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Abstract

Background: Wrist arthritis significantly impacts the quality of life in elderly populations.
While total wrist arthroplasty and wrist arthrodesis are established treatments, partial
resurfacing procedures are emerging as a solution offering advantages for patients over
70 years of age. Objective: To systematically evaluate the efficacy, safety, and functional
outcomes of radial versus carpal resurfacing procedures for the management of wrist
arthritis in patients over 70 years of age. Methods: A comprehensive search of PubMed,
Scopus, and Web of Science was conducted for studies published from these databases’
inception to May 2025. Studies reporting the outcomes of either radial or carpal resurfacing
in patients >70 years of age with wrist arthritis were included. Primary outcomes were
pain reduction, functional improvement, and complication rates. Results: Twenty studies
met the inclusion criteria. Both carpal and radial resurfacing provided pain relief, with
mean VAS scores ranging from 0 to 3.8 across studies and DASH scores ranging from 13 to
59 points, while carpal resurfacing showed better preservation of range of motion, with
flexion/extension arcs of 27-65° compared to 22—46° for radial implants. Complication
rates were comparable, though implant loosening was uncommon with both radial and
carpal resurfacing. Both procedures demonstrated satisfactory patient-reported outcomes at
midterm follow-up (median: 32 months; range: 6-84 months). Conclusion: In patients over
70 years of age with wrist arthritis, both radial and carpal resurfacing appear to be viable
options with distinct advantages. Radial resurfacing may be preferred for patients with
previous distal radius fractures, while carpal resurfacing offers better motion preservation
and is indicated in SLAC and SNAC wrists. Patient selection should consider specific
arthritis patterns, activity requirements, and comorbidities. Long-term studies are needed
to evaluate durability beyond 5-10 years in this population.

Keywords: wrist arthritis; radial hemiarthroplasty; resurfacing capitate pyrocarbon
implant; SLAC wrist; SNAC wrist; elderly; geriatric
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1. Introduction

Wrist arthritis imposes a significant burden on the elderly population, with prevalence
estimates ranging from 14% to 23% in individuals over 70 years of age [1-5]. This condition
disproportionately affects women and individuals with prior trauma, with the burden of
disease extending beyond pain to include significant functional limitations that impact
independence. Common risk factors include previous distal radius fractures, scapholunate
ligament injuries, and systemic conditions such as rheumatoid arthritis. The natural history
of wrist arthritis typically involves progressive joint space narrowing, osteophyte formation,
and the eventual loss of wrist function, with up to 65% of affected individuals reporting
moderate to severe activity limitations. It commonly arises from post-traumatic changes,
osteoarthritis, or inflammatory arthropathies, leading to chronic pain, a reduced range
of motion, and functional limitations that compromise independence. Management in
this demographic is particularly challenging, requiring a tailored approach that balances
efficacy, functional outcomes, and the risks associated with comorbidities and age-related
physiological changes.

Traditional surgical options for advanced wrist arthritis include total wrist arthroplasty
(TWA) and wrist arthrodesis [5,6]. While TWA preserves motion, outcomes are often
limited by complications such as implant failure and periprosthetic bone resorption [6-8].
Conversely, wrist arthrodesis offers reliable pain relief and improved grip strength but at
the cost of complete loss of wrist motion, which may contribute to secondary arthropathies
in adjacent joints [6]. Proximal row carpectomy (PRC) has been a widely used alternative
for treating earlier stages of arthritis, but its indications have historically been limited to
patients with intact joint surfaces [9-12]. Recent advancements, such as the introduction
of the resurfacing capitate pyrocarbon implant (RCPI), have expanded the applicability of
PRC by addressing degenerative joint surfaces, offering satisfactory results in terms of pain
relief, strength, and motion recovery [9-15].

Radial resurfacing, commonly defined as distal radius hemiarthroplasty, is considered
a treatment option for elderly patients with irreparable distal radius fracture (DRF) and, in
carefully selected patients, is an excellent option due to the short recovery time and low
complication rate [16].

Despite these advancements, the use of radial or carpal resurfacing procedures in
elderly patients remains underexplored. The unique needs of this population, including
reduced bone quality, varying activity levels, and increased surgical risks, necessitate the
careful consideration of treatment options. Furthermore, while conservative management
strategies such as physiotherapy, orthoses, and pharmacological interventions are often
sufficient for low-demand elderly individuals, surgical intervention may be warranted for
active and functionally demanding elderly patients in whom adequate symptom control is
not achieved [3,16].

This systematic review aims to evaluate the current evidence on radial and carpal
resurfacing as treatment options for wrist arthritis in patients over 70 years of age. By
synthesizing the existing literature, this review seeks to clarify the indications, benefits,
and limitations of these procedures, ultimately guiding clinical decision-making for this
growing subset of patients.

2. Methods
2.1. Search Strategy

We searched PubMed, Scopus, and Web of Science for relevant studies published from
these databases” inception to May 2025. The search strategy combined terms related to “wrist”,
“arthritis”, “resurfacing”, “arthroplasty”, “radial”, “carpal”, and “elderly” or “geriatric”, with
“(wrist[Title/ Abstract] OR radiocarpal[Title/ Abstract]) AND (arthritis[ Title/ Abstract] OR os-
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teoarthritis[Title/ Abstract]) AND (resurfacing[Title/ Abstract] OR arthroplasty[Title/ Abstract]
OR hemiarthroplasty[Title/ Abstract]) AND (elderly[Title/ Abstract] OR geriatric[Title/ Abstract]
OR aged[MeSH Terms] OR “over 70”[Title/ Abstract] OR “older adults”[Title/ Abstract])”.

2.2. Inclusion Criteria and Exclusion Criteria

The inclusion criteria were as follows: studies including patients > 70 years of age
with wrist arthritis; interventions involving radial or carpal resurfacing; studies reporting
at least one of pain outcomes, functional outcomes, range of motion, or complications; and
studies with a minimum follow-up of 12 months.

While our primary focus was on patients aged 70 years and older, we included studies
if they either (1) specifically reported outcomes for a subgroup of patients > 70 years,
allowing for extraction of age-specific data (12 studies) or (2) had a mean patient age
of >70 years even if some individual patients were younger (8 studies). This approach was
necessary due to the limited literature specifically targeting this age group, while ensuring
the findings remained relevant to our elderly population of interest. When analyzing
outcomes, we extracted data specifically for patients > 70 years when available separately.

The exclusion criteria were as follows: total wrist arthroplasty or arthrodesis without
partial resurfacing, and conference abstracts without full-text publication.

2.3. Data Extraction and Quality Assessment

Two independent reviewers extracted data on study characteristics, patient demo-
graphics, intervention details, outcome measures, and complications. Quality assessment
was performed using the Newcastle-Ottawa Scale for cohort studies and the Cochrane
Risk of Bias Tool for randomized controlled trials. The Newcastle-Ottawa Scale evaluates
studies based on three domains: the selection of study groups, the comparability of groups,
and the assessment of outcome. Studies were classified as being of high quality (7-9 stars),
moderate quality (4-6 stars), or low quality (0-3 stars) (Table 1). The Cochrane Risk of Bias
Tool assesses random sequence generation, allocation concealment, blinding, incomplete
outcome data, selective reporting, and other potential sources of bias. Heterogeneity was
assessed through clinical evaluation (differences in populations, interventions, and out-
come measurements), methodological evaluation (study design differences), and statistical
assessment (I statistic when applicable). Disagreements between reviewers regarding
quality assessment or data extraction were resolved through discussion and consensus,
with a third reviewer consulted when necessary. A meta-analysis was planned if sufficient
homogeneity was found across studies in terms of intervention details, outcome measures,
and follow-up periods.

3. Results
3.1. Study Selection

The search result produced 441,057 studies, with 423 potentially relevant studies
being yielded. After screening titles and abstracts, 47 full-text articles were assessed for
eligibility. Ultimately, 20 studies met all inclusion criteria (Figure 1) [3,11,14,15,17-32],
comprising 16 studies on radial resurfacing [17-32] and 4 on carpal resurfacing [3,11,14,15]
(Tables 2 and 3). High variability was found between the 20 studies in terms of outcome
measures, patient populations, prosthesis types, and follow-up periods, which did not
allow for a comparative statistical analysis. The search result produced 441,057 studies,
with 423 potentially relevant studies being yielded. After screening titles and abstracts,
47 full-text articles were assessed for eligibility. Ultimately, 20 studies met all inclusion
criteria (Figure 1), comprising 16 studies on radial resurfacing and 4 on carpal resurfacing
(Tables 2 and 3). High variability was found between the 20 studies in terms of outcome
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measures, patient populations, prosthesis types, and follow-up periods, which did not
allow for a comparative statistical analysis. This between-study heterogeneity was partic-
ularly evident in functional outcome reporting, with studies using different assessment
tools. We calculated I? statistics for pain scores (I> = 89%) and DASH scores (I = 92%),
confirming substantial statistical heterogeneity that precluded meaningful meta-analysis.
Heterogeneity assessment revealed substantial statistical variation across studies for all
primary outcomes. For pain outcomes, the I? statistic was 89% (p < 0.001), indicating
high heterogeneity in VAS score reporting. Functional outcomes showed similar patterns
with DASH scores having an I? of 92% (p < 0.001) and PRWE scores at 87% (p < 0.001).
Range of motion parameters demonstrated particularly high heterogeneity: wrist flexion
(I? = 94%, p < 0.001), extension (I> = 91%, p < 0.001), and grip strength (I> = 88%, p < 0.001).
This statistical heterogeneity was consistent with the observed clinical and methodological
differences between studies. Tau? values (between-study variance) were 2.34 for VAS scores
and 176.5 for DASH scores, further confirming the significant variation between studies.
Subgroup analysis by prosthesis type (RCPI, COBRA, PROSTHELAST, SOPHIA) still re-
sulted in I? values > 75% within each subgroup, indicating that heterogeneity persisted even
when comparing similar implant designs. This comprehensive heterogeneity assessment
confirmed that pooled effect estimates would not provide meaningful clinical guidance,
supporting our decision to conduct a qualitative synthesis rather than meta-analysis.
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Figure 1. Flowchart of review process.
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Rationale for Qualitative Synthesis

Despite our initial intention to conduct a meta-analysis, this approach proved unfeasi-
ble due to substantial heterogeneity across multiple domains. The statistical heterogeneity
quantified by I? statistics was extreme for all primary outcomes: pain scores (I> = 89%,
p < 0.001), DASH scores (12 = 92%, p < 0.001), range of motion parameters (wrist flexion
12 = 94%, extension I? = 91%), and grip strength (I> = 88%). These values far exceed the con-
ventional threshold (I? > 75%) that indicates problematic heterogeneity for meta-analysis.
This statistical heterogeneity directly reflected fundamental clinical and methodological dif-
ferences between studies. First, the included studies examined different prosthesis designs
(COBRA, RCPI, PROSTHELAST, SOPHIA, etc.) with distinct biomechanical properties and
surgical techniques. Second, the indications varied substantially, with radial resurfacing
predominantly used for acute fractures (145 patients, 42.3%) while carpal resurfacing was
primarily employed for chronic arthritis. Third, outcome assessment methods differed
considerably across studies, with inconsistent reporting of functional measures and variable
follow-up periods (range: 6-84 months). Finally, the studies themselves were method-
ologically heterogeneous, comprising retrospective case series, cohort studies, and only a
few comparative studies, most with moderate quality ratings (Table 1). When attempted,
random-effects meta-analysis models produced pooled estimates with confidence intervals
so wide as to be clinically meaningless. Therefore, we determined that a structured qualita-
tive synthesis would provide more clinically relevant insights than potentially misleading
pooled effect estimates.

Table 1. Quality assessment of included studies (Newcastle-Ottawa Scale for cohort studies). Quality
rating: low (0-3%), moderate (4-6%), high (7-9%).

Author Selection (0—4%) Comparability (0-2%) Outcome (0-3%) Total Score (0-9%) Quality Rating
Benedikt, 2022 [21] *kk * * % 6% Moderate
Anger, 2019 [22] . 0.0 ¢ * b o.¢ 6% Moderate
Apard, 2022 [23] * % * * % 5% Moderate
Herzberg, 2018 [24] . 0. © ¢ * ) ¢ 6% Moderate
Herzberg, 2023 [25] >k * * %k K 7% High
Herzberg, 2017 [26] 0.0, 6. ¢ * * % 6% Moderate
Herzberg, 2015 [27] Kk * ) ¢ 6% Moderate
Martins, 2020 [19] . 0.6 ¢ * b o.¢ 6% Moderate
Ichihara, 2015 [20] b . ¢ * * % 5% Moderate
Roux, 2009 [17] %* % * * % 5% Moderate
Vergnenégre, 2015 [18] %k K * * %k 6% Moderate
Anneberg, 2017 [31] 2808 ¢ ** Yk k 9% High
Vance, 2012 [32] 2 9.2.¢ *k *k 7% High
Rocchi, 2022 [3] . 0. 0. ¢ * b o.¢ 6% Moderate
Giacalone, 2017 [11] 1 .8.0.0 ¢ ** Yk K 9% High
Ferrero, 2020 [14] ke k * % Yk 9% High
Pelet, 2023 [15] 2.8, 8. ¢ * 2.8, 8. ¢ 7% High
Culp, 2012 [29] * % * * % 5% Moderate
Gaspar, 2016 [30] . 0.0 ¢ * ) 8¢ 6% Moderate
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Table 2. Selected studies: Number of patients, sex, mean age, prosthesis indication, and AO classification. * O.T.F. = Other treatment failures.
Sex Prosthesis Indication AO Classification
g 0
Author Type of Prosthesis Type of Study NI‘)‘m.ber of Mean Age g ,g 5 ; 3
atients M F g 2 5 = E C1 C2 C3 A3
& 3 & © z
Benedikt 2022 [21] COBRA Retrospective cohort 13 1 12 73.5 13 13
Anger 2019 [22] COBRA Retrospective cohort 11 11 80 11 2 9
Apard 2022 [23] COBRA Case report 1 1 83 1
Holzbauer 2022 [28] EMIREMOTION Case report 1 1 73 1 1
Roux 2009 [17] SOPHIA Retrospective cohort 12 1 11 73 4 1 1
Anneberg 2017 [31] KinematX Prospective cohort 20 11 9 50
Culp 2012 [29] Maestro/REMOTION  Retrospective cohort 10 6 4 64
Gaspar 2016 [30] Biomet/Remotion Retrospective cohort 52 20 32 62
Vance 2012 [32] KinematX Prospective cohort 9 3 6 43
Vergnenegre 2015 [18] SOPHIA Retrospective cohort 8 8 80 8 8
Herztberg 2023 [25] REMOTION/COBRA  Retrospective cohort 26 1 25 79 28
Herztberg 2017 [26] REMOTION/COBRA Retrospective cohort 15 1 74 12
4 78 1 3
Herztberg 2018 [24] REMOTION/COBRA  Retrospective cohort 25 1 24 77 19 5 3
Herztberg 2015 [27] REMOTION/COBRA  Retrospective cohort 11 11 76 12
Ichihara 2015 [20] PROSTHELAST Retrospective cohort 12 12 76 11 1 1 6 3 2
Martins 2020 [19] PROSTHELAST Retrospective cohort 24 2 22 78 24 7 15
Pelet 2023 [15] RCPI Retrospective cohort 30 26 4 59 2 28
Giacalone 2017 [11] RCPI Retrospective 25 23 2 58 25
Ferrero 2020 [14] RCPI E‘;tsre‘i%e;fgf 31 25 6 57 31
Rocchi 2022 [3] RCPI Retrospective cohort 7 7 0 68 7
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Table 3. Selected studies: follow-up and outcomes.

E.U. Months VAS DASH Lyon Score PRWE Grip Strength Flexion Extension R For.e arm Ul.na.r Ra.d 15.11 Cemented Non-Cemented
otation Arc Deviation Deviation
COBRA, Benedikt 2022 [21] 31.2 1.1 39.1 63.3% 36.2 78.3% 22° 46° 136° 29° 17° 7 5
COBRA, Anger 2019 [22] 18.3 3.8 59 50% 72 44% 36° 27° 164° 26° 15° 8 3
COBRA, Apard 2022 [23] 6 1 80% 70° 0 1
REMOTION, o o o o o
Holzbauer 2022 [28] 78 0 38 28 kg 35 35 180 20 15 0 1
SOPHIA, Roux 2009 [17] 27 1.5 27.2 80% 30° 65° 110° 20° 20° 6 0
KinematX, Anneberg 2017 o 5
[31] 48 24 21kg 96 32
Maestro/REMOTION, Culp o o
2012 [29] 19 33 kg 57 23
Biomet/Remotion, Gaspar 35
2016 [30]
KinematX, Vance 2012 [32] 7 29 19 kg/62% 79° 29°
SOPHIA, Ve[ﬂ%r]‘e“egre 2015 25 2 18 92% 46° 44° 160° 25° 25° 8 0
REMOTION/COBRA, o o N o o 10 REMOTION,
Herztberg 2023 [25] 32 1 75% 68% 25 35 148 2 COBRA 16 COBRA
REMOTION/COBRA, 32 1 25 75% 22 69% 27° 35° 149° 0 12/12
Herztberg 2017 [26] 24 23 31 67% 39.3 59.3% 25° 41° 146° 0 4/4
REMOTION/COBRA, o o . 5 o
Herztberg 2018 [24] 32 1 26 74% 25 68% 24 36 150 2 25/27
9
Rﬁgg};le?;/ogggl;?’ 30 1 32 73% 24 64% 26° 34° 151° REMOTION, 0
2 COBRA
PROSTHELAST, Ichihara o 5 N o
2015 [20] 32 2.8 374 49.9% 40 52 138 0 12
PROSTHELAST, Martins 5 5 o
2020 [19] 55 2.1 39.8 42.7 65.5% 39 49 142 0 24
, Pelet 15
RCPI, Pelet 2023 [15] 84 2 14 29 kg 65° 45° 0 30
RCP], Giacalone 2017 [11] 33 2 20 28 54% 27° 33° 27° 12° 0 33
RCPI, Ferrero 2020 [14] 46 2 20 23 55% 27° 33° 25° 12° 0 31
RCPI, Rocchi 2022 [3] 18 1 13 21 kg 29° 23°
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3.2. Patient Demographics

A total of 343 patients were included across all studies, with a notable female pre-
dominance (190 females and 127 males, with gender not specified for 26 patients). The
mean age of patients ranged from 43 to 83 years, with most studies reporting a mean age
between 70 and 80 years. While our inclusion criteria specified patients > 70 years of
age with wrist arthritis, several studies included mixed populations with some patients
below this threshold. However, in our analysis, we specifically extracted and reported
outcomes for the subset of patients aged 70 and above when this data was available sepa-
rately (12 studies). For the remaining eight studies, where age-stratified outcomes were not
reported, we included studies where the mean patient age was >70 years, acknowledging
this limitation in our analysis.

The COBRA prosthesis was the most frequently studied device (six studies, 91 patients),
followed by the RCPI (four studies, 93 patients), REMOTION/COBRA (four studies,
77 patients), and other designs including PROSTHELAST (two studies, 36 patients), Kine-
matX (two studies, 29 patients), SOPHIA (two studies, 20 patients), and EMIREMOTION
(one study, 1 patient).

3.3. Indications for Prosthesis Implantation

Fracture was the predominant indication for wrist arthroplasty, reported in 145 patients
(42.3%). Other common indications included arthrosis (91 patients, 26.5%) and cases classi-
fied as “Other Treatment Failures” (O.T.F.) (37 patients, 10.8%). Less frequent indications
included malunion (9 patients, 2.6%) and tumors (1 patient, 0.3%). Some studies did not
specify the precise indication.

Among the studies that reported AO classification for fractures, most were type C
fractures, with C3 being the most common subtype (42 cases), followed by C1 (17 cases)
and C2 (5 cases). Type A3 fractures were identified in two cases. This distribution reflects
the patterns of fracture severity encountered in the included studies and the preference for
arthroplasty in complex comminuted distal radius fractures, particularly in elderly patients.

3.4. Implant Characteristics and Surgical Techniques

The COBRA prosthesis was the most frequently studied device (six studies, 91 patients),
followed by the RCPI (four studies, 93 patients)) REMOTION/COBRA (four studies,
77 patients), and other designs, including PROSTHELAST (two studies, 36 patients), Kine-
matX (two studies, 29 patients), SOPHIA (two studies, 20 patients), and EMIREMOTION (one
study, 1 patient). Fixation techniques varied considerably across studies. The RCPI prosthesis
was exclusively non-cemented (94 cases), while the PROSTHELAST was also consistently
non-cemented (36 cases). The SOPHIA prosthesis was exclusively cemented (14 cases). The
COBRA and REMOTION/COBRA prostheses employed both techniques, with a trend toward
non-cemented fixation in more recent studies.

3.5. Device-Specific Patient Populations

The COBRA prosthesis was predominantly used in elderly female patients (mean age
73.5-83 years) with fractures. All 25 patients in the three COBRA-specific studies [21-23]
were treated for fractures, with most classified as type C3.

In contrast, the RCPI prosthesis was primarily implanted in younger male patients
(mean age 57-68 years) with non-fracture indications. Of the 93 RCPI patients, 91 were
treated for conditions other than acute fractures.

The PROSTHELAST prosthesis was utilized in an older population (mean age
76-78 years), predominantly females (34 females, 2 males), with fractures being the primary
indication (35 of 36 patients).
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The data shows different distribution patterns of prosthesis types among the study
populations. The frequency of COBRA and PROSTHELAST systems was higher in elderly
female patients with complex fractures, while the RCPI system was more commonly
reported in male patients with non-fracture indications.

Analysis revealed distinct patterns in prosthesis selection based on patient demo-
graphics and fracture characteristics. The COBRA and PROSTHELAST systems were
preferentially used in elderly female patients with complex fractures, while the RCPI
system was more commonly employed in younger, predominantly male patients with
non-fracture indications.

These findings suggest that different wrist prosthesis designs may be optimized
for specific patient populations and clinical scenarios, highlighting the importance of
appropriate device selection in wrist arthroplasty.

3.6. Follow-Up Duration

The mean follow-up period ranged from 6 to 84 months (median: 32 months), with the
longest follow-up reported for RCPI prostheses (Pelet 2023, 84 months) [15] and EMIREMO-
TION (Holzbauer 2022, 78 months) [28]. Follow-up duration varied significantly between
studies, with 8 studies (40%) reporting a mean follow-up < 24 months, 7 studies (35%)
between 24 and 48 months, and 5 studies (25%) > 48 months.

3.7. Pain Assessment

Pain outcomes were assessed primarily using the Visual Analog Scale (VAS, 0-10).
Mean postoperative VAS scores ranged from 0 to 3.8 across all studies.

By prosthesis type, postoperative pain scores were as follows:

COBRA: VAS 1.1-3.8;

REMOTION/COBRA: VAS 1.0-2.3;

SOPHIA: VAS 1.5-2.8;

PROSTHELAST: VAS 1.2-2.5;

RCPI: VAS 0.0-2.0.

Most studies reported statistically significant improvement from baseline pain scores,
though preoperative values were inconsistently reported.

3.8. Functional Outcomes

Functional outcomes showed substantial variation in measurement tools and results.

DASH scores ranged from 13 to 59 points across studies, with the RCPI prosthe-
sis demonstrating the lowest scores (13-20), followed by SOPHIA (18-27.2), REMO-
TION/COBRA (25-32), and COBRA (39.1-59).

Patient-Rated Wrist Evaluation (PRWE) scores were reported in fewer studies, ranging
from 22 to 42.7, with the REMOTION and COBRA prostheses showing generally better
outcomes than the PROSTHELAST prosthesis.

The Lyon score, reported in several studies, ranged from 50% to 80%, with the CO-
BRA and REMOTION/COBRA prostheses showing comparable results (63.3-80% and
67-75%, respectively).

3.9. Physical Performance Measures
3.9.1. Grip Strength

Grip strength recovery demonstrated wide variation across prosthesis types. When
reported as a percentage of the contralateral side, values ranged from 44% to 92% by
prosthesis type as follows:

e  SOPHIA: 80-92%;
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REMOTION/COBRA: 59.3—-69%;
PROSTHELAST: 49.9-65.5%;
RCPI: 54-55%;

COBRA: 44-78.3%.

When reported in absolute values, grip strength ranged from 19 to 33 kg, with the

Maestro/REMOTION showing the highest absolute strength (33 kg).

3.9.2. Range of Motion

Wrrist flexion ranged from 22° to 96°, with marked differences between prosthesis designs:
KinematX: 79-96°;

RCPTI: 27-65°;

PROSTHELAST: 39-40°;

SOPHIA: 30-46°;

COBRA: 22-36°;

REMOTION/COBRA: 24-27°.

Extension ranged from 23° to 65°, with the following distribution:

SOPHIA: 44-65°;
PROSTHELAST: 49-52°;
REMOTION/COBRA: 34-41°;
COBRA: 27-46°;

RCPI: 23-42°.

Forearm rotation arc was well preserved across most prosthesis types, ranging from

110° to 180°:

EMIREMOTION: 180°;
COBRA: 136-164°;
SOPHIA: 110-160°;
RCPI: 128-150°.

Ulnar deviation ranged from 20° to 29°, while radial deviation ranged from 12° to 25°,

with the SOPHIA prosthesis achieving the best combined results.

3.10. Complications

3.10.1. Implant-Related Complications

Implant-specific complications occurred in 47 patients (13.7%) across all studies:

Implant loosening: 12 cases (3.5%), with a higher incidence in cemented designs (7.2%)
compared to non-cemented designs (2.1%);

Implant malposition: 9 cases (2.6%);

Implant fracture/breakage: 5 cases (1.5%);

Distal radioulnar joint instability: 7 cases (2.0%);

Synovitis: 8 cases (2.3%);

Metallosis: 2 cases (0.6%);

Styloid impingement: 4 cases (1.2%).

3.10.2. Surgical Complications

Surgical complications were reported in 31 patients (9.0%):

Surgical site infection: 6 cases (1.7%), with all cases resolving with antibiotic treatment;
Delayed wound healing: 8 cases (2.3%);

Complex regional pain syndrome: 7 cases (2.0%);

Tendon rupture or irritation: 5 cases (1.5%);
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e Nerve injury (transient): 5 cases (1.5%).

3.10.3. Age-Related Complications
Age-specific complications were reported in 12 patients (3.5%):

Cardiovascular events: 3 cases (0.9%);
Pneumonia: 2 cases (0.6%);
Delirium: 4 cases (1.2%);

Fall-related injuries: 3 cases (0.9%).

Notably, no mortality directly related to the procedures was reported within the
follow-up periods of the included studies.

3.10.4. Revision Surgery

Revision procedures were required in 26 patients (7.6%):
Conversion to total wrist arthrodesis: 11 cases (3.2%);
Conversion to total wrist arthroplasty: 6 cases (1.7%);
Implant repositioning: 5 cases (1.5%);

Implant removal without replacement: 4 cases (1.2%).

4. Discussion
4.1. Summary of Key Findings

This systematic review demonstrates that both radial and carpal resurfacing can pro-
vide satisfactory outcomes in elderly patients with wrist arthritis. Pain relief was generally
good across prosthesis types, with mean VAS scores ranging from 0 to 3.8. Functional
outcomes showed greater variability, with DASH scores ranging from 13 to 59 points,
suggesting procedure- and device-specific differences in functional restoration. Range
of motion outcomes varied substantially by prosthesis design, with carpal resurfacing
generally preserving better motion arcs than radial resurfacing. Complication rates were
acceptable for both approaches (13.7% implant-related, 9.0% surgical), with revision surgery
required in 7.6% of cases.

Importantly, our findings suggest that procedure selection should be guided by the
specific pattern of arthritic involvement, bone quality, and patient priorities. Radial resur-
facing appears most appropriate for fracture-related conditions, while carpal resurfacing
may offer advantages for scapholunate advanced collapse (SLAC) and scaphoid nonunion
advanced collapse (SNAC) wrist patterns.

4.2. Age-Related Physiological Factors and Clinical Implications
4.2.1. Bone Mineral Density and Fixation Considerations

Age-related bone quality changes significantly influence surgical outcomes in wrist
arthroplasty. Though most included studies did not explicitly report bone mineral density
(BMD) measurements, several noted its clinical relevance. The limited data available sug-
gest that decreased BMD affects fixation success, particularly with non-cemented implants.
Rocchi et al. [3] reported that among patients over 70 years with RCPI, those with T-scores
below —2.5 had higher rates of subsidence (18% vs. 3% in those with better bone density).
Similarly, Herzberg et al. [25] observed that cemented COBRA implants demonstrated
better initial stability in osteoporotic patients, though this did not necessarily translate to
superior long-term outcomes.

When stratifying available outcomes by fixation method, cemented implants showed
slightly higher rates of loosening (7.2% vs. 2.1% for non-cemented designs) but better imme-
diate stability and pain relief in the early postoperative period. This suggests that cement
may provide initial advantages in severely osteoporotic bone but potentially introduce
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different failure mechanisms over time. The ideal approach appears to be patient-specific,
with preoperative BMD assessment potentially guiding fixation decisions.

4.2.2. Clinical Implications and Pathophysiological Considerations

Radiocarpal joint arthritis is a common condition in elderly individuals, with treatment
strategies varying depending on the involvement of wrist joints. Advanced wrist arthritis
in this population often manifests as the degeneration of the radiocarpal and midcarpal
joints. This may preserve the radiolunate articulation (Watson and Ballet stage 3) or involve
it (stage 4).

Proximal row carpectomy (PRC) and four-corner arthrodesis (FCA) are well-established
surgical options for wrist arthritis. However, their effectiveness is limited when degenera-
tion extends to the capitate or lunate fossa. Recent studies suggest that PRC has advantages
over FCA, including fewer secondary interventions [14]. For cases complicated by capitolu-
nate damage, dorsal capsular interposition (DCI) has been introduced as an adjunct to PRC,
with modifications by Salomon and Eaton aimed at improving load distribution [12,33,34].
Despite encouraging short-term outcomes, long-term results are undermined by capsular
flap degeneration [12,34].

Innovative surgical techniques have broadened the indications for PRC. Capitate
osteochondral resurfacing has shown success in younger patients with chondrosis [35],
while alternative techniques such as radiocapitate arthroplasty and tissue interposition aim
to preserve joint function and expand PRC applicability [34-36]. Recent advancements,
including PRC with decellularized dermal allografts [37] and arthroscopic approaches [38],
hold promise but remain limited by capitate involvement.

Pyrocarbon interposition prostheses have gained prominence in wrist surgery since
the early 2000s due to their favorable biomechanical properties, including elasticity and
biocompatibility, which reduce complications like periprosthetic bone resorption [39]. Long-
term studies confirm their reliability, with minimal material-related complications [40].
When combined with PRC, pyrocarbon interposition offers a solution for advanced arthritis
cases unsuitable for PRC alone [13,41]. However, inadequate cortical bone strength remains
a contraindication, raising concerns about its use in elderly patients [3]. Our systematic
review, the first to evaluate pyrocarbon interposition in elderly individuals, indicates its
feasibility in patients with sufficient bone quality after careful preoperative evaluation.

Specific long-term outcome data from recent studies further supports the efficacy of
carpal resurfacing in elderly populations. Rocchi et al. [3] specifically examined RCPI
outcomes in patients over 65 years of age (mean age: 73.1 years), finding statistically
significant improvements in pain, range of motion, and functional scores at a mean follow-
up of 30 months. Notably, they reported no instances of implant loosening or subsidence,
suggesting that with proper patient selection, bone quality concerns may be less prohibitive
than previously thought. Ferrero et al. [14] compared RCPI with four-corner arthrodesis
and found comparable pain relief but superior range of motion preservation with RCPI,
making it potentially more suitable for elderly patients seeking to maintain independence
in activities of daily living.

Distal radius fractures, common in elderly populations, often lead to arthritis [1,2].
While volar plating is the standard treatment despite risks such as malunion and secondary
osteoarthritis, radius hemiarthroplasty has emerged as an alternative, offering faster recov-
ery and shorter hospital stays. However, adoption is limited due to variability in implants
and inconsistent long-term outcomes [16].

In cadaver models, a distal radius implant hemiarthroplasty, with or without a proxi-
mal row carpectomy (PRC), achieved good static wrist alignment, highlighting its potential
as a treatment option for advanced wrist arthritis, and combining hemiarthroplasty with a
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PRC minimizes the risk of proximal carpal row instability and addresses the commonly
arthritic radioscaphoid joint [42].

4.3. Prosthesis-Specific Considerations
4.3.1. Radial Resurfacing Implants

Several implant systems are available for radial resurfacing, each with distinct design
features and outcome profiles. The SOPHIA implant demonstrated superior grip strength
(80-92% of contralateral side) and excellent rotational range (110-160°), possibly due to
its anatomical design that preserves the sigmoid notch. The PROSTHELAST system, with
its isoelastic properties, achieved a good balance between stability and motion, yielding
satisfactory flexion—extension (39-52°) and moderate grip strength (49.9-65.5%).

The COBRA system, the most extensively studied design, showed more variable out-
comes. While pain relief was consistently good (VAS 1.1-3.8), functional outcomes varied
widely (DASH 39.1-59), potentially reflecting the diverse patient populations and indica-
tions in these studies. The design’s primary advantage appears to be its versatility across
fracture types, though its motion preservation is more limited than that of other designs.

The KinematX prosthesis demonstrated superior flexion (79-96°) compared to other
designs, potentially due to its unique articulation geometry, though longer-term outcomes
remain limited. The limited data on the EMIREMOTION system (one study, one patient)
prevents meaningful conclusions about its performance.

4.3.2. Carpal Resurfacing Considerations

The RCPI prosthesis was the predominant carpal resurfacing device in this review.
Its pyrocarbon composition offers theoretical advantages, including elasticity similar to
cortical bone (reducing stress shielding) and excellent biocompatibility (minimizing wear
debris). These properties may explain the lower incidence of periprosthetic bone resorption
(1.1% vs. 4.3% with radial implants) and the consistent functional outcomes observed
(DASH 13-20).

When combined with proximal row carpectomy, RCPI offers a solution for advanced
arthritis cases unsuitable for PRC alone. However, inadequate cortical bone strength
remains a contraindication, raising concerns about its use in elderly patients with severe
osteoporosis. The available data suggest that with careful patient selection, bone quality
concerns may be manageable, as evidenced by the low implant subsidence rate (3.2%) in
appropriately selected elderly patients.

4.4. Patient-Centered Outcomes and Quality of Life

Our review highlights that both procedures offer significant improvements in pain
and function that translate to meaningful quality of life benefits for elderly patients. Patient
satisfaction scores, while inconsistently reported across studies, generally showed favorable
results with both techniques. Particularly noteworthy is the impact on independence in
activities of daily living, with carpal resurfacing potentially offering advantages in tasks
requiring fine motor control due to the better preservation of wrist motion. Multiple studies
documented improvements in patients” ability to perform self-care activities independently
following these procedures, which is especially valuable in the elderly population, where
maintaining independence is a primary concern. Patient-reported outcome measures,
though heterogeneous, consistently demonstrated clinically significant improvements from
the baseline in both physical function and emotional well-being domains. However, in
order to avoid implant loosening, caution is required in patients with poor bone quality
when considering both radial and carpal resurfacing.

Partial resurfacing techniques offer key advantages over total wrist arthrodesis by
preserving motion and reducing the technical challenges and revision risks associated with
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total wrist arthroplasty [30,43]. These approaches are especially relevant for elderly patients
with limited physiological reserves for complex reconstructive procedures. Treatment
decisions should be individualized based on the arthritis pattern, bone quality, and the
patient’s functional priorities to align with their lifestyle and goals.

4.4.1. Independence in Activities of Daily Living

Our review highlights that both procedures offer significant improvements in pain
and function that translate to meaningful quality of life benefits for elderly patients. Patient
satisfaction scores, while inconsistently reported across studies, generally showed favorable
results with both techniques. Particularly noteworthy is the impact on independence in
activities of daily living (ADLs), with carpal resurfacing potentially offering advantages in
tasks requiring fine motor control due to the better preservation of wrist motion.

Rocchi et al. [3] specifically examined elderly patients’ ability to perform com-
mon ADLs following RCPI, finding significant improvements in dressing (87% inde-
pendent post-surgery vs. 43% pre-surgery), personal hygiene (92% vs. 61%), and meal
preparation (76% vs. 32%). Similar data for radial resurfacing is more limited, though
Herzberg et al. [25] reported that 73% of patients could independently perform all basic
ADLs following COBRA implantation.

4.4.2. Functional Outcome Measures: Clinical Relevance

The heterogeneity in functional outcome reporting reflects both the evolution of wrist-
specific metrics and the variable focus of different research groups. The DASH score,
used in 16 studies, provides a validated measure of upper extremity function but may
lack sensitivity to wrist-specific improvements. The PRWE, used in 7 studies, offers more
wrist-specific assessment but was less frequently reported in older studies.

The Lyon score, a wrist-specific measure incorporating pain, function, mobility, and
strength, may be particularly relevant for elderly patients as it weights pain more heavily
than some other measures. Its use in several European studies (reported range: 50-80%)
provides additional perspective on functional outcomes, though limited standardization
hampers cross-study comparisons.

For elderly patients, the most clinically relevant outcome measures may be those that
directly assess independence and quality of life rather than absolute motion or strength
parameters. Future studies would benefit from including geriatric-specific functional
assessments alongside traditional wrist outcome measures.

4.4.3. Cost-Effectiveness Considerations

While formal cost-effectiveness analysis was beyond the scope of this review, several
economic factors merit consideration when selecting procedures for elderly patients. Both
radial and carpal resurfacing typically require shorter hospital stays than total wrist arthro-
plasty or arthrodesis, potentially reducing institutional costs. The limited data available
suggest average hospital stays of 2.4 days for radial resurfacing and 1.8 days for carpal
resurfacing, compared to 3.7 days for total wrist arthroplasty reported in the other literature.

Implant costs vary significantly, with RCPI typically being more expensive than
COBRA or PROSTHELAST systems. However, this may be offset by potentially lower
revision rates and better functional outcomes that could reduce downstream healthcare
utilization. The economic impact of improved independence in ADLs is substantial but
rarely captured in the orthopedic literature.

From a societal perspective, procedures that maintain independence and reduce
caregiver burden may offer significant value beyond direct healthcare costs. This aspect
is particularly relevant when considering elderly patients who might otherwise require
institutional care due to functional limitations.



J. Clin. Med. 2025, 14, 6063

15 of 18

4.5. Long-Term Outcomes and Durability

The long-term performance of these implants deserves particular attention when
considering elderly patients. Pelet et al. [15] provided valuable data on RCPI sustainability.
Their findings also highlighted that pain relief and functional improvements were main-
tained throughout the follow-up period, with minimal radiographic changes observed over
time. This suggests that once osseointegration is achieved, these implants may provide
durable solutions for the remaining lifespan of many elderly patients.

When comparing the literature on both techniques, it appears that carpal resurfacing
with RCPI offers more comprehensive published long-term data than radial resurfacing
in elderly populations. While both techniques demonstrate sustained pain relief, the data
from Giacalone et al. [11], Ferrero et al. [14], Rocchi et al. [3], and Pelet et al. [15] consistently
shows that carpal resurfacing maintains functional improvements beyond 3-5 years. This
growing body of evidence supports its consideration as a primary option for appropriately
selected elderly patients with wrist arthritis patterns amenable to this approach.

Future research should include prospective comparative studies with standardized
outcome measures and longer follow-up to better define the durability of these procedures
in the elderly population. Investigation into the impact of bone mineral density and
comorbidity profiles on outcomes would provide valuable guidance for optimizing patient
selection in this growing demographic.

4.6. Limitations

This review has several limitations. The majority of studies analyzed were retrospec-
tive and employed heterogeneous methodologies, with very few providing direct com-
parisons between different techniques. As shown in our quality assessment, while some
studies were of high quality, many had moderate methodological rigor and were subject to
selection bias and lack of blinding. The absence of randomized controlled trials comparing
these interventions directly limits our ability to draw definitive conclusions about relative
efficacy. The relatively short average follow-up period (averaging 3.4 years) prevents us
from drawing firm conclusions regarding long-term results. Comparison across studies
was challenging due to inconsistent outcome measurements and reporting standards. The
variability in functional assessment tools and incomplete reporting of complications further
limited our ability to perform quantitative synthesis. Additionally, our study combines
different clinical scenarios: carpal resurfacing was primarily used for wrist arthritis, while
radial resurfacing was more commonly used for distal radius fractures, which may intro-
duce inherent bias in comparing outcomes. The elderly participants frequently presented
with multiple comorbidities that potentially affected outcomes, regardless of surgical ap-
proach. Finally, despite our inclusion criteria specifying patients > 70 years of age, some
included studies contained mixed populations with younger patients, potentially affecting
the applicability of our findings specifically to elderly populations.

4.7. Future Research Directions

Future research should include prospective comparative studies with standardized
outcome measures and longer follow-up periods to better define the durability of these
procedures in the elderly population. Investigation into the impact of bone mineral density
and comorbidity profiles on outcomes would provide valuable guidance for optimizing
patient selection in this growing demographic.

Future research should build upon the promising long-term data from studies such
as Pelet et al. [15] by establishing multicenter prospective registries specifically tracking
outcomes in patients over 70 years of age. Such registries would allow for a better under-
standing of implant survivorship beyond 5 years and would help to identify patient-specific
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factors that predict optimal outcomes with each technique. Additionally, comparative stud-
ies directly evaluating quality of life metrics and cost-effectiveness between these partial
resurfacing options and more traditional approaches would provide valuable guidance for
healthcare systems managing an aging population.

5. Conclusions

In patients over 70 years of age with wrist arthritis, both radial and carpal resurfacing
represent viable surgical options with acceptable complication profiles. The available
evidence suggests that radial resurfacing may be preferred for patients with previous distal
radius fracture or primary radial pathology, while carpal resurfacing appears to offer better
motion preservation and may be more suitable for SLAC and SNAC wrist patterns.

Patient selection should consider the specific pattern of arthritic involvement, bone
quality, comorbidities, and individual functional priorities. Preoperative assessment of
bone mineral density may guide decisions regarding implant fixation, with cemented
techniques potentially offering advantages in severely osteoporotic bone despite slightly
higher long-term loosening rates.

Long-term outcome studies now provide evidence that both procedures can maintain
their benefits for at least 4-5 years, with carpal resurfacing using pyrocarbon implants
demonstrating particularly consistent results across multiple studies. This timeframe may
represent sufficient durability for many patients over 70 years of age, making these less
invasive options increasingly attractive alternatives to total wrist fusion or arthroplasty.

The functional improvements achieved with both techniques translate to meaningful
gains in independence and quality of life, particularly relevant for the elderly population.
However, prospective comparative studies with standardized outcome measures and
longer follow-up are needed to better define the optimal indications for each approach and
to guide individualized treatment selection.
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Abbreviations

The following abbreviations are used in this manuscript:

TWA Total wrist arthroplasty

PRC Proximal row carpectomy

RCPI Resurfacing capitate pyrocarbon implant
DRF Distal radius fracture

VAS Visual Analog Scale

DASH Disability of the Arm, Shoulder, and Hand
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PRWE Patient-Rated Wrist Evaluation

FCA Four-corner arthrodesis
DCI Dorsal capsular interposition
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