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Abstract

Background: Diabetic foot ulcers (DFUs) are serious complications that induce a high risk of lower extremity
amputations and mortality. Compared with the standard of care, few reports analyzed the outcome of surgical
treatment mainly for diabetic toe deformities and ulcers. The aim of this study is to collate evidence on the
outcomes of interphalangeal resection arthroplasty (IP-RA) in preventing and treating diabetic toe ulcers distal to the
metatarsophalangeal joint.

Methods: A search strategy has been developed including electronic databases from inception. Only ulcers distal to the
metatarsophalangeal joints were included. Noninfected and infected ulcers were also included at any toe location (dorsal/
side/plantar). Outcomes were defined as healing rate, time to heal, ulcer recurrence, ulcer transfer, postintervention
infection, wound dehiscence, and additional surgeries including amputation. Proportional meta-analysis was conducted for
frequency outcomes.

Results: Six observational studies comprising 217 patients with 244 IP-RA procedures were included. The mean follow-
up period was 23.4 * 8.2 months. Weighted frequencies were as follows: healing rate (93.6%), ulcer recurrence frequency
(4.3%), ulcer transfer frequency (15.4%), postoperative infection (10.5%), wound dehiscence (17.8%), revision surgery
(5%), and amputation rate (3.4%). The mean healing time was 4.3 = | .8 weeks.

Conclusion: This review suggests that IP-RA is effective in preventing and treating diabetic toe deformities and ulcers
with a modest rate of complications for this specific and often challenging clinical presentation.
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prevention and treatment of diabetic toe deformities and
ulcerations,?223:28

A previous meta-analysis reported the outcomes of joint
resection arthroplasty in treating DFUs, with the majority of
the included articles being related to the Keller procedure or
its variant.”? This metatarsophalangeal joint resection
arthroplasty is usually based on resecting the base of the
first phalanx to treat plantar forefoot or digital ulcers of the
hallux. Alternatively, interphalangeal resection arthroplasty
(IP-RA) has been promoted to be a reasonable method to
prevent and treat digital deformities and wounds located at
the proximal or distal interphalangeal joints.”® Ulcer loca-
tion seem to impact outcomes; for example, time to ulcer
healing was found to increase progressively from toe to
midfoot to heel and, likewise, the ulcer healing rate was
higher when located in the toes compared to the midfoot
and heel location.'* On the other hand, minor amputations
were performed most frequently for toe ulcers.' The aim of
the study was to conduct a quantitative evidence synthesis
on the outcomes of IP-RA when performed for preventing
and treating diabetic toe deformities and ulcers.

Methods

Search Strategy

The following databases were included in the electronic
search strategy: PubMed, CINAHL, Cochrane Library, and
Google Scholar, from inception to October 2023. Specific
Boolean terms were used: (“arthroplasty resection” or “joint
resection” OR excision) AND (foot OR toe OR phalanx OR
phalangeal) AND (ulcer OR ulceration OR wound OR defor-
mity OR claw OR hammer) AND (diabetes OR diabetic).
There were no restrictions applied on language or date.

Criteria for Study Selection

Studies with comparative design, observational studies, and
case series were included. Review articles and single case
reports were excluded. Interphalangeal resection arthroplasty
was defined as one of the following procedures: resection of
the head of the proximal or the middle phalanx and/or resec-
tion of the base of the middle or distal phalanx. Dorsal, side,
and plantar ulcers on the toes around the proximal or distal
interphalangeal joints were included. Ulcers facing the meta-
tarsophalangeal joint were excluded. Noninfected and infected
wounds of any stage were accepted for inclusion; the presence
of osteomyelitis was not a criteria for exclusion.

Screening and Selection of Literature

Two reviewers independently screened the final list of hit
records generated by the electronic search. After removal of
duplicates, titles and abstract were checked and potentially
relevant abstracts had their full manuscripts for selection.

Reference lists of each selected study was further checked
for possible additional relevant studies. Disagreement on
eligibility was resolved by consensus.

Types of Outcome Measures and Outcome
Definition

The following frequency outcomes were looked for: heal-
ing rate, time to heal, ulcer recurrence, ulcer transfer,
postintervention infection, wound dehiscence, and addi-
tional surgeries including amputation. Recurrent ulcers are
ulcers that developed at the same site of the original ulcer
following intervention. A transfer ulcer would be an ulcer
occurring at an adjacent toe following the procedure.
Because we anticipated that half the studies were compara-
tive and the comparators were different, we reported each
comparison result for each outcome, when available.

Data Collection and Extraction

In preparing this review and with the prevision of dealing
with different study designs, both PRISMA (Preferred
Reporting Items for Systematic reviews and Meta-
Analyses) guidelines!! and the MOOSE (Meta-analysis of
Observational Studies in Epidemiology) statement'® were
used as checklists.

An Excel sheet was prepared for data extraction and to
record all pertinent details of the included studies. A joint
review to produce agreed accurate data was conducted fol-
lowing data extraction. Demographic data of the samples,
characteristics of the ulcers (type, location, and infection
status), surgical technique, and follow-up duration were all
reported.

Quality Assessment

The quality of the studies was assessed to detect potential
sources of bias from the study design using the Joanna
Briggs Institute (JBI) critical appraisal tool.'?

Data Analysis

Statistical analysis was conducted based on study type,
using StatsDirect (Cambridge, UK). Pooled mean = SD
values were reported for continuous variables. Proportion
meta-analysis (MA) was used to look for weighted frequen-
cies of outcomes. Heterogeneity was assessed by the incon-
sistency test (/7). Whenever the /» value was more than
50%, the random-effect estimate was selected for reporting.
The 95% confidence interval (CI) values were recorded. A
subgroup analysis was performed to look for outcome dif-
ferences between hallux and lateral toes (hallucal vs lateral
toes groups). Because no studies reported all outcomes, the
z-proportion test for 2 independent groups was used for fre-
quency results and analysis of variance for mean results.
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Characteristics of the Selected Studies

Of the 6 observational studies, 3 were case series and 3 ret-
rospective comparative studies. The studies included a
pooled sample of 217 patients with 244 IP-RA procedures.
Armstrong et al reported outcomes of IP-RA between 3
groups; nondiabetic, diabetic without history of previous
ulcers, and diabetic with history of previous ulcers.” Lew
et al® reported comparative outcomes between 13 patients
who underwent IP-RA and 13 controls treated with standard
care, consisting of offloading with either total contact cast
or modified shoes. Tardaguila-Garcia et al'® compared out-
comes of [P-RA vs arthrodesis.

Three studies*®!¢ were limited to ulcers located in the hal-
lux, 2 studies®’ to the lateral (lesser) toes, and another one'® to
all toes. The mean age of the pooled sample was 59.7 = Syears.
The mean follow-up period was 23.4 = 8.2 months. Table 1
summarizes the characteristics of the included studies.

Risk of Bias Assessment

The majority of the included studies scored very well in the
Joanna Briggs Institute appraisal tool, with a mean value of
8.5 of a maximum of 10. Table 2 shows details of quality
appraisal for each study.

Outcomes

Table 3 summarizes the outcomes of individual studies.
Healing frequency. Five studies®*"%!¢ reported the healing
rate with a pooled frequency of 93.6% (0.889 to 0.970,
P=11.6%). Armstrong et al’> demonstrated no difference in
healing between patients having a toe deformity with previ-
ous ulcer history compared with those without. Lew et al®
found a difference in favor of the IP-RA group vs standard
care (P=.06).

Healing time. Four studies reported on time to ulcer heal-
ing,*7%1% with a mean pooled period of 4.3 + 1.8 weeks. Lew
et al® reported the comparative results between IP-RA and
standard care, with a significantly longer time for the latter
(P=.03). Tardaguila-Garcia et al'® compared the healing time
between an arthroplasty group and an arthrodesis group
(5.4=x55weeks vs 4.0*+3.0weeks, respectively; P=.2).
These authors also stated that patients who received preven-
tive surgery healed earlier (P=.004), whereas patients who
received surgery for toe infection took longer to heal (P=.002).
Ulcer recurrence frequency. Five studies®*"#!¢ reported on
ulcer recurrence with a weighted frequency of 4.3% (95%
CI=0.008 to 0.105, =51.3%). Lew et al® reported a sig-
nificant difference in ulceration recurrence in favor of
IP-RA (P=.04).

Ulcer transfer frequency. Only Lew et al® reported on ulcer
transfer, where it occurred in 15.4% of the patients in the
IP-RA group and none in the control group (P=.2).
Postoperative infection. Four studies®*”® reported on postop-
erative infection with a weighted frequency of 10.5% (95%
CI=0.038 to 0.198, =40%). Armstrong et al’> reported
that patients with a history of previous ulceration were sig-
nificantly more likely to suffer a postoperative infection
(P=.04).

Wound dehiscence. Three studies>’® analyzed wound
dehiscence with a weighted frequency of 17.8% (95%
CI=0.08 to 0.301, ’=0%). Armstrong et al® reported no
significant difference in the prevalence of postoperative
wound dehiscence between the diabetic and nondiabetic
groups, and similarly between those with or without dia-
betic ulceration.

Revision surgery. Four studies>*’® reported on revision sur-
geries with a weighted frequency of 5% (95% CI=0.002 to
0.149, P=63%).

Amputation. Four studies”*”® reported on the amputation
rate following IP-RA with a weighted frequency of 3.4%
(95% CI=0.009 to 0.072, >=0%). Lew et al® reported a
higher frequency in amputation following standard of care
compared with IP-RA (P=.06).

Subgroup analysis. No significant difference was reported
between hallucal and lateral toes groups for the healing rate
(P=.4) and time to heal (P=.05). Significant differences
were found for (1) ulcer recurrence outcome favoring the
lateral toes group (P=.02), (2) the postoperative infection
outcome (P=.008), and (3) revision surgery outcome
(P=.01), both favoring the hallucal group.

Discussion

Patients with DFU are exposed to a dramatic increase in the
risk of lower extremity amputation and mortality.>2!?” In
particular, patients with chronic nonhealing ulcers associ-
ated with toe deformities were more likely to experience toe
amputation because of the high presence of concomitant
osteomyelitis.' In the last 2 decades, conservative nonam-
putation surgery gained more attention and advocates in the
management of DFUs.%%!%20 [n line with this, our meta-
analysis demonstrated higher efficacy in nearly all out-
comes when compared to those reported following standard
of care. Healing frequencies following standard of care as
reported in the literature were found to be suboptimal, as
only around half of the ulcers healed by 20 weeks.*%1020
Although noncomplicated acute ulcers have a higher poten-
tial of healing, only 56% of chronic ulcers had shown
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Table 2. The Joanna Briggs Institute Critical Appraisal Tool.

Rosenblum Armstrong Lew Tardaguila-Garcia Ehredt

Checklist etal't et al Kim et al’ et al® etal' etal*

Were there clear criteria for inclusion in Yes Yes Yes Yes Yes Yes
the case series?

Was the condition measured in a Yes Yes Yes Yes Yes Yes
standard, reliable way for all participants
included in the case series?

Were valid methods used for Yes Yes Yes Yes Yes Yes
identification of the condition for all
participants included in the case series?

Did the case series have consecutive Yes Unclear Yes Yes Yes Yes
inclusion of participants?

Did the case series have complete Unclear Yes Yes Yes Yes Yes
inclusion of participants?

Was there clear reporting of the Yes Yes Yes Yes Yes Unclear
demographics of the participants in the
study?

Was there clear reporting of clinical Yes Yes No Yes Unclear Yes
information of the participants?

Were the outcomes or follow-up results Yes Yes Yes Yes No Unclear
of cases clearly reported?

Was there clear reporting of the No Yes No Yes Yes Yes
presenting site’(s)/clinic’(s) demographic
information?

Was statistical analysis appropriate? Yes Yes Yes Yes Yes Yes

Total of “Yes” 8 9 8 10 8 8

complete healing by 20 weeks using standard of care. In
comparison, most of our included studies comprised chronic
ulcers, among which 93.6% healed.®

The mean healing time of 1 month following IP-RA is
considered significantly shorter than that reported with
standard of care."0%!1%1420 This result along with the
observed healing rate should motivate clinicians to opt for
the surgery earlier and more readily when faced with toe
ulcers. A recent evidence-based review calculated the opti-
mal timing for surgical bone offloading to be at 3 months for
nonhealing ulcers; 96% of DFUs healed in <1 month after
conservative bone surgery, whereas 68% of ulcers healed
within 3 months following standard of care.?®

Furthermore, the recurrence rate after this procedure
during a mean follow-up of 2 years was very low compared
with other conservative nonsurgical treatments. Although
healing could reach 90% for noncomplicated DFUs using a
total contact cast, the recurrence rate was found to be very
high: 40% at 4.5 months'* and 60% at 3 years."

In our review, 2 studies reported successful treatment of
postoperative infection with conservative nonsurgical treat-
ment.>® Kim et al” reported the outcome of revision surgery
to treat postoperative infection; 9 (75%) were successful,
whereas in 3 (25%) cases amputation was needed to control
the infection. Additionally, the amputation frequency is
found to be very low; Lew et al® reported the comparative

outcomes between standard of care and IP-RA with an
amputation frequency of 38.4% vs 0%, respectively.

Compared with previously published results following
standard of care, conservative surgery has been shown to
yield significantly better results and that for nearly every
studied outcome. Our results confirm the conclusions of
other surgical meta-analyses in the treatment of forefoot
DFU.22-25‘28'30

Only Lew et al® reported the ulcer transfer rate. Two
newly formed ulcers were noted following IP-RA proce-
dures. Such outcome warrants further investigation in the
future with comparative trials.

In most cases, claw toe deformity induced ulcers on the
dorsum of the toes, mainly over the proximal interphalan-
geal joint area. Rarely can it promote ulceration beneath the
metatarsal heads or on the pulp area. Three of the included
studies reported outcomes on dorsal ulcers associated or not
with toe deformities.>”!> These dorsal wounds were all
located in the lateral toes. On the other hand, studies includ-
ing plantar ulcers were located on the hallux beneath the
area of the IP joint.>*7%1¢ Although the period of time from
the onset of diabetes to the formation of claw toe is not well
investigated, it is admitted that most patients exceed a
10-year duration of diabetes.?’

The subgroup analysis showed no difference between
hallux and lateral toes in terms of healing frequency and
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time to heal. With respect to complications, ulcer recur-
rence was significantly lesser in the lateral toes group
whereas postoperative infection and revision surgery were
significantly lesser in the hallucal group. Nevertheless,
many outcome results were yielded from 2 studies and the
results should be taken with caution.

Several limitations could be noted. First and foremost,
the quality of evidence of any meta-analysis depends on
that of the included studies. Most studies were observa-
tional, with only 3 studies having a retrospective compara-
tive design, albeit with different comparators. That could be
inherent to the difficulty of conducting randomized con-
trolled studies in surgical research. Additionally, the
selected studies had a small sample of patients. Owing to
the combination of cases noted in some studies, we were not
able to differentiate outcomes based on dorsal/plantar, lat-
eral/hallux toe locations, or the presence/absence of infec-
tion. Few studies included ulcers located at the tip of the
toes but with no comparison with the standard flexor tenot-
omy procedure. Heterogeneity was mild for 3 outcomes,
healing frequency, postoperative infection, and wound
dehiscence, and was moderate for ulcer recurrence fre-
quency and revision surgery.

Nevertheless, the pooled results of this meta-analysis are
very encouraging and could serve as a solid base for future
higher-quality research.

Conclusion

This review of a limited number of cases found that dia-
betic patients with chronic toe ulcers and deformities may
benefit from the interphalangeal resection procedure. The
healing frequency and speed of healing for chronic wounds
would support the use of this procedure when treating dia-
betic toe ulcers and deformities. The relatively modest fre-
quency of postoperative complications for this specific
condition indicates that this surgery is relatively safe in
diabetic patients.
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