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Abstract

Background. In recent decades, interest in proximal interphalangeal joint (PIP]) arthroplasty has significantly
increased around the world. At the same time, a growing number of operations entail an increase in the number
of reinterventions.

The aim of the study — to determine the causes and evaluate the outcomes of revision interventions for proximal
interphalangeal joint arthroplasty based on the data from a federal center for trauma and orthopedics.
Methods. We analyzed gender and age distribution of patients, the number of revisions, possible causes of
implant failure, its localization and type, survival rate of the construct, surgical approaches. The study covers
a 15-year period.

Results. Among 95 performed primary PIP] arthroplasties, 15 (15.8%) cases of failure were observed in 14
patients. There was 1 periprosthetic fracture; 2 cases of implant fracture; instability of implant components — 12
cases associated with injury, increased physical activity and other causative factors. The maximum failure rate
was detected in the II finger (31.6% of the number of initially implanted prostheses). After primary arthroplasty,
instability was most often observed in hinged implants (SBI D.G.T. PIP joint implant and the RM Finger Mathys).
The option for reintervention in 2 (16.7%) cases was PIP] arthrodesis, in 11 (83.3%) — revision arthroplasty.
Conclusions. Despite the significant (15.8%) rate of adverse outcomes after proximal interphalangeal joint
arthroplasty, most frequently caused by implant instability, the survival rate of the implants reaches up to 10
years in some cases and depends both on the type of prosthesis and the patient’s occupation. Overall, revision
proximal interphalangeal joint arthroplasty allows for joint mobility preservation and statistically significantly
reduces pain.
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Pedepar

AxkmyansHocmes. B nocienHue gecsiTuieTUss B MUpe 3HaUNTETbHO BO3POCIO KOMMUECTBO BBITIOTHEHHBIX Mep-
BUYHBIX OTIepalnii SHAOMPOTE3UPOBAHNMS TPOKCUMATBHOTO MeXX(aTaHrOBOT0 CYyCTaBa, YTO MOBJIEKIIO 3a CO60I1
yBeJMueHe Unciia peBM3MOHHBIX BMelIaTeabCTB.

Llenw uccnedosanus — onpenenuTb IPUIVHBI U OIEHUTD Pe3YIbTaThl PEBU3VOHHBIX BMENIATEIbCTB ITOC/IE SH-
IOTIPOTE3VMPOBAHMS ITPOKCYMAILHOTO MEX(asaHrOBOTO CyCTaBa KMCTY Ha MpuMepe ¢deaepaybHOTO TpaBMaTo-
JIOTO-OpTOIEeINYECKOro IeHTpa.

Mamepuan u memodsi. [IpoBe[ieH aHAIM3 IOJIOBO3PACTHOTO COCTABa IMALMEHTOB, KOJIMYECTBA PEBM3VIOHHBIX
orepanuii, BO3SMOKXHBIX IIPUYMH HECOCTOSTENbHOCTY IHAOIMPOTE3A, €r0 JOKAIM3AUM U TUIIA, CPOKA CITYSKOBI
KOHCTPYKIVU, XMPYPIrUUIECKUX ITOAX0H0B. [TyouHa mccnemoBanms — 15 yer.

Pezynsmamut. Cpenyi 95 BBINOJHEHHBIX OMepalMii MEePBUUYHOTO SHAOIPOTE3UPOBAHMSI ITPOKCHMMAIbHOIO
Mek(darTaHroBOTO cycTaBa BbIsABiIeHO 15 (15,8%) cryuaeB He61aroMmoONMyYHbIX MCXONOB Y 14 mareHTOB. 3ape-
TUCTPUPOBAHBI OJIMH IMEPUITPOTE3HBIN ITepesioM; 2 CJIydast IepejomMa MMIUIaHTaTa; 12 ciryyaeB HeCTabMIIbHO-
CTY KOMIIOHEHTOB, CBSI3AHHBIX C TPABMOIA, ITOBBINIEHHON (HVU3MUECKOI HATPY3KOM U APYTUMU MPUINHHBIMU
dakropamyu. MakcumMaabHasl 4acToTa Heymad BbisgBiaeHa Ha Il manbie (31,6% oT uncia MepBUYHO YCTAHOB-
JIEHHBIX SHIOMPOTE30B). IToC/ie MepBUYHOTO HAOIMIPOTE3MPOBAHNST HECTAOMILHOCTD Yallle BCETO BhISIBIISIACH
MOCJIe YCTAaHOBKY CBSI3aHHBIX SHAOMpOoTe30B (SBI D.G.T. PIP joint implant u RM Finger Mathys). BapuanTom
ITOBTOPHOTO BMEIIATENbCTBA B ABYX (16,7%) ciryuasx sIBUJICS apTPOAEe3 MPOKCMMATIbHOTO Mexk(aaaHTOBOTO
cycTtaBa, B 11 (83,3%) — peBU3MOHHOE SHAOMPOTE3UPOBAHME.

3axniouenue. He6aromoayaHbie MCXOObI COCTAB/ISIOT 3HAYUTEIbHYIO Moo (15,8%) repBUYHOrO SHAOMPOTE-
3MpPOBaHMS TPOKCUMAILHOTO MeXk(asTaHroBoro cycraBa. Hambonee 4acToi MpUUMHONM SIBJISIETCSI HECTAOWITb-
HOCTb SHAOMPOTE3a. B TO 5ke BpeMs CPOK CIYysKObI KOHCTPYKIMIA JOCTUTAET B psiie cirydaeB 10 JIeT M 3aBUCHT,
BEPOSITHO, M OT TUIIA SHAOIIPOTE3a, ¥ OT POAA 3aHITUI MalMeHTa. PeBU3MOHHOE SHIOINPOTe3MpOBaHMe MPOK-
CUMAaJIBHOTO Mesk(aTaHTOBOTO CyCTaBa MO3BOJISIET COXPAHUTD MOABMKHOCTD CYCTaBa, CTATUCTUYECKM 3HAUMMO
YMeHbIIIasi UHTEHCMBHOCTDb 60JIEBOTO CMHAPOMA.

KiioueBbie ¢JIoBa: MPOKCUMAaIbHbIN Mexk(alaHTOBbIl CyCcTaB, HECOCTOSITEIbHOCTb SHAOMPOTE3a, HECTAOWIIb-
HOCTb, PEBU3MOHHOE SHIOIPOTE3UPOBAHME, APTPOAE3 TPOKCUMATbHOTO MeXK($aTaHTOBOTO CyCTaBa, IePUIIPO-
Te3HbIi1 [TePEJIOM, IIEPEJIOM MMIUIaHTaTa.
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INTRODUCTION
Injuries and diseases of the proximal
interphalangeal joint (PIP]), particularly

osteoarthritis, affect approximately 15.5% of
the population. Currently, PIP] arthroplasty is
becoming the preferred and most promising
surgical option for restoring joint and overall
hand function [1, 2, 3].

The concept of PIP] arthroplasty first
emerged in 1940 when M. Burman described
the outcomes of Vitallium cup arthroplasty for
the metacarpophalangeal and interphalangeal
joints of the fingers [4]. Total PIP] arthroplasty
originated in the 1960s and was initially
performed in patients with end-stage
rheumatoid arthritis [5]. Early studies reported
severe complications, including infection,
periarticular fibrosis, and bone resorption. Over
time, the indications for arthroplasty expanded
to include severe post-traumatic damage,
idiopathic osteoarthritis, and rarer systemic
diseases such as juvenile idiopathic arthritis,
gouty arthritis, and others [6, 7, §, 9, 10].

Interest in this topic increased in the early
1970s, with the publication of studies focusing on
the technological aspects, challenges, and initial
outcomes of primary PIPJ arthroplasty. Since 2014,
the number of annual publications on this subject
has grown to 20-30 per year.

In recent decades, the global rise in primary
PIP] arthroplasty procedures has led to an
increase in revision operations. Following
implant removal, significant bone loss is
often observed, which considerably limits
the possibilities for re-operation. Revision
arthroplasty demands a high level of surgical
expertise and advanced implant systems.

The aim of this study was to determine the
causes and evaluate the outcomes of revision
interventions following proximal interphalangeal
joint arthroplasty based on the data from a federal
center for trauma and orthopedics.

METHODS

Study design: a retrospective continuous single-
center study.

The study is based on the data from the
medical information system regarding 95 PIP]
arthroplasty procedures performed at the
Federal Center for Traumatology, Orthopedics,
and Arthroplasty of the Ministry of Health of

Russia (Cheboksary). The study covers a 15-year
period (2009-2024).

We analyzed patient demographics (age and
gender distribution), the number of revision
operations, potential causes of implant failure,
its localization and type, implant survival rate,
and surgical approaches.

Revision PIP] arthroplasty was defined as the
replacement of at least one implant component
(proximal or distal). Patients who underwent
other interventions on the same joint after the
primary arthroplasty were excluded.

Periprosthetic fractures, mechanical implant
failure, and aseptic loosening were evaluated
radiologically and, when necessary, using
computed tomography.

A dorsal surgical approach was used along the
previous operative scar, with proximal or distal
extension if necessary. After implant removal, the
final assessment of bone defects was performed.
If cortical integrity was preserved, a larger
prosthesis with cemented or cementless fixation
was selected. In the early years of our experience,
we did not prioritize intraoperative extensor
mechanism reconstruction, relying instead on
immobilization for 2-3 weeks postoperatively.
However, with growing experience, we now
consistently restore the extensor tendon,
performing refixation of the central bundle to
the base of the middle phalanx and, if necessary,
reinforcing it by suturing the lateral bundles.
Early rehabilitation is initiated in such cases.
In cases of significant cortical bone defects
following implant removal, PIP] arthrodesis was
performed.

PIPJ implant failure occurring within 2 years
after primary arthroplasty was considered an
early failure (Group I), and after 2 years — a late
failure (Group II). Thus, all cases were divided
into early and late failure groups.

For patients who underwent multiple revision
operations, the total number of revisions was
recorded. Implant survival rate was measured as
the interval from primary to revision operation or,
in cases of multiple revisions, from the previous
to the current revision.

Follow-up evaluation of revision interventions
included both objective (range of motion
measured with a goniometer before and after
surgery; X-ray examination) and subjective (pain
severity according to the VAS criteria).
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Statistical analysis

Statistical analysis was performed using Microsoft
Excel 2007 and GraphPad software. Categorical
data (gender, implant localization and type,
causes of instability) were encoded as unordered
categorical variables. Continuous variables were
tested for normality using the Shapiro-Wilk test.
Normally distributed variables were described
using the mean value and standard deviation
(SD), while non-normally distributed variables
were expressed as the median and the lower
and upper quartiles Me (Q1-Q3). In both cases,
95% confidence intervals (CI) were applied.
Comparisons between groups were performed
using the Mann-Whitney U test and Fisher’s
exact test.

RESULTS

The gender composition of the sample included
44 (46.3%) men and 51 (53.7%) women. At the
time of the primary operation, the mean age of
the patients was 41.6 years (SD = 12.5; 37.4-42.6).

Among 95 performed primary PIPJ]
arthroplasties, 15 (15.8%) cases of adverse
outcomes were identified in 14 patients (one
woman underwent revision twice), including 6
(42.9%) men and 8 (57.1%) women, with an age
range of 18-62 years and a mean age of 43.5 years
(SD = 12.3; 41.2-54.8).

An assessment of the age composition of
patients undergoing primary and revision PIP]
arthroplasty at the time of surgery revealed a
significant predominance (60%) of patients aged
18 to 50 years (Figure 1).

m18-29y.0. m30-39yo0. w40-49yo0. m50-59y.0. m60 yearsand older

Figure 1. Age distribution of patients at the time
of surgery

Among 95 performed primary PIP]
arthroplasties, 15 (15.8%) cases of failure were
observed in 14 patients. Among the causes
of adverse outcomes, there was 1 (6.7%)
periprosthetic fracture and 2 (13.3%) implant
fractures. The most common reason for re-
operation was component instability — 12 cases
(80%), of which 3 were trauma-related, 4 were
associated with high physical loads, and in 5
cases, the cause of implant failure remained
undetermined. Thirteen (86.7%) operations were
performed; two patients are awaiting planned
hospital admission.

Among the identified cases of PIP] prosthesis
instability, 6 cases were classified as Group I
(including one patient awaiting planned hospital
admission), and 9 cases as Group II (including
one patient also awaiting revision surgery).

PIPJ arthroplasties for the fingers from the II
to the Vwere performed in the center. The highest
number of operations was carried out on the III
(42.1%) and the IV (35.8%) finger. However, the
highest failure rate (PIP] prosthesis instability)
was observed in the II finger (6 out of 19 — 31.6%
of the initially implanted prostheses) (Table 1).

Instability was most frequently observed with
hinged prostheses (SBI D.G.T. PIP joint implant
and RM Finger Mathys).

The distribution of failed implants by type
was as follows: SBI D.G.T. PIP joint implant
(n=11), RM Finger Mathys (n = 1), Moje ACAMO
PIP (n = 1), and Swanson silicone implant (n = 2).

In two cases (16.7%), arthrodesis of the PIP]
was performed as a revision procedure, while
in 11 cases (83.3%), revision arthroplasty was
carried out. One patient underwent two revision
arthroplasties: the first 3 years after the primary
procedure and the second 7 years after the
previous revision (Table 2).

Postoperatively, all patients reported reduced
pain (p<0.05). The range of motion in each
group either remained unchanged or decreased,
however, achieving the maximum possible range
of motion during follow-up was not feasible
(Table 3).

The mean survival rate of the removed
implants during revision procedures was 4.5
years (SD = 3.3; 1.2-4.8), ranging from less than
a year to 10 years.
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Table 1
Failure rate of PIP] prostheses
Finger
II III v \Y
oemeer 1 g g% gEE | sf | gEE ) 5f | 5EE ) 5t
EC & E= ES® E= EC® E= ES® E=
S5 Qo o 1 5 Qo e S5 Qo = S5 Qo j
Zow Z. Zw Q Z Zouw Z. 4t AN Y Z, i
o o o o o =] o o o ISs) o
Right hand, n 12 5 29 3 16 - - -
Left hand, n 7 1 11 3 18 3 2 -
Total 19 6 40 6 34 3 2 -
Failure rate, % 31.6 15.0 8.8 -
Table 2
Causes of PIP] prosthesis failures and outcomes of surgical treatment
2 Cause
Parameter gglg ti?; S S
S& Trauma High physical loads Undetermined etiology
&
Number 2 1 3 4 5
Removed Mathvs Sili- | DGT | DGT | DGT | DGT | DGT | DGT | DGT | DGT Moie DGT | DGT | DGT | Sili-
implant YS | cone | SBI SBI SBI | SBI | SBI | SBI | SBI SBI J SBI SBI SBI | cone
Implanted | .|\ . | _ | DGT | DGT |\ . |DGT| _ | DGT | DGT | _ | DGT | Sili- | _ | Sili-
prosthesis ) J SBI | SBI 1€ sBI SBI | SBI SBI | cone cone
Treatment | pr | pRA | AD | RA | RA | RA | RA |AD RA | RA | - | RA | RA | - | RA
modality
Survival 0w | 8 |2 | 1|3 7|« 1 2|3 | 2|37 100]7
rate, years
RA - revision arthroplasty; AD — arthrodesis.
Table 3
Evaluation of functional outcomes of revision PIPJ arthroplasty
Group I (n=5%) Group IT (n = 8%)
Parameter
Before During P Before During P
operation follow-up operation follow-up
Pain severity according to 6.4 (4.6-9.4) | 0.6 (0.3-1.7) 0.0014** 5.5 (3.7-7.3) 0.5 0.0002**
the VAS scale, points (0.0-1.0)***
Range of motion, deg. 9.0 11.0 0.6811 8.8 16.9 0.0747
(0.8-19.2) (0.8-19.2) (4.2-15.8) (7.0-23.0)
* — one patient in each group is awaiting planned hospital admission for revision operation; ** — statistically significant differences;

7~ Me (Q,-Q)).
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DISCUSSION

The proximal interphalangeal joint plays a crucial
role in full hand grip function, providing 85% of
the flexion arc of the fingers, while the remaining
15% is provided by the distal interphalangeal joint
[11,12,13]. The main advantage of arthroplasty is
the preservation of motion despite the high rates
of complications and revision operations [14, 15].

According to our study, the majority of patients
were of working age with high physical activity
levels, where both the aesthetic appearance of the
hand and its optimal functionality were crucial,
making joint mobility preservation particularly
important.

It is worth noting that the variability in
primary PIP] arthroplasty outcomes depended
on location. Our data indicate that PIP]
prosthesis failure is most frequently observed
in the II finger. Literature suggests that the
feasibility of PIP] arthroplasty in the II finger
remains controversial due to the significant
lateral and axial rotational stresses during grip.
Some authors report a fourfold increased risk
of complications and advocate for arthrodesis
as the method of choice for this joint pathology
[16, 17]. However, T. Richards et al. dispute the
preference for the PIP] arthrodesis of the Il finger
as a default operation and support arthroplasty,
particularly with silicone implants [18].

M.T. Milone et al. compared the II finger with
three other fingers and concluded that the rate
of deformities and complications associated with
instability in case of the PIP] arthroplasty of the
IIT finger may be similar to that of the second one.
E.R. Wagner et al. and M.T. Milone et al. suggest
that the complication rate presents a relative
contraindication for the PIP] arthroplasty of both
the II and the III finger [19, 20]. Our data show
an increasing prevalence of the PIP] prosthesis
instability from the V to the II finger — 0.0%,
8.8%, 15.0%, and 31.6% for the V, IV, III, and II
fingers, respectively.

Revision PIP] arthroplasty presents a
significant challenge. Minimal cortical bone
remains after implant removal, and trabecular
bone is largely absent in the medullary canals
[21]. In our practice, we perform a dorsal
surgical approach with subsequent refixation
of the central bundle of the extensor tendon
for both primary and revision procedures.
However, literature actively discusses alternative
approaches, such as palmar and lateral surgical

approaches, along with their advantages and
disadvantages [22, 23]. Selection of implant and
surgical strategy remains a key issue in primary
PIP] arthroplasty [12, 24], as well as in case of
revision interventions.

The aims of both primary and revision PIP]
arthroplasty include the reduction of pain,
increased range of motion, restoration of the
fingers’ biological axis, and improvement of
hand function [25, 26, 27]. The present study
demonstrated  that revision arthroplasty
statistically significantly reduces pain and pre-
serves PIP] mobility, confirming the findings of
our previous study [28].

It should be noted that the change in the
range of motion after revision surgery compared
to preoperative levels is minimal, and arthrodesis
remains the method of choice when bone
integrity is compromised due to implant removal
or periprosthetic fractures.

Several surgical methods exist for both
arthrodesis and PIP]J fixation. Compression screw
osteosynthesis has shown great results in terms
of nonunion rates compared to Kirschner wire
fixation. Over the past 10 years, there has been
a growing number of publications on compres-
sion techniques, suggesting a shift toward
compression-based approaches. The limited
data available on PIP] arthrodesis lack clear
indications for alternative techniques. Kirschner
wire osteosynthesis remains relevant in cases
of acute trauma with soft tissue defects or exten-
sive bone loss following failed PIP] arthroplasty
[29, 30, 31, 32, 33]. Only large multicenter
randomized controlled trials can determine the
optimal PIPJ arthrodesis technique.

Study limitations

Limitations of this study are the small sample
size and the insufficient amount of literature
available for performing a meta-analysis of the
issue.

CONCLUSIONS

The analysis of PIP] arthroplasty outcomes in
the federal center for trauma and orthopedics
demonstrated the demand for this treatment,
primarily among younger patients, likely due to
their high functional requirements.

Despite the significant (15.8%) rate of
adverse outcomes after primary operation, most
frequently caused by implant instability, the
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survival rate of the implants reached up to 10
years in some cases and depended both on the
type of prosthesis (hinged implants were more
prone to instability) and the patient’s occupation
(more than one-third of patients requiring
revision intervention were engaged in heavy
physical labor).

A notable trend was the increasing failure rate
from the V to the II finger, reaching 31.6% for the
latter, likely due to higher everyday functional
loads. The primary surgical treatment for PIP]
prosthesis failure remains revision arthroplasty
(83.3%), though arthrodesis is also justified
in certain cases. Overall, re-operation for the
failure of the proximal interphalangeal joint
implant allows for joint mobility preservation and
statistically significantly reduces pain.

The limited number of scientific papers on this
issue highlights the need for further investigation
through multicenter studies.
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