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Abstract
Introduction Small joints replacement is a valid treatment for deforming osteoarthritis and traumatic injuries 
to  the  phalangeal joints of the hand to restore motor hand functions. Various types of implants differing 
in shape, biomechanics and material composition have been developed.

The purpose of the study was to evaluate long-term results of the proximal interphalangeal joint arthroplasty 
of the hand using various implants and identify their advantages.

Material and methods We retrospectively reviewed 78 cases of proximal interphalangeal joint replacement 
in 64 patients. Outcomes were assessed at 6 months and at follow-up stages with preoperative and postoperative 
measurements of the range of motion in the joint evaluating pain, radiographs and outcomes measures using 
the Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire.

Results The range of motion in the prosthetic joint increased significantly at different follow-up periods 
with all types of implants. The pain syndrome decreased. Radiographs revealed 10 cases of aseptic instability 
in  the  group of constrained prostheses. The DASH assessment showed high subjective satisfaction 
with the treatment.

Discussion We could not find papers reporting PIP joint arthroplasty using SBI D.G.T. implant system. 
A retrospective study of RM Finger arthroplasty of the PIP joint indicated restored joint stability with AROM 
improvement and with low pain, although it had a high rate of complications. We recorded no complications 
with this implant model. Some authors would not recommend the RM Finger implant (Mathys) for PIP joint 
replacement. Arthroplasty of small joints of the hand with MOJE kermik-implantate showed satisfactory 
outcomes for 82 % of patients at a long term

Conclusion Arthroplasty of the PIP joint of the hand using various implant designs resulted in greater 
mobility of the upper limbs, a lower pain due to subjective improvement in the functionality at a long term. 
Although the procedures were effective with all implant designs the reliability of changes in the parameters 
was more evident with nonconstrained implants.
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INTRODUCTION

Fine motor skills of the hands create opportunities for learning and interactions. The hand is 
very important for any activity, and decreased functionality can lead to lower working capacity 
and  physical capabilities and limitations. With present technologies, the hand function can be 
restored to ensure precise, strictly measured movements to control complex mechanisms  [1]. 
The  hand is a complex structure with many interconnected joints that allow versatile and very 
dexterous movements. The hand function is important for everyday activities. The activities such 
as writing, manipulating objects, grasping, opening and closing cans, turning a key would require 
stability and mobility at various joints of the upper limbs [2]. The normal flexion at the PIP joint 
ranges from 0 to 130°. In the absence of job-specific requirements for the hand the amplitude ranges 
between 16 and 93° in everyday life stratifying the results of treatment of arthrosis by a functional 
measure [3]. The  treatment of deforming osteoarthritis and traumatic injuries of the phalangeal 
joints of  the  hand is aimed at maximal restoration of active movements within the functional 
amplitude. There  is  a  lack of consensus regarding the optimal approach and surgical options 
for PIP joint disorders among the surgeons [4–6]. Maintaining or improving mobility in the joint 
and the grip strength is essential for the patients with an evident advantage of joint replacement 
over arthrodesis  [7]. The  decision on joint replacement or arthrodesis should be made jointly 
with the patient considering the patient's goals and a greater risk of complications associated 
with arthroplasty [8–11]. Various types of implants differing in shape, biomechanics and material 
composition have been developed [12–15]. The purpose was to evaluate outcomes of PIP joint 
replacement using various types of implants and identify the advantages.

MATERIAL AND METHODS

A retrospective continuous study was performed at the Federal Center for Traumatology, Orthopaedics 
and Joint Replacement in Cheboksary (hereinafter referred to as the Center).

The study was performed in accordance with ethical principles for medical research involving human 
subjects stated in the 2013 Declaration of Helsinki developed by the World Medical Association, 
Order of the Ministry of Health of the RF dtd 19th June 2003 No. 266 on Clinical Practice Guidelines 
in the Russian Federation and approved by the local ethical committee of the Center (protocol No. 7 
dated June 20, 2023). Eighty PIP replacement procedures were performed at the Center between 
2009 and 2022 (Table 1).

Table 1
PIP replacement procedures performed with different implants as reported in 2009–2022

Year 
Implant modification

TotalSBI D.G.T. PIP joint 
implant RM Finger (Mathys) Moje ACAMO PIP

2009 2 2
2010 6 6
2011 12 12
2012 8 8
2013 7 7
2014 14 3 17
2015 1 2 3
2016 2 2
2017 3 5 8
2018 2 2
2019 4 4
2020 3 3
2021 4 4
2022 2 2
Total 50 10 20 80
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Different modifications of implants used at different periods were associated with the changed 
range on the medical market. A total of 66 patients underwent the p;rocedure with 31 female (47 %) 
and 35 male (53 %) patients. The mean age of patients was 47.1 years (CI = 95 %; SD = 12.7, range, 
25 to 83). Inclusion criteria included idiopathic and post-traumatic arthrosis; post-traumatic defects 

Table 2
Location of PIP joint implants

Hand
Finger

I II III IV V
Right-sided — 12 25 10 —
Left-sided — 6 9 16 2
Total — 18 34 26 2

of the digital joints; degenerative and post-
infectious arthrosis; bone ankylosis; initial 
stages of rheumatoid arthritis and psoriasis. 
The endoprostheses were implanted through 
the dorsal median transtendon surgical 
approach. Flexion and extension with active 
and passive amplitude could be performed 
at 2 to 3 weeks. More than half of the PIP joint 
replacements were performed on  the  right 
side on the third finger (Table 2).

The following types of implants were used for joint replacements:

– constrained implants with the lateral stability being ensured by the design of the implant – SBI 
D.G.T. PIP joint implant (Fig. 1) and RM Finger (Mathys) (Fig. 2); 50 and 10 implants were used, 
respectively;

– Moje ACAMO PIP implants, an unconstrained endoprosthesis made of zirconium ceramics (Fig. 3); 
A total of 20 implants were used.

Fig. 1 Constrained 
SBI D.G.T. PIP 
joint implant

Fig. 2 Constrained 
RM Finger 
implants (Mathys)

Fig. 3 Non-
constrained Moje 
ACAMO PIP 
implant
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Short- (at 6 months of surgery) and long-term results (at the follow-up stage, 1 year or more 
after surgery) were assessed using objective criteria (preoperative and postoperative measurement 
of  ROM with a protractor, assessment of pain on the VAS scale and radiological examination), 
and  subjective criteria using DASH score, to assess the extent of disability of the arm, shoulder 
and hand from 0 meaning no disability and a good function to 100 points indicating severe disability.

Statistical analysis was produced using the package of the Microsoft Excel 2007 program. Normal 
distribution of the variables was confirmed graphically in MS Excel with the data represented 
in the form of the arithmetic mean (M) and standard error (m). The minimum, maximum, median, 
mode were identified in the absence of normality. The Fisher's exact test was used to assess 
the  statistical significance of differences in the groups calculated with the Graf Pad program. 
Differences were considered statistically significant at p<0.05.

RESULTS

Long-term results of 78 cases of replaced PIP joints using constrained and unconstrained implants 
were retrospectively reviewed in 64 patients. Two patients (two arthroplasty cases) with replaced PIP 
joint using SBI D.G.T. implant were unavailable for the follow-up due to changed contact information. 
Follow-up period for patients with the SBI D.G.T PIP joint implant was 8–14 years, 6–9 years for RM 
Finger (Mathys), 6-month-to-6-year period for Moje ACAMO PIP. Assessment of the range of motion 
in the prosthetic joint at various periods of observation showed a statistically significant increase 
in the parameter for the three types of implants (0.00001 ≤ p ≥ 0.04475) (Table 3).

Table 3
ROM in the PIP joint at stages of treatment, °

Type of implant
ROM at stages of treatment, °

pre-op at 6 mo at the follow-up stage

SBI D.G.T. PIP joint implant
M ± m 9.6 ± 14.0 16.3 ± 18.7 17.2 ± 19.9
р – 0.04475* 0.02944*

RM Finger (Mathys)
M ± m 16.5 ± 14.2 44.0 ± 30.3 46.5 ± 31.5
р – 0.02214* 0.01651*

Moje ACAMO PIP
M ± m 7.8 ± 9.2 42.8 ± 26.6 48.0 ± 30.0
р – 0.00001* 0.00001*

* as compared to pre-op value

There was no optimistic increase in ROM as compared to preoperative measurements. Postoperative 
ROM either remained at the same level or increased with no maximum ROM to be achieved 
at the follow-up stage. In our series, the unconstrained Moje ACAMO PIP ceramic implant showed 
restored the best ROM regained in the joint postoperatively (up to an average of 48°). All patients 
reported a decrease in pain after surgery (Table 4).

Table 4
Pain assessed with VAS, scores

Type of implant
VAS score

pre-op at the follow-up stage

SBI D.G.T. PIP joint implant
M ± m 6.0 ± 1.9 0.4 ± 0.6
р – 0.00000*

RM Finger (Mathys)
M ± m 6.5 ± 2.2 0.4 ± 0.5
р – 0.00001*

Moje ACAMO PIP
M ± m 4.9 ± 1.9 0.6 ± 0.8
р – 0.00000*

* as compared to pre-op value
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Radiological examination demonstrated 10 cases of aseptic instability of the SBI D.G.T. PIP joint 
implant, including 5 cases of unstable implant at 3 years with 2 due to periprosthetic joint fracture 
(Fig. 5).

Fig. 4 A 32 y.o. patient V. diagnosed with bone 
ankylosis of the proximal interphalangeal 
joint due to arthritis treated with the Moje 
ACAMO PIP implant: (a) preoperative 
radiographs; (b) radiographs at 3 years; 
(c) appearance of the hand joints at 3 years

Fig. 5 Cases of aseptic instability of SBI D.G.T. PIP joint implant developed at various follow-up periods

No infectious complications were noted in  the  three groups throughout the observation period. 
The DASH score was measure in 64 patients at a long term (Table 5). Two patients with the SBI 
D.G.T. PIP joint implant were unavailable follow-up due to  changed contact details. Patients 
with  unconstrained Moje ACAMO PIP ceramic implant demonstrated the best score of 14.2. 
The maximum ROM achieved (on average 48°) at the follow-up stage was also observed in patients 
with unconstrained implantation.

Radiological assessment of endoprosthetic results showed no evidence of lateral instability 
with the Moje ACAMO PIP ceramic non-constrained implant (Fig. 4).
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Table 5
Outcomes of PIP joint replacement assessed on the DASH 

(The Disabilities of the Arm, Shoulder and Hand) scale

Type of implant
Postoperative DASH score

pre-op at the follow-up stage

SBI D.G.T. PIP joint implant
M ± m 29.7 ± 1.3 19.5 ± 3.7

р – 0.00000*

RM Finger (Mathys)
M ± m 29.6 ± 1.7 17.4 ± 6.2

р – 0.00015*

Moje ACAMO PIP
M ± m 30.3 ± 1.3 14.2 ± 5.0

р – 0.00000*
* as compared to pre-op value

The effectiveness of the operation was statistically confirmed (p < 0.05) for all types of implants. 
The changes in the three parameters (p value) was more evident in the group of Moje ACAMO PIP 
implants as compared to other implant models with a greater ROM and subjective criteria measured 
with the DASH score.

DISCUSSION

Normal biomechanics of the joint is essential for a full functional range of motion. The  implant 
is aimed at restoring the center of rotation of the joint maintaining the anatomical distances 
between the muscles and tendons of the finger [16–18]. Understanding the anatomy, biomechanics, 
physiology of the hand and its components is the key to success in the comprehensive restoration 
of  the  function and improvement of the quality of life [3, 19, 20]. Despite advances in materials 
and new implant designs proximal interphalangeal joint replacement remains an unsolved 
biomechanical problem,  [21,  22]. The  goals of the operation are to reduce pain, increase range 
of  motion, restore the biological axis of  the  fingers and improve the function [23, 24]. Various 
surgical approaches depending on  the needs and experience of the surgeon are used to  replace 
the proximal interphalangeal joint of the hand, [25, 26]. We normally use dorsal access in our practice. 
Literature review showed no statistical differences in postoperative range of motion, complication 
rates, or  the  number of revision surgeries between palmar and dorsal approaches in proximal 
interphalangeal joint arthroplasty [27, 28]. The operations were performed under general anesthesia 
with use of a tourniquet. Advantages of local anesthesia with the procedures have been reported 
in  recent publications without the  use of  a  tourniquet and can be used in the future  [29–32]. 
No scientific papers describing the results of clinical use of the SBI D.G.T. PIP joint implant could be 
found. The search was performed with use of GoogleScholar, PubMed, eLIBRARY, PubMedCentral 
in Russian and English using the keywords “replacement of the proximal interphalangeal joint”, 
“arthrodesis of the proximal interphalangeal joint”, “osteoarthritis of the proximal interphalangeal 
joint”. There were no papers reporting SBI D.G.T. PIP joint implant. In our series, patients reported 
an improvement from preoperative 29.7 ± 1.3 DASH score to postoperative 19.5 ± 3.7 DASH score. 
Radiological examination indicated to 10 cases of aseptic instability of the implant of the 50 identified 
with poor outcomes registered in 20 %.

J.P. Rijnja et al. performed a retrospective study of the RM Finger arthroplasty (Mathys) 
and concluded that proximal interphalangeal joint arthroplasty could restore joint stability, improve 
range of motion and pain with a high complication rate [33]. There were no complications in our 
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