shoulder arthroplasty provides

substantial pain relief and increase in ROM [3, 7, 15, 17].

Forward flexion and external rotation in our study patients

were slightly lower [3, 7] compared with those reported in

other studies (Table 3). That our study was limited to

revision arthroplasty is the most likely explanation for the

differences in ROM between our study and others.

Given the low risk of serious medical and surgical com-

plications, the 16% chance of revision failure (need for

another revision surgery or implant loosening developing) at

5 years, and the improvement in pain, forward flexion ROM,

external rotation ROM, and abduction strength age should not

be used as a reason to not consider revision to RSA in patients

older than 80 years. Further studies with a preoperative and

postoperative, prospective design, larger sample size, inves-

tigating risk factors for complications or poor outcome, and

incorporation of functional scores are required.
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