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Predictors of treatment outcomes following pyrocarbon proximal interphalangeal joint
arthroplasty

ABSTRACT

Studies on likely sociodemographic and pre-surgical determinants of hand function and
satisfac'ﬁn following pyrocarbon proximal interphalangeal joint arthroplasty (PPIJA) are
scarce. This study aimed to explore the association between pre-surgical sociodemographic
and clinical characteriﬁs on post-surgical hand function and satisfaction of patients who
underwent PPIJA and to evaluate the effects of the procedure on pain and active range of
movement (AROM) using retrospective data and on-site follow-up assessment. Data from 48
patients aged 62.54+9.27 years, who had PPIJA between 2001 and 2012, with a total of 61
arthroplasties, were reviewed. Participants’ pain, AROM, satisfaction and disability were also
assessed. Key reason for surgery amongst participants was joint stiffness (68%). 52% of the
participants were not consistent with therapy sessions. About 38% of the patients were very
dissatisfied with the post-operative status of their finger and hand while mild level of disability
was reported by 47.9% of the participants. Levels of satisfaction and disability were
significantly associated with gender (p = 0.029) and number of n@edicancelled therapy
appointments (p = 0.010) respectively. Pain significantly reduced (p < 0.001) while AROM
significantly increased (p = 0.001) from pre-operative assessment to final follow-up
assessment. Likely determinants of postoperative satisfaction and disability levels found were
gender and number of missed therapy appointments respectively. Levels of postoperative
satisfaction and disability were relatively high despite improvement in pain and ROM
outcomes.
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INTRODUCTION

The hand is comprised of structures and joints that require optimum alignment and control for
normal hand function to occur. Hand anction relies on anatomic integrity, mobility, muscle
strength, sensation and coordination.” Muscle activity is a major determinant of forces acting
on the finger joints, with hand grip being a camon task, during which increased muscle forces
are sustained at the interphalangeal joints of the fingers.? The proximal interphalangeal (PIP)
joint is central to hand function,®> however the joint has been reported as the third most
commonly affected by the presence of osteoarthritis in the hand. Rheumatoid arthritis and
primary or post-traumatic osteoarthritis in the hand are am linked with contracture and pain
which accounts for reduced occupational performance.® Pinch and grip strength in the hand
may be substantially reduceﬁls a direct consequence of pain or decreased mobility in the PIP
joint,* which can negatively impact on the individual's quality of life.®

Arthritis of the PIP joint is a debilitating condition, which can be treated surgically with either

joint arthroplasty or arthrodesis. Arthroplasty involves the excision and replacement of
damaged arthritic joint surfaces with a prosthetic joint or an artificial implant while arthrodesis
is the surgical fixation of an arthritic joint to promote bone fusion and immobilisation.” However,
arthroplasty is a commoner form of treatment and a favourable alternative to arthrodesis

because arthroplasty offers the advantage of joint mobility.2

Pyrocarbon semi-constrained implants have been in use in Europe and in the United States
since 2000 and 20Oﬁespecti\.fely,(.g Pyrocarbon is popular for its durability, strength, resistance
to wear and having an elastic modulus similar to cortical bone.’® The implant is also beneficial
in terms of low rates of periprosthetic fracture, low inflammatory reactions and good opacity
for X-ray viewing.? Pyrocarbon as a surgical option of salvaging a degenerated PIP joint’ and
the approach is gaining favour due tﬁeported outcomes which included excellent pain relief
and implant survival.’® Pyrocarbon arthroplasty of the PIP joint is commonly indicated for
patients with symptomatic arthritis who have intact collateral ligaments, adequate bony stock
and intact extensor tendons or extensor tendons that can be reconstructed.”” The presence of
arthritic pain remains a major indication for almost every proximal interphalangeal joint

procedure.’?

Review of studies®!13% investigating the outcomes following pyrocarbon PIP joint
arthroplasty has shown conflicting findings regarding treatment outcomes. Although pain relief
seems common to all aforementioned studies, there ses no consensus regarding results
on range of movement (ROM). While authors like Meier et al.'2 and McGuire et al.” reported

a significant increase in PIP joint ROM following pyrocarbon arthroplasty, researchers like




Bravo et al.,” Wijk et al.,® and Watt et al."”” did not observe appreciable improvement in the

outcome. Besides, socio-demographic, therapeutic and clinical characteristics that are likely
to determine a patient’s level of hand function and disability post-operatively, have not been
reported. Surgeons are reportedly opting to discontinue using pyrocarbon arthroplasty due to
the issue of post-operative complications.'® Therefore, this study aimed to determine whether
baseline socio-demographic clinical and therapeutic characteristics of patients who had PIP
joint pyrocarbon arthroplasty are associated with the level of hand function and satisfaction at
final follow up. The study also evaluated pre/post-surgical changes in pain and ROM outcomes

of the patients.

METBODOLOGY

The study was approved by a relevant research ethics committee (HHS/1476/2010M), the
permission of management of the specialist clinic involved was also obtained.

Study Population and Sample

The participants were 48 individuals who had pyrocarbon Proximal Interphalangeal joint
arthroplasty at a specialist clinic in Cape Town, South Africa, from 2002 601 2. A convenience
sampling frame was used to recruit available and consented patients who have undergone
pyrocarbon arthroplasty of the PIP joint for the study. All participants were literate in Enﬁh,
as the language is predominant in the Southern suburbs of Cape Town. All parEants gave
their signed informed consent prior to their participation in the study once the purpose and
procedures of the study were explained to them.

Inclusion criteria were male and female patients aged 40 and 75 years; all race/ethnic groups;
osteoarﬁritis and post-traumatic arthritis as an indication for surgery; pyrocarbon arthroplasty
for PIP joints of index, middle, ring and little fingers; those with right and left dominant hands;
and minimum of six months post-surgery in view of tissue healing time frames.

Patients with history of previous surgery on the affected digit; rheumatoid arthritis as an
indication for surgery and those with a previous history of chronic regional pain syndrome (as
this affects the course, frequency and duration of post-operative rehabilitation and post-
operative outcomes) were excluded from the study.

Study Design

This study is a descrptive cross-sectional survey with both a retrospective component and a
post-operative on-site assessment at the clinic.

Procedure

Data collection was carried out in 3 phases: a retrospective review of patients’ clinical notes
review; physical observation/examination of the PIP joint and objective




assessment/measurement of post-operative pain intensity, operated PIP joint's ROM and
levels of hand disability and patients’ satisfaction.
Retrospective patient chart review
Prospective participants attending rehabilitation sessions at the clinic were informed of the
planned study and gave their signed informed consent to allow researchers access to their
medical records and contact details prior to the commencement of the research.
Sociodemographic, clinical and treatment-related information such as age, gender, race,
educational level, occupation/hobbies, hand dominance, digit affected, details of surgery:
stage of joint degeneration and surgical approach used, reason for arthroplasty, frequency of
treatments, splinting choices; compliance with treatment schedule, and complications was
extracted from patient's files and clinic cards and recorded on a data recording sheet. Baseline
pain intensity and ROM (before surgery and at 6th month follow-up) of the PIP joint were also
sourced and recorded from participarﬁ medical records.

Physical observation/examination of the PIP joint

Physical examination of the PIP joint was carried out and incidence of deformities such as:
Swan neck deformity; Boutonniere deformity; Hyperextension, and scarring were recorded
Objective assessed outcomes

Pain and Level of Satisfaction

Pain intensity and particpants level of satisfaction with the status of their finger were assessed
using Pain and Satisfaction Questionnaire (PSQ).

A pre-coded pain and satisfaction questionnaire that incorporated all relevant aspects of hand
surgery reviewed in the literature was constructed. The following response categories (specific
for arthroplasty) were identified: pain using the Visual Analogue Scale (VAS); joint appearance
and squeaking; participants’ satisfaction and willingness to have the same surgery again.
The same principle as the VAS for pain was applied for the evaluation of a satisfaction score.
The only difference is in the descriptors found at either end of the scale. For pain assessment,
scores of 0 and 10 represent no pain and severe/excruciating pain repectively, in case of level
of satisfaction, 0 and 10 denote very dissatisfied and extremely satisfied respectively.

Level of satisfaction responses were divided into four categories namely: 0-2: very dissatisfied,
3-4: dissatisfied, 5-7: satisfied and 8-10: highly satisfied. The VAS is highly reliable with
Pearson correlations in the range of 0.40 — 0.80 and the intra-class coefficient of 0.0.1°
Range of movement of PIP joint

A Sammons Preston Goniometer was used to measure the active ROM at pagigipants’
replaced PIP joint. Dorsal method of goniometric placement was used as the method has been
shown to have a higher inter-rater reliability.?° The participant was requested to position the
upper Iimlﬁ:n the table with the elbow flexed to 90 degrees and the wrist in neutral position.
Using the dorsal aspect of the PIP joint as the axis, the stationary arm of the goniometer was




placed along the dorsal midline of the proximal phalanx while the movable arm was placed
along the dorsal midline of the middle phalanx. Participants were requested to actively
flex/bend the replaced PIP joint
vel of hand disability
The Disability of the Shoulder, Ha%and Elbow (DASH) Questionnaire was used to assess
participants level of disability. It is a self-report questionnaire consisting of 30 questions that
explorewmptom severity, physical activity and the effect of surgery on daily, social ana«rork
activity. At least 27 of the 30 items must be completed for a score to be calculated: DASH
disability/Symptom score = [(san of n responses)-1] x 25n. Where n is equal to the number of
responses. The score ranges from 0 (no disability) to 100 (severe disability).2!
A score of 0-20 is considered normal upper limb function while scores 20-40, 40-60, 60-80 are
sidered mild, moderate and severe disability respectively.
The DASH questionnaire is a valid measure oféealth status in patients with upper extremity
complaints; its Pearson correlation coeffecients to the SF-36 subscales ranged from -0.36 to -
0.62. Further, the questionnaire had fewer ceiling and floor scores than most of the SF-36
scales.”
Statistical analysis
Data were analysed using SPSS 25.0 version (SPSS Inc., Chicago, lllinois, USA).
Categorical variables were summarised using frequency tables, percentages and bar charts
while ontinuous iables such as age, post-operative PSQ and DASH scores were
summarised using mean and standard deviation.
The Pearson chi-square test was used to test the associations between levels of satisfaction
and disability, and socio-demographics, clinical profile and therapeutic history.
Shapiro Wilk test for normality performed on AROM and VAS scores data indicated that the
data were not normally distributed. Consequently, VAS pre-operative and final scores were
compared using Wilcoxon Signed Ranked test while AROM pre-operative, 6 month and final
were compared using Friedman ANOVA. Multiple pairwise post-hoiﬁnalysis (for Friedman
ANOVA) was computed to identify time points that significantly differ. Level of significance was
set at p < 0.05.

RESULTS

Data regarding 48 participants, with a total of 61 PIPJ arthroplasties, were reviewed and
analysed. For the purpose of this study, the most symptomatic joint (with higher/highest VAS
scores was chosen for patients with multi-digit arthroplasty). The mean age at final follow-up
assessment was 62.54+9.27 years. The summary of participants’ sociodemographic
characteristics and clinical profile is presented in Table |. It was observed that 35 of the

participants (73%) were female while 62% of the participants were retired. All participants




(100%) presented with late OA as the stage of degeneration. The digit most operated on was
the middle finger with 22 arthroplasties. Participants’ main reason for surgery was joint stiffness
(68.8%). All participants (100%) had the Modified Central Slip surgical approach. Of the 48
patients who had surgery, 40 (83.3%) only had one joint operated on while the remaining 8
had surgery for more than one joints. Sixteen patients (33%) however required repeat surgery.
Table Il shows the therapeutic history of the participants. The mean total follow-up time was
18.4+16.8 months with most participants (41.7%) having been followed up between 11-20
months. Post-operatively, all participants (100%) had a dorsal blocking splint fabricated
combined with the Modified Early active protocol. Twenty-one participants (43.8%) and 28
(58.3%) attended a total of 5-10 sessions of physiotherapy and occupational therapy
respectively. Only 25 participants (52.1%) were consistent in attending therapy sessions, while
the remaining 23 participants (48%) missed or cancelled between 1 and 4 sessions each.
Twenty-two (36.1%) of the 61 fingers operated presented with post-surgical complications.
Swan neck deformity was the most prevalent (13.1%) complication observed. The distribution
of post-surgical complications observed among the participants is presented in Figure |

The mean PSQ and DASH scores were 3.6+1.9 and 22.0+13.0 respectively. Categorical
distribution of levels of satisfaction and disability is presented in Table Ill. The majority of
participants (37.5%) were very dissatisfied with the post-operative status of their hand. Only 2
participants (4.2%) were highly satisfied. Mild disability was reported by 47.9% of the
participants but there were no reports of severe disability.

The association between variables and post-operative levels of satisfaction and disability is
displayed in Table IV. The results indicate that the level of satisfaction had a significant
association with gender (p = 0.029) only while level of disability had a significant association
with the number of missed/cancelled therapy appointments (p = 0.010).

Participants’ pre-operative (baseline) VAS and final VAS scores, as well as AROM at the three-
time points of pre-operative, 6 month and final assessment, are compared in Table V. Final
VAS scores were significantly lower than the preoperative scores (p < 0.001). The results
demonstrate a significant increase in median scores of AROM across the three-time points of
assessment. Post-hoc analysis showed that AROM at 6-month follow-up and the final
assessment was significantly higher than the value obtained at baseline but values obtained
at 6-month follow-up was not significantly different from those obtained during the final

assessment.

DISCUSSION
@

The purpose of the study was to explore the association between pre-surgical

sociodemographic and clinical characteristics on post-surgical hand function and satisfaction




of patients who had pyrocarbon PIPJ arthroplasty and to evaluate the effects of the procedure

on pain and AROM. A large proportion of the patients were very dissatisfied with the post-
operative status of their hand while about half ﬁnem reported mild disability. The participants,
however, had significant improvement in pain and AROM of PIP joint.

In view of the nature and distribution of osteoarthritis in the hand, multi-digit surgery in an
individual patient is common.'®'” Participants’ mean age (about 62.5 years) at the time of
surgery is consistent with the literature,'517.2324 ag PIPJ osteoarthritis predominantly affects
the ageing population. There was a higher proportion of female in the study sample which
highlights the higher incidence of PIPJ osteoarthritis in females as it appears to be a common
trend in the literature.2° The mean total follow-up of 18.44+16.81 months observed in the study
appears a relatively short follow-up compared to a minimum 7 year follow-up review reported

by Storey et al.?®

The main indication for surgery was joint stifness followed by pain and decreased hand
function. The literature supports pyrocarbon PIPJ arthroplasty as the primary surgical
indication to address PIPJ osteoarthritis as it provides pain relief and improvement of functional
ROM.818.17.232426.27 The digit most involved was the middle finger which was operated on
followed by the ring finger. There is minimal evidence in the literature regarding whether a

specific isolated digit shows better or improved treatment outcomes.

The modified central slip splitting technique adopted at this study venue could be described as
an early active protocol in view of the fact that it is slightly accelerated in comparison to the
standard pyrocarbon arthroplasty protocol. An early active mobilisation protocol has been
associated with minimal complications with postoperative stiffness.>'%24 All participants
followed the modified early active protocol with a dorsal blocking splint for protection. Only 6
(12.5%) patients required a dynamic extensor splint to address or prevent extensor tendon
deficit (extensor lag). The choice of splinting following arthroplasty may affect patient
compliance with rehabilitation and exercise protocols.?® This study found that only 25
participants (52.1%) were compliant with rehabilitation sessions.

A mean PSQ score of 3.6+1.9 was observed and 37.5% of the participants were very
dissatisfied with the postoperative status of their operated finger and hand. These findings
suggest that the level of satisfaction might be due to other factors besides pain and reduced
ROM, such as the aesthetic appearance of the joint, audible ‘squeaking’ on active movement
and stiffness. Only two participants were highly satisfied with their postoperative outcome. The
significant improvement observed in terms of pain and AROM outcomes do not aligrﬁvith the

level of satisfaction reported by the majority of the participants. There is evidence that pain




relief and patient satisfaction are generally good after pyrocarbon PIPJ arthroplasty as a large
percentage (71-84%) of participants has been reported to be very satisfied.®16.17.2324,2627
Nunley et al.' have reported a low satisfaction score among just 14% of their participants but
also found a gradual decline of initial high satisfaction scores over a period of time and

concluded that complications could generally develop at a later stage.

Almost half of the participants (47.9%) reported mild disability when performing daily tasks and
activities with a mean DASH score of about 22nThis seems to align with reviews conducted by
other authors.'217.1¢ McGuire et al.’® argued that functional scores don't offer a meaningful
interpretation in a progressive polyarthritic cmw’ion like osteoarthritis. McGuire and
colleagues'® are of the opinion that postoperative improvement in one particular joint of the
hand may not be a reflection of improvements in the functional score as the diseased adjacent
fingers may affect pain levels and skew the result. Contrary to this opinion, Dieppe and
Lohmander,?® submitted that reduction in pain may improve movement and functional ability.

According to Tagil et al.,’? pain and stifiness remain the major indications for almost every
osteoarthritic procedure but overall hand function would likely improve when pain-free
movement at the PIPJ is restored or maintained. Further, when tasks considered important to
the patient are performed with ease and minimal pain, a higher satisfaction score can be
expected.?® The significant association observed between gender and level of satisfaction
suggests that the perception of satisfaction by male and female participants in this study may
be different. Literature has shown that females appear to express pain more easily and readily
compared to the males,31 this will consequently impact on their perception of their health status.
It is also relevant to note that the level of disability had a significant association with the total
number of missed or cancelled therapy appointments. It appears there is a dearth of literature
regarding the number of therapy sessions patients attended or missed; however, it is logical
to infer that a patient who misses his/her appointments and consequently had the number of

treatment sessions reduced will come up with poor treatment outcomes.

Consistent pain relief and reduction of preoperative pain appear to be the most uniform finding
in published literature.®8.17-23 The significant reduction in pain observed in this study may be
directly attributed to arthroplasty which involves removal of subchondral bone cysts and
osteophytes along the articular joint surfaces of the arthritic PIPJ.32 Pyrocarbon arthroplasty

has been associated with decreased pain by the majority of previous studies.® 111314

Significant increase in ROM of PIP joint observed in this study suggests that PIP joint
pyrocarbon arthroplasty is also beneficial regarding the outcome. Improvement in ROM is an
anticipated and expected postoperative outcome. However, it is important to consider the




extent or magnitude of the recorded increase in ROM. ltis clinically relevant to identify whether

ROM follows a trend of plateauing, increasing or decreasing over a period of time.

Herren et al.'® reported an increase of 8 degrees with a mean follow-up of 19 months. The
retrospective review of 50 pyrocarbon PIP joints arthroplasty in 35 subjects at a é-rnonth
follow-up by Bravo et al.® showed an insignificant ROM increase of 7 degrees. Wijk et al. and
Nunley et al.5° both reported a decggase in active range of movement, -8 degrees and -2
degrees respectively. Watts et al.'” did_pot find a significant difference in ROM following a
retrospective review on 97 pyrocarbon PIP joint arthroplasties at a five-year follow-up. The
findings of the highlighted authors seem not consistent with the results of the present study.
Interrater assessments and differences in duration of follow-up assessments may have

accounted for the observed difference.

Active ROM at 6 months and final assessment were comparable. This finding is in agreement
with the report of Reissner et al.’® which indicated that postoperative findings may show a
decrease or plateau in ROM at a longer follow-up period.'® The plateau in AROM has been
attributed to a combination of scar tissue formation and patients decreasing their exercise

intensity and frequency.>
Limitations

The follow-up time of about 18 months appears relatively short and not conducive for detection
of deformity and/or a decrease in the active range of movement at the PIPJ as most
complications are expected to occur beyond 2 years post-surgery. The small sample %e and
convenient sampling from a single clinic may limit the generalisability of results. Another
limitation of this study is that pain was not assessed at the 6th month follow-p. In addition,
there were no pre-operative DASH and PSQ scores assessments according to available
records.

21
Patients were treated and assessed by more than one therapists and the time of final follow-

up was not the same for all participants; these could have impacted on the validity of our

findings.
CONCLUSION

In spite ofimprovement in pain and ROM outcomes, levels of dissatisfaction and disability were
still relatively high among patients who had PIP joint pyrocarbon arthroplasty. Patient's sex
and missing of therapy appointments are likely predictors of post-operative levels of




satisfaction and disability respectively and should be considered in planning of rehabilitation

programmes.
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