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Aims

In the treatment of basal thumb osteoarthritis (OA), intra-articular autologous fat transplantation
has become of great interest within recent years as a minimally invasive and effective alternative
to surgical intervention with regard to pain reduction. This study aims to assess its long-term
effectiveness.

Methods

Patients diagnosed with stage one to three OA received a single intra-articular autologous
fat transplantation. Fat tissue was harvested from the abdomen and injected into the trape-
ziometacarpal (TMC) joint under radiological guidance, followed by one week of immobiliza-
tion. Patients with a minimum three-year post-procedure period were assessed for pain level
(numerical rating scale), quality of life (Mental Health Quotient (MHQ)), the abbreviated version
of the Disabilities of Arm, Shoulder and Hand questionnaire (QuickDASH)), and grip and pinch
strength, as well as their overall impression of the treatment. Wilcoxon tests compared data from
pre-intervention, and at one and three years post-intervention.

Results

Out of 136 treated joints, the study involved 87 patients (37 patients were loss to follow-up,
and 12 patients (9%) who underwent resection arthroplasty) with a median follow-up of 4.9
years (IQR 5.4 to 5.9). Pain, both at rest and during stress, significantly improved at one year
and remained stable through three years. Sex, age, and stage of disease were not associated
with postoperative pain levels. Patient-reported outcome measures for QuickDASH and MHQ
improved up to at least three years post-treatment. Patients reported high satisfaction and
willingness to recommend the procedure. Grip and pinch strength did not significantly change
over time.

Conclusion

The data show that autologous fat transfer has a longer-lasting effect in two-thirds of re-exam-
ined patients. If patients had an initial positive response, the pain-reducing effect lasted for at
least three years. Therefore, this minimally invasive approach can offer a valuable treatment
alternative for basal thumb OA.
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- Intra-articular autologous fat transplanta-
tion is a minimally-invasive, long-lasting
treatment option for basal thumb osteoar-
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Table I. Demographic data of patients.

Variable Data
Sex, n (%)

Male 26 (29.9)
Female 61 (70.1)
Mean age, yrs (range) 61.2(29t0 79)

Mean BMI, kg/m/? (SD; range) 24.4(4.7;18.410 44.2)

Operated hand, n (%)

Dominant 39 (45)
Non-dominant 48 (55)
Dominant hand, n (%)

Right 80(92)
Left 7(8)
Eaton & Littler stage, n (%)

1 54 (62)
2 26 (30)
3 7(8)
Median follow-up, yrs (IQR) 49(4.1t05.3)

Introduction

Trapeziometacarpal osteoarthritis (TMC-OA) is one of the most
common degenerative diseases of the hand; elderly females
are the most affected. Definitive surgical treatments require a
long rehabilitation period, so patients often opt for minimally
invasive techniques. Although total replacement of the TMC
joint has shown impressive results in terms of faster recov-
ery, less pain, and better thumb opposition, the high risk of
complications should not be underestimated, and trapeziec-
tomy remains the “gold” standard in the surgical treatment of
TMC-OA'!

Nevertheless, deferring surgery is of great inter-
est, particularly from an economic- and patient-centered
perspective. Intra-articular injection of autologous fat has
increasingly emerged as a minimally invasive and effective
treatment option for TMC-OA. The required adipose tissue
is easily accessible and available in large quantities. Long-
term follow-up has shown that there is no risk of malig-
nant potential with autologous fat grafting. Autologous fat
transfer (AFT) is increasingly being used in the treatment of
OA because of its good clinical results.** This has also been
shown to improve joint cartilage in animal studies.’ In humans,
autologous fat is applied both to the lower limb, mainly to
the knee and ankle joint, and to the upper limb, mainly to the
TMC and radiocarpal joint. The primary clinical outcome is a
significant reduction in pain, resulting in an extremely high
level of patient satisfaction. In addition, AFT aims to postpone
definitive surgery, slow the progression of OA, and achieve a
better quality of life (QoL).

Many studies have demonstrated the positive and
lasting effects of the “single shot” therapy, but there is still a
great need for long-term results. Therefore, we re-examined
the patients from our previous one-year study group and
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Table II. Results of logit regression.

Characteristics OR p-value*
Eaton & Littler stage 0.93 0.874
BMI, kg/m? 0.82 0.052
Age at OP, yrs 0.99 0.858
Male sex 4.79 0.061

*Univariate logistic regression with Wald test.
OR, odds ratio.

included those whom we were able to contact after that
period, who had more than three years of follow-up in this
study.’

Methods

In our preliminary investigation, patients with stage one
to three basal thumb OA according to the Eaton-Littler
classification® were included following unsuccessful conserva-
tive therapy for at least six months, such as physiotherapy,
splinting, non-steroidal anti-inflammatory drugs, or corticoste-
roid injection, with the last injection being at least three
months prior to ensure its effects were ruled out. We rec-
ommended AFT to all patients as the first minimally inva-
sive approach before a conversion to definitive surgery. All
patients preferred AFT as a first attempt. Patients with a
history of thumb surgery were not included. We conducted an
intra-articular autologous fat transplantation to the TMC joint
without any alterations or additional substances. Autologous
fat was harvested from the lower abdomen and injected
immediately after mechanical homogenization in the TMC
joint under fluoroscopic radiological guidance. The patients
were placed in a splint for a week, and no additional therapy
was administered. The procedure was described in detail in
our initial publication.?

To examine the extended follow-up period, we
included all patients with a minimum of three years’ post-
intervention and invited them for a follow-up examination.

In all, 136 joints (128 patients) were initially included in
the first study, which fulfilled the inclusion criteria. Overall, 37
patients (29%) were lost to follow-up, and 12 patients (9%)
underwent resection arthroplasty, from whom we did not
have any further follow-up data. Thus, a total of 87 joints were
included in the long-term follow-up examination, and these
were subsequently categorized into responder and non-res-
ponder groups. The main outcome measure for pain was
assessed using the numerical rating scale (NRS) during rest
and stress, since pain is the most important criterion for QoL.

Secondary outcome parameters were the QoL
determined by the patient-reported outcome measures
(PROM:s): the Michigan Hand Outcomes Questionnaire (MHQ);’
and the abbreviated version of the Disabilities of the
Arm, Shoulder and Hand questionnaire (QuickDASH).®2 The
definition of “responder” was a reduction of pain of minimum
three points on the NRS. Alongside patients’ grip strength
(Jamar Dynamometer; Jamar Technologies, USA) and pinch
strength (Pinch Gauge Dynamometer PG-30; B&L Engineering,
USA), there were also responses to two questions: whether
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Fig. 1

Numerical rating scale (NRS) of the operated hand while resting,
with boxplot showing the absolute preoperative values: T0, and at
follow-up after 12 months and 36 months.
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Fig. 2

Changes in numerical rating scale (NRS) of the operated hand
while resting, with boxplot showing the differences comparing
two timepoints: baseline (T0), with follow-up at 12 months and at
36 months, and changes between 12 and 36 months. One- and
three-year follow-up show significant correlation when compared to
baseline. *p < 0.05, **p < 0.005, ***p < 0.001; Wilcoxon test.

the patients rated the procedure as a success (“definitely”,
“slightly’, or “none”); and whether they would recommend the
procedure. The analysis compared the change in outcomes
after one year and at least three years to explore long-term
effectiveness.

Demographic analysis/patients

Overall, 61 female cases (70.1%) and 26 male cases (29.8%)
with a mean age of 61.2 years (SD 9.7; 29 to 79) and with a
mean BMI of 24.4 kg/m? (SD 4.7; 18.4 to 44.2) were included
in this study. A total of 79 patients and 87 cases attended the
three-year follow-up visit. The median follow-up period was
4.9 years (IQR 4.1 to 5.3) (Table I).

Most patients (92%) were right-handed. In 45% of the
cases, the dominant hand was affected. According to the
Eaton and Littler classification, most affected hands (62%, n
= 54) showed advanced OA (stage 3), 30% (n = 26) had stage
two OA, and only 8% (n = 7) had mild OA (stage 1).°

Statistical analysis

All data were documented in a REDCap data base (Research
Electronic Data Capture; Vanderbilt University, USA), all
analyses were performed using the statistical computing
software R v. 3.6.2 (R Foundation for Statistical Computing,

10

NRS pain score al stress

Fig.3

Numerical rating scale (NRS) of the operated hand at stress, with
boxplot showing the absolute values preoperatively: TO (beige), and
at follow-up after 12 months and 36 months.
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Fig. 4

Changes in numerical rating scale (NRS) of the operated hand
at stress, with boxplot showing the differences comparing two
timepoints: baseline (T0), with follow-up at 12 months and at
36 months, and changes between months 12 and 36. *p < 0.05, **p <
0.005, ***p < 0.001; Wilcoxon test.

Austria). Distribution of outcomes are presented in box-
plots, and changes between follow-up are tested employ-
ing Wilcoxon tests signed-rank test for matched samples.
Univariate logistic regression models were used to explore the
impact of age, sex, BMI, stage, and preoperative NRS stress on
the chances of treatment success (i.e. showing a reduction in
NRS stress of at least three score points).

Results

Primary outcome parameter: pain

Figure 1 displays the NRS distribution of the operated hand
during rest at baseline (T0), and after months 12 and 36.
Figure 2 shows the changes in NRS in comparison to baseline
and between the two follow-up time periods. A significant
improvement of NRS at rest after year one and after long-term
follow-up over three years when compared to baseline (p =
0.002 and p = 0.003, Wilcoxon test) was found. In addition,
there was no significant worsening of NRS between year
one and year three (p = 0.285). Overall, 33% of cases were
responders to treatment and showed a reduction of three
points on the NRS at 36 months compared to TO, while
another 33% showed a minimal improvement of one or two
points in pain. At the last follow-up visit of three years, 94%
of cases had no or only mild pain (maximum three points on
NRS).
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Fig.5

Boxplot showing the absolute abbreviated version of the Disabilities
of the Arm, Shoulder and Hand questionnaire (QuickDASH) values
preoperatively: TO, and at follow-up after 12 months and 36 months.
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Fig.6

Changes in abbreviated version of the Disabilities of the Arm,
Shoulder and Hand questionnaire (QuickDASH), with boxplot
showing the differences comparing two timepoints: baseline
(T0), with follow-up at 12 months and at 36 months, and changes
between months 12 and 36. *p < 0.05, **p < 0.005, ***p < 0.001,
Wilcoxon test.

Pain during stress improved significantly when
comparing baseline to one- and three-year follow-up (p <
0.001, Wilcoxon test). No difference was observed between the
one- and three-year follow-up periods (p = 0.855; Wilcoxon
test, Figure 3 and Figure 4). Under stress, 52% cases indica-
ted only mild pain (NRS scale 3 or lower). Thus, a total of
66% of cases demonstrated a reduction of three points on
the NRS at 36 months compared to TO, and can thus be
considered as responders to treatment. Chance of respond-
ence was only associated with pain scores (NRS) at stress
at TO (preoperative), where higher scores increased chances
of a treatment respondence. Sex, age at intervention, and
stage of disease did not show any significant association with
chances of improvement (Table Il). BMI showed a negative
trend decreasing chances of success by 18% per increase of
one unit in BMI (p = 0.052, univariate logistic regression and
Wald test, Table II).

Secondary outcome parameters

Figure 5 illustrates the QuickDASH absolute scores at three
timepoints under stress. The initial follow-up score at T12
demonstrated a significant decrease when compared to TO
value (p < 0.001, Wilcoxon test). This reduction persisted
throughout the three-year follow-up period, as demonstrated
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Fig.7

Results of the Mental Health Quotient (MHQ) with respect to
the operated hand, with boxplot showing the absolute values
preoperatively: TO (beige), and at follow-up after 12 months and
36 months.
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Fig. 8

Changes in Mental Health Quotient (MHQ) with regard to the
operated hand, with boxplot showing the differences comparing
two timepoints: baseline (T0), with follow-up at 12 months and at
36 months, and changes between months 12 and 36. *p < 0.05, **p <
0.005, ***p < 0.001; Wilcoxon test.

by the follow-up score after three years in comparison to
the preoperative value (p < 0.001, Wilcoxon test), with no
significant alteration during the follow-up period (one to three
years) (p = 0.773, Wilcoxon test; Figure 6).

The analysis of the MHQ demonstrated a substantial
increase during the first follow-up after one year and at the
second follow-up after three years (Figure 7). Therefore, a
significant difference was observed between one and three
years (p < 0.001, Wilcoxon test). The median score remained
the same (zero change) when compared with follow-up T1
(one year) and T12 (three years) (Figure 8).

In terms of patients’ subjective evaluation, 53 patients
(61%) noticed a marked improvement, 15 (13%) observed
a slight improvement, and 30 (26%) did not observe any
changes after one year. The answers only changed slightly
after three years, with 58 patients (66%) noticing a definite
therapy success, 20 (23%) some positive effect, and ten (11%)
not seeing any improvement.

Nevertheless, 64 patients (73%) after one year and 71
(82%) after three years would undergo the surgery again.
Furthermore, 71 patients (84%) reported that they would
recommend the procedure after one year, and 79 (91%) stated
they would recommend it after three years.
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The mean pinch strength at TO was 5.9 kg, and
remained unchanged (5.9 kg after 12 months and 5.8 kg
after 36 months; Supplementary Figure a). The mean grip
strength was 28.4 kg preoperatively (T0), 27.9 kg after one
year, and 23.7 kg after three years. Statistical analysis revealed
no significant changes throughout the different timepoints
(Supplementary Figure b).

Discussion
Basal thumb arthritis has a high incidence in the elderly
population, particularly among females.”” Many conservative
and operative treatments have been described. The role of
regenerative therapies and minimally invasive techniques has
become more popular over time. AFT has played a tremen-
dous role in the field of plastic and hand surgery. A number
of clinical applications for a regenerative approach have been
reported in recent years."" One-third of studies on the use
of autologous fat cells pertains to treating musculoskeletal
disorders. Numerous publications describe the positive impact
of injecting abdominal fat sourced from the same patient
into a joint, including randomized controlled trials (RCTs) with
extended follow-up periods.””"> Most clinical studies have
focused on treating knee OA, as it is the most prevalent
degenerative OA of the human body."®

A recently published animal study applying adiposed-
derived stem cells to the knees of rats has revealed a sub-
stantial decrease in cartilage damage related to OA." Freitag
et al”® demonstrated a noteworthy decrease in pain and an
enhanced ability to carry out daily activities. AFT has been
applied to the TMC joint for over ten years, with convincing
short-term results reported in the literature.*'** Our cohort
provides the most extensive data on patients suffering from
basal thumb OA. Although Herold et al*® confirmed our results
after five years, they followed up with only 42 patients. Their
data showed a significant reduction in pain on NRS from 5.9 to
1.7; an equivalent reduction was observed for the DASH score.
Froschauer et al'® reported analogous findings with a median
follow-up of 31 patients over five years and a pain decrease
of six points (from 7 to 1) on the visual analogue scale. They
also presented a sustained pain reduction and QoL improve-
ment, which align with our results. Our longer-term outcomes
indicate promising potential for sustained effectiveness when
patients responded in the initial months post-treatment. In
our previously published data from the one-year follow-up,
we were unable to examine the therapy’s impact on strength.
However, measurements taken after three years confirm that
the therapy does not have a significant impact on strength.?

Our study has several limitations. First, we excluded
patients who underwent surgery within the first year after
treatment due to missing data. Second, we have an additional
percentage of patients lost to follow-up. This issue arose partly
because our study began in 2014, and contact information
for some patients was outdated, making them unreachable. In
addition, some patients were from distant locations, and we
were unable to offer compensation for their travel. Further-
more, the follow-up period coincided with the COVID-19
pandemic, which likely contributed to the attrition. A third
limitation pertains to our study’s design. While RCTs provide
the highest level of scientific evidence, our retrospective
study lacked a control group, which is a significant weakness.
However, in a previous study, we included a corticosteroid

control group that showed no effect after just six weeks,
leading to the discontinuation of that study design.’’ Despite
these limitations, our findings underscore the necessity of
conducting future studies with robust, controlled designs.

Until now, the exact cause of the positive effect on pain
reduction has not been fully understood. While some ideas
suggest a mechanical reduction of bone-to-bone contact,
thereby reducing direct abrasive contact of the joint surfaces,
others point towards an immunomodulatory and chondropro-
tective effect through paracrine secretion, resulting in an
anti-inflammatory effect. Potentially, there may be a regen-
erative component that can decelerate the progression of
OA. The anti-inflammatory effect can be attributed to the
reduction of pro-inflammatory cytokines and growth factors,
such as matrix metalloproteinase, tumour necrosis factor-
alpha, and interleukin-1, which cause the development of
OA”" In an experimental study, Taha et al* were able to
provide support for this thesis through an analysis of gene
sequencing. Nevertheless, basic science studies are needed to
further explain the specific pathomechanism.

The crucial aspect is patient satisfaction, which results
from pain reduction. Our findings validate patient satisfaction
through a marked decrease in QuickDASH score and increased
MHQ.

AFT is merely one of numerous minimal invasive
intra-articular therapies available. Its superiority over other
applications has yet to be substantiated by evidence, although
a few clinical trials compare competing techniques. The
enduring impact of AFT, when compared to the standard
of care (corticosteroid injection), is documented in a series
of case reports.”? Another intra-articular substance that can
be used for OA treatment is hyaluronic acid (HA). Being a
natural component of the joint, the synthetic provision acts
as a substitute for the degradation caused by OA. Neverthe-
less, its effectiveness has not yet been convincingly estab-
lished through clinical trials, and thus, its significance in OA
treatment is debatable.” Platelet-rich plasma (PRP) is a widely
discussed agent. It is used not only in the therapy for OA, but
also in various other regenerative treatments.”” The positive
impact of PRP can be explained by its containment of growth
factors and anti-inflammatory cytokines.”® All three methods
(AFT, HA, and PRP) lack high-quality evidence supporting
their efficacy. Only one systematic review and meta-analysis
examines the differences between PRP and AFT: according to
Winter et al,”’ both therapies demonstrate a lasting effect in
reducing pain, and both are superior to corticosteroids.

The beneficial impact of AFT has been recognized and
used for many years. Presently, ongoing clinical trials are
examining the efficacy of platelet-rich-plasma in the treatment
of OA. Therefore, in consideration of safety factors, traditional
fat grafting is advised.”’

Nevertheless, the clinical outcome and patient
satisfaction, with an improvement in QoL of over 50%, justify
including AFT in the therapeutic algorithm for the treatment
of basal thumb arthritis. This is especially supported by our
results, which demonstrate that the positive effect lasts for
at least three years. The rapid onset of pain reduction is
a significant advantage compared to conventional surgical
treatment options such as arthroplasties.”® More research is
needed to evaluate the long-term effectiveness of the therapy,
as are RCTs in order to provide robust evidence.
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In conclusion, the incidence of basal thumb arthritis is
on the rise, particularly among the elderly female population.
Consequently, there is a strong demand for a less invasive
therapy compared to surgery, but with longer-lasting effects
than standard injection therapies. Our comprehensive results,
derived from a large single-arm patient cohort with a follow-
up period of at least three years, demonstrate the efficacy of
a single-shot AFT. In responders, who make up 66% of our
follow-up cohort, the positive effects last for at least three
years. One-third of patients reported a significant improve-
ment of pain at rest of at least three points, while one-third
reported only a slight improvement in pain at rest. However,
the high rate of loss to follow-up (29%) and the number of
patients with treatment failure and conversion to surgery (9%)
from our initial cohort must be considered.

As if now, no patient-specific characteristics can be
defined to predict a positive response. For responders,
however, it can be a quick and effective solution to achieve
suitable pain levels during daily activities for several years and
therefore delay more invasive surgeries. Large-scale random-
ized placebo-controlled trials are needed to further investigate
and assess the efficacy of AFT in the treatment of basal thumb
OA.

Supplementary material

Two charts showing pinch and grip strength in kg, and changes at
difrent timepoints: a) absolute values at three dierent follow-
up dates; and b) changes between the baseline (TO) and three-
year follow-up compared to one-year follow-up.
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