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Abstract
This systematic review evaluates nonoperative treatments for trapeziometacarpal joint osteoarthritis
(TMJO), a common degenerative condition in postmenopausal females causing pain, reduced mobility, and
diminished grip strength. Following PRISMA guidelines, a search was conducted across PubMed, Cochrane,
Embase, and MEDLINE for randomized controlled trials (RCTs) assessing pain outcomes with nonoperative
interventions over at least a six-month follow-up, using the visual analog scale (VAS) for pain measurement.
Eleven RCTs yielded moderate-quality evidence for the following: (1) corticosteroid (CSI) and hyaluronic
acid (HA) injections exhibit comparable mean delta pain scores after six months, with CSI offering early
relief at two to three weeks. After 12 months, CSI led to a continued decrease in pain, with a mean delta pain
score of 1.0 (p<0.05), contrasting with hyaluronic acid (HA) injections, which presented a modest though
nonsignificant improvement, demonstrating a mean delta pain score of 0.5 (p=0.16). (2) Relatively novel
therapies for TMJO, such as platelet-rich plasma (PRP) and dextrose, appear to surpass CSI in long-term
effectiveness, with dextrose showing a mean delta pain score of 3.8 (p<0.001) at six months and PRP
achieving a mean delta pain score of 5.5 (p=0.005) at 12 months. (3) Various hand therapies, notably
standard hand exercises and extracorporeal shockwave therapy (ESWT), demonstrated significant pain
reduction, with the former achieving a mean delta pain score of 1.5 (p=0.019) and the latter a score of 4.2
(p<0.001). (4) The use of orthoses substantially decreases pain levels, demonstrating a mean delta pain score
reduction of 2.6 at a 180-day follow-up (p=0.023) and 2.2 at a 12-month follow-up (p=0.002). In conclusion,
nonoperative treatments for TMJO, including intra-articular injections, hand therapy, and orthoses, provide
significant pain relief at a minimum of six months follow-up. The synergistic effect of combined
nonoperative management, as well as the effect size of each, is unknown.

Categories: Pain Management, Physical Medicine & Rehabilitation, Orthopedics
Keywords: systematic review, conservative treatment, nonoperative management, pain, trapeziometacarpal joint
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Introduction And Background
Trapeziometacarpal joint osteoarthritis (TMJO) is a prevalent orthopedic condition, particularly affecting up
to one-third of postmenopausal females [1]. This degenerative disease primarily involves the wear and tear
of the articular cartilage within the trapeziometacarpal joint. As the cartilage deteriorates, the bones may
begin to rub against each other, leading to inflammation and the formation of osteophytes or bone spurs.
These changes contribute to symptoms such as pain, reduced mobility, joint instability, and diminished grip
strength [2,3]. The synovial membrane, which normally produces lubricating fluid for smooth joint
movement, becomes inflamed and thickened, exacerbating pain and stiffness. Additionally, the surrounding
ligaments and tendons can weaken and degenerate, further compromising joint stability and function. While
various surgical methods are available to treat TMJO, they are often associated with a higher risk of
complications compared to conservative measures [4,5].

The effectiveness of nonoperative treatments, including intra-articular injections, hand therapies, and the
use of orthoses, has been challenging to ascertain due to the heterogeneity of the existing studies and their
generally short follow-up periods [6,7].

This systematic review aimed to update the current understanding of these nonoperative treatments,
focusing on their mid-term effectiveness in pain reduction over a follow-up period of at least six months.
The underlying hypothesis is that these nonoperative methods are effective long-term treatments for TMJO.

Review
Methods
This systematic review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [8]. The literature search targeted randomized controlled trials (RCTs) that presented
pain outcomes after a minimum of six months of nonoperative TMJO interventions, encompassing
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databases such as PubMed, MEDLINE, Embase, and the Cochrane Central Register of Controlled Trials
(CENTRAL). The search conducted in September 2023 utilized the specific search terms provided as follows:
((thumb basal joint) OR (cmc1) OR (first carpometacarpal)) AND ((arthritis) OR (osteoarthritis) OR (OA)) AND
((NSAID) OR (analgesics) OR (medication) OR (hyaluronic) OR (hyaluronidate) OR (hylan) OR
(corticosteroid) OR (steroid) OR (csi) OR (corticosteroid injection) OR (distraction) OR (orthosis) OR
(orthoses) OR (exercise) OR (physiotherapeutic) OR (physiotherapy) OR (hand therapy) OR (occupational
therapy) OR (physical therapy) OR (magnetic therapy) OR (viscosupplementation) OR (tramadol) OR
(ibuprofen) OR (acetaminophen) OR (diacerein) OR (leech therapy)).

Eligibility Criteria

Inclusion criteria consisted of studies that reported visual analog scale (VAS) scores before and after a
nonoperative treatment modality for TMJO, were published in English, and were RCTs. Studies were
excluded for several reasons. Surgical interventions and postoperative management were excluded to focus
solely on nonoperative treatments. Case reports and review articles were excluded to ensure the inclusion of
only high-quality, original research data. Studies that did not utilize the VAS scale in their pain score
analyses were also excluded. Additionally, while the search included articles published after 2021, none met
the inclusion criteria due to their study design, lack of VAS score reporting, or focus on operative treatments.
Studies were not excluded based on their date of publication. The evidence categorization adhered to the
Oxford Centre for Evidence-Based Medicine's definitions, and the inclusion criteria specifically focused on
RCTs with level I evidence [9].

Study Selection

Two authors (NG and NS) initially identified 1,410 articles focusing on the clinical outcomes of
nonoperative treatment in patients with TMJO. After removing duplicates, 765 unique studies were left. A
subsequent screening of titles and abstracts narrowed the search down to 32 articles that aligned with the
preliminary inclusion criteria. After a full-text review and exploring article reference lists for additional
relevant studies, 11 RCTs from 2005-2021 remained (Figure 1). Any conflicts that arose during the screening
process were mediated by the senior author (AK).
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FIGURE 1: PRISMA flow diagram of the assessed studies.
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Outcome Measures

The primary outcome measure utilized was the VAS pain score, taken both before and after nonoperative
treatments such as intra-articular injections, hand therapy, or orthoses for TMJO. The VAS is a continuous
tool designed to gauge pain intensity [10]. It consists of a 10-cm or 100-cm line on which patients mark their
perceived pain level. The leftmost end, 0 cm, represents “no pain,” while the rightmost end, 10 cm or 100 cm,
indicates “worst pain imaginable” [11]. To ensure consistency and uniformity in our results analysis for this
study, all VAS values initially recorded on a 0-100 scale were converted to a 0-10 scale to standardize
reporting.

Quality Control

We assessed the quality of the studies included using the Jadad scale [12]. Using this method, studies are
assessed based on the inclusion of the following three methodological characteristics: randomization,
blinding, and the accountability of all patients, including withdrawals (Table 1). The maximum score is five
points, with studies scoring between three and five points indicating higher quality.
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Studies Year
Was the study
described as
random?

Was the randomization
scheme described and
appropriate?

Was the study
described as
double-blind?

Was the method of
double-blinding
appropriate?

Was there a
description of
dropouts and
withdrawals?

Total

Stahl et
al. [13]

2005 Yes Yes - - - 2

Fuchs et
al. [14]

2006 Yes - - - Yes 2

Heyworth
et al. [15]

2008 Yes Yes Yes Yes - 4

Bahadir et
al. [16]

2009 Yes - - - - 1

Rannou et
al. [17]

2009 Yes Yes - - Yes 3

Carreira
et al. [18]

2010 Yes Yes - - Yes 3

Davenport
et al. [19]

2012 Yes Yes - - Yes 3

Jahangiri
et al. [20]

2014 Yes Yes Yes Yes Yes 5

Monfort et
al. [21]

2015 Yes Yes - - Yes 3

Ioppolo et
al. [22]

2018 Yes Yes - - - 2

Malahias
et al. [23]

2021 Yes Yes - - Yes 3

TABLE 1: Quality assessment of the analyzed studies using the Jadad scale.

Results
Study Characteristics

This systematic review synthesized findings from 11 publications spanning 2005 to 2021 which examined
the efficacy of nonoperative management of trapeziometacarpal joint osteoarthritis. The reviewed studies
included RCTs with follow-up durations greater than six months (Table 2). The patient population was
predominantly female, with a mean age primarily over the age of 60 years (Table 2). Most studies used the
Eaton classification to assess osteoarthritis severity among participants, with some also employing the
Kellgren grading system and others not excluding patients based on radiographic grade (Table 3). Various
forms of nonoperative treatment were utilized, encompassing intra-articular injections, hand therapy, and
the use of orthoses. The effectiveness of these interventions was measured using a VAS pain scale.
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Studies Year Journal
Study
design

Level of
evidence

No. of patients (study/control) Mean age (SD) Sex (female%)

Stahl et al.
[13]

2005
J Clin
Rheumatol

RCT I Steroid: 25; hyaluronate: 27 Steroid: 62; hyaluronate: 62
Steroid: 84;
hyaluronate: 92.3

Fuchs et al.
[14]

2006
Osteoarthritis
Cartilage

RCT I
Sodium hyaluronate (SH):
28; triamcinolone acetonide (TA): 28

SH: median 59.5; TA:
median 61.0

80.4

Heyworth
et al. [15]

2008
J Hand Surg
Am

RCT I Hylan: 20; steroid: 22; control: 18
Hylan: 64; steroid: 65;
control: 64

86.7

Bahadir et
al. [16]

2009
Clin
Rheumatol

RCT I Steroid: 20; hyaluronate: 20
Steroid: 62.9
(9.1); hyaluronate: 60.8 (7.3)

Steroid:
100; hyaluronate:
100

Rannou et
al. [17]

2009
Ann Intern
Med

RCT I 57/55
Cohort: 63 (7.9); control:
63.5 (7.6)

Cohort: 93.0;
control: 87.3

Carreira et
al. [18]

2010
J Rehabil
Med

RCT I 20/20
Cohort: 62.8 (8.5); control:
65.1 (10.1)

Cohort: 100;
control: 90

Davenport
et al. [19]

2012
Hand
therapy

RCT I 17/21
Cohort: 58 (11); control: 61
(10)

Cohort: 88.2;
control: 76.2

Jahangiri et
al. [20]

2014 J Orthop Sci RCT I Dextrose (DX): 30; steroid: 30
DX: 63.9 (9.4); steroid: 63.3
(10.1)

DX: 76.7; steroid:
70.0

Monfort et
al. [21]

2015
Joint bone
spine

RCT I
Hyaluronic acid: 48; betamethasone:
40

62.8 87.5

Ioppolo et
al. [22]

2018
Ann Rehabil
Med

RCT I
Extracorporeal shockwave therapy
(ESWT): 28; hyaluronic acid: 30

ESWT: 68.03 (9.04);
hyaluronic acid: 66.67 (8.06)

ESWT: 57;
hyaluronic acid:
60

Malahias et
al. [23]

2021 Cartilage RCT I
Platelet-rich plasma (PRP): 16; steroid:
17

PRP: 62.8 (10.6); steroid: 63
(11.8)

PRP: 81.3;
steroid: 81.3

TABLE 2: Description of articles and study demographics in the analyzed studies.
SH: sodium hyaluronate; ESWT: extracorporeal shockwave therapy; TA: triamcinolone acetonide; PRP: platelet-rich plasma

Studies Year
Type of
treatment

Description of treatment

Post-
op
follow-
up

Disease
staging

Pain outcomes

Stahl et
al. [13]

2005 Injection

Corticosteroid: 1 mL of 40 mg
methylprednisolone acetate.
Hyaluronate: 1 mL of 15 mg
sodium hyaluronate

1, 3,
and 6
months

Eaton stage II

Significant decrease in VAS pain levels in
both groups at 1, 3, and 6 months (p<0.001).
No significant difference between the
groups

Fuchs et
al. [14]

2006 Injection

1 mL (10 mg) sodium
hyaluronate (SH) and 1 mL (10
mg) triamcinolone acetonide (TA)
injections

3, 14,
and 26
weeks

Mean of 2.1
on the
Kellgren
score

88.0% of patients treated with SH and
79.1% treated with TA reported pain
improvement 26 weeks after the first
treatment

Heyworth
et al. [15]

2008 Injection

Hylan: 2 injections of 1 mL hylan
G-F 20 mg each (1 week apart).
Steroid: 1 mL placebo and 1 mL
sodium betamethasone sodium
phosphate-betamethasone
acetate 1 week later. Control: 2
injections of 1 mL normal saline
each (1 week apart).

2, 4,
12,
and 26
weeks​​

Patients were
not excluded
based on
radiographic
grade

Significant decrease in pain for the control
group at 2 and 4 weeks, for steroid at 2 and
4 weeks, and for Hylan at 2, 12, and 26
weeks compared with baseline​​
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Bahadir et
al. [16]

2009 Injection

Steroid: 20 mg triamcinolone
acetonide once. Hyaluronate:
three 5 mg sodium hyaluronate
injections at 1-week intervals

1, 3, 6,
and 12
months

Eaton stage II
or III

Compared to pretreatment, there was a
significant decrease in VAS score for the
steroid group at 6 months (p<0.001) and 12
months (p=0.013), but no significance for
the hyaluronate group. When comparing
between groups, the steroid group had a
significantly lower VAS compared to the
hyaluronate group at 6 months but not at 12
months

Rannou et
al. [17]

2009 Orthosis
Custom-made neoprene splint
worn at night vs. usual care at
the discretion of their physician

1, 6,
and 12
months

At least two
out of four
criteria:
osteophytes,
joint space
narrowing,
subchondral
bone
sclerosis, or
subchondral
cysts

Splint group showed greater reduction in
pain at 12 months than usual care (adjusted
mean change -22.2 vs. -7.9, p=0.002)

Carreira
et al. [18]

2010 Orthosis

Cohort: functional thermoplastic
splint, stabilizing the TMC joint,
worn for 180 days. Control: same
splint but worn for days 90-180

45, 90,
and
180
days​​

Grade II and
III OA of the
TMC joint​​

Significant reduction in pain in the splint
group compared to the control group at T90
(p=0.002), and at T180 (p=0.023)

Davenport
et al. [19]

2012
Physical
therapy

Specific first CMC joint stabilizing
exercises vs. general exercises

3 and
6
months

Cohort:
median Eaton
stage of III,
control:
median Eaton
stage of II

No significant improvement in pain score for
the specific exercise group. The general
group showed significant improvement in
resting pain score at 6 months (p=0.019)

Jahangiri
et al. [20]

2014 Injection

DX: 0.5 mL of 20% DX with 0.5
mL of 2% lidocaine, monthly for 3
months. Steroid: single dose of
40 mg methylprednisolone
acetate (0.5 mL) with 0.5 ml of
2% lidocaine after 2 monthly
saline placebo injections​​

1, 2,
and 6
months

All beyond
the Eaton
stage I

After 6 months of treatment, both the
dextrose and steroid groups demonstrated
significant improvements in pain, with the
dextrose group showing a more pronounced
decrease (76% vs 47% in the LC group)

Monfort et
al. [21]

2015 Injection

0.5 cm3 of 5 mg hyaluronic acid

(HA) or 0.5 cm3 of 1.5 mg
betamethasone injections, once
weekly for 3 weeks

7, 14,
30, 90,
and
180
days​​

Kellgren-
Lawrence
grade I-III​​

In all patients, VAS scores decreased
significantly in both groups compared to
baseline, with no differences between
groups. In patients with VAS ≥ 5 at baseline,
treatment with HA was superior to
betamethasone, with significant differences
in mean changes of VAS score observed at
180 days (p=0.02)

Ioppolo et
al. [22]

2018
ESWT vs
Injection

ESWT: 2400
pulses/session/week for 3 weeks,

4 Hz, 0.09 mJ/mm2. HA: 0.5 cm3

injection/week for 3 weeks

3 and
6
months

Eaton stage II
or III

Significant decrease in pain in the ESWT
group (p=0.012) and HA group (p<0.001)

Malahias
et al. [23]

2021 Injection

PRP: 2 ultrasound-guided intra-
articular PRP injections 15 days
apart. Steroid: 2 ultrasound-
guided intra-articular
methylprednisolone 125 mg/2 mL
and lidocaine injections 15 days
apart

3 and
12
months

Eaton stages
I-III

PRP group had significantly better VAS
score improvement at 12 months compared
to the steroid group (median 20/100 vs
65/100, p=0.015)

TABLE 3: Types of treatments and pain outcomes in the analyzed studies.
VAS: visual analog scale; TA: triamcinolone acetonide; SH: sodium hyaluronate; TMC: trapeziometacarpal; OA: osteoarthritis; CMC: carpometacarpal; DX:
dextrose; LC: local corticosteroid; ESWT: extracorporeal shockwave therapy; PRP: platelet-rich plasma; HA: hyaluronic acid
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Quality Assessment

The mean Jadad scale score for the RCTs was 2.8 out of 5 (Table 1).

Intra-articular Injections

The effectiveness of intra-articular injections for pain relief was assessed in eight studies that had a
maximum follow-up of one year. Three studies comparing corticosteroid injection (CSI) versus hyaluronic
acid (HA) injection showed no significant inter-group differences after six months [13,14,21]. The study by
Fuchs et al. showed that corticosteroid injections (CSI) were faster and more effective for pain relief only in
the initial stages, particularly at two to three weeks post-treatment [14]. At 26 weeks, 88% of patients treated
with HA reported improvement in pain, with a median delta pain score of 3.6. In contrast, 79% of patients
who received CSI reported pain improvement, with a median delta pain score of 1.8. However, there were no
statistically significant inter-group differences (p=0.36) [14]. In the study conducted by Bahadir et al., a
significant reduction in pain was noted in the CSI group compared to the HA group [16]. The injections were
given just proximal to the radial base of the first metacarpal bone, volar to the extensor pollicis brevis
tendon, and the CSI group exhibited a significant decrease in pain with a mean delta pain score of 2.4 at the
six-month follow-up (p<0.001) and 1.0 at the 12-month follow-up (p<0.05). In contrast, the HA group did not
show a statistically significant improvement, demonstrating a mean delta pain score of 0.8 after six months
(p=0.074) and 0.5 after 12 months (p=0.16). Conversely, Heyworth et al. reported that the HA group alone
showed a significant pain reduction (p<0.05) after six months, in contrast to the CSI and placebo groups,
which did not exhibit improvements in pain [15]. Ioppolo et al. observed a significant pain reduction from
baseline to the six-month follow-up after HA injection, demonstrating a mean delta pain score of 1.6 [22].
Jahangiri et al. conducted a study with 30 patients in each dextrose and CSI group, demonstrating significant
pain improvement at six months after injections into intra- and peri-articular locations just proximal to the
base of the first metacarpal in the snuffbox [20]. Both dextrose and CSI significantly improved pain, with
dextrose exhibiting a more pronounced effect, leading to a 76% decrease in pain compared to a 47% decrease
with CSI, as evidenced by mean delta pain scores of 3.8 (p<0.001) for dextrose and 2.1 (p<0.001) for CSI [20].
Finally, Malahias et al., in a small study of 16 patients in the platelet-rich plasma (PRP) group and 17
patients in the CSI group, found that at 12 months, ultrasound-guided PRP injections significantly
outperformed ultrasound-guided CSI in improving pain scores, with PRP achieving a median delta pain
score of 5.5 (p=0.005) compared to 0.5 for CSI (p=0.11) [23]. Interestingly, while CSI showed a pronounced
effect at thre months with a median delta pain score of 5.0 (p=0.001), this advantage was not sustained at
the 12-month follow-up [23].

Hand Therapy

Two RCTs evaluated the efficacy of hand therapy techniques in the nonoperative management of pain
associated with TMJO. The study by Davenport et al. focused on comparing the effectiveness of specific first
carpometacarpal joint stabilizing exercises versus general exercises over three to six months [19]. The group
assigned to specific exercises did not demonstrate significant improvements in pain, evidenced by a median
delta pain score of -0.1. However, the group engaged in general exercises showed a significant improvement
in resting pain scores at six months, achieving a median delta pain score of 1.5 (p=0.019). In a separate
study, Ioppolo et al. assessed the efficacy of extracorporeal shockwave therapy (ESWT) or HA once a week
for three consecutive weeks for managing pain associated with Eaton stage II or III osteoarthritis [22]. Their
findings, with the 28 patients in the ESWT group having a mean delta pain score of 4.2, revealed a
significant reduction in pain at six months post-treatment (p<0.001) when compared to 30 HA patients with
a mean delta pain score of 1.6.

Orthoses

Two RCTs investigated the effectiveness of orthoses in the nonoperative treatment of pain related to TMJO.
Carreira et al. conducted an RCT with participants using functional thermoplastic splints over a period of
180 days [18]. The study observed a significant reduction in pain for the splint group compared to the control
group, with mean delta pain scores of 2.6 at the 180-day follow-up (p=0.023). A different study by Rannou et
al. found that using a custom-made neoprene splint at night significantly reduced pain over 12 months when
compared to usual care treatment at the discretion of the patient’s physician, with a mean VAS pain score
decrease of 2.2 in the splint group versus 0.8 in the usual care group (p=0.002) [17].

Discussion
In this systematic review of 11 RCTs from 2005 to 2021 with a follow-up period greater than six months, we
evaluated the efficacy of nonoperative interventions for TMJO, including intra-articular injections, hand
therapy, and orthoses. The findings indicate that various nonoperative management strategies significantly
improve pain outcomes in TMJO patients, with results varying across treatment types.
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Summary of Evidence

Several reviews focusing on the nonoperative management of TMJO have presented similar findings [6,7,24].
Notably, these reviews encompassed studies with follow-up periods starting as early as two weeks and
included a greater variety of nonoperative treatments. However, this review did not include these
treatments primarily because their follow-up duration was shorter than six months. Spaans et al. conducted
a systematic review of 23 RCTs on the nonoperative treatment of TMJO and revealed limited conclusions
due to a lack of RCTs with sufficient follow-up as well as heterogeneity of the population, interventions, and
outcomes [6]. The review suggests that hand therapy may alleviate pain and that both steroid and
hyaluronate injections provide relief, with hyaluronate being more effective. Our review differs in that it
specifically targeted RCTs with a minimum follow-up of six months. Furthermore, it employed the Jadad
scale for quality assessment, while Spaans et al. did not explicitly utilize a quality assessment framework.
Another systematic review by Hamasaki et al. revealed that interventions like saline injections, custom-
made orthoses, and nerve mobilization were effective for pain relief, with these findings supported by low-
to-moderate quality evidence [7]. Their review included lower-quality evidence by encompassing non-RCTs
and systematic reviews in their analysis, while this current study focused exclusively on higher-quality RCTs
with a high level of evidence.

Previous meta-analyses present mixed views on the effectiveness of CSI versus hyaluronic acid and other
methods for intra-articular injections [25,26]. Riley et al. reported reduced pain in the medium term, defined
as three months up to and including six months, with CSI compared to hyaluronic acid, yet finding no clear
superiority among common injection therapies or against placebo for pain reduction in TMJO [25]. Trellu et
al. echoed these findings, noting that at 24 weeks, CSI showed no significant pain reduction difference
compared to placebo but was more effective in reducing pain than hyaluronic acid [26].

The current literature indicates a varied range of results arising from intra-articular injections, with nearly
an equal amount of evidence favoring different treatments and several studies showing comparable
outcomes between HA and CSI injections in follow-ups exceeding six months [13-16,21,22]. This diversity in
findings can be attributed to the heterogeneity in study designs, variations in dosages and frequencies of the
injections, as well as differences in the presenting symptoms and the underlying degree of arthritic changes.
In this review, studies favoring HA as a treatment option highlight its effectiveness in consistently providing
pain relief over 26 weeks [14,21]. HA’s purpose is to restore synovial fluid viscoelasticity and promote joint
homeostasis; however, at a higher cost and slower onset of short-term pain relief [14,21]. Furthermore, one
study had a one-year follow-up, the longest among those comparing CSI and HA, and revealed that CSI
provided pain reduction at 12 months, whereas HA's significant pain relief lasted only for the first six
months [16].

This review suggests that PRP can reduce pain, but due to the small sample size and absence of a placebo
group in the study, definitive conclusions about its effectiveness are limited [23]. Limited evidence suggests
PRP's pain reduction benefits in the thumb, with previous research indicating effectiveness in knee
osteoarthritis at six months [27]. One recent RCT by Winter et al., the first of its kind, found that combining
PRP with autologous fat in TMJO resulted in significantly greater long-term pain reduction compared to
saline at 12 months, as measured by the numerical rating scale (NRS), though PRP alone was less effective
than the saline control [28].

Furthermore, the use of dextrose prolotherapy has shown support in treating tendinopathies, osteoarthritis
of the knee and fingers, as well as pain in the spinal and pelvic regions caused by ligament dysfunction [29].
Prolotherapy is a regenerative injection therapy that involves injecting a solution, often dextrose, into
damaged or painful areas to stimulate tissue repair and reduce pain. However, its effectiveness as a first-line
treatment for managing pain in TMJO remains unclear based on the literature. Several studies have
demonstrated its effectiveness in treating various musculoskeletal conditions. For instance, Sit et al. found
that dextrose prolotherapy significantly improved pain and function in patients with knee osteoarthritis
compared to placebo and other noninvasive treatments [30]. Moreover, Rabago et al. highlighted the
effectiveness of prolotherapy in knee osteoarthritis, with significant improvements in pain, function, and
stiffness scores compared to saline injections and at-home exercises [31]. This review focused on the only
study that employed it for the thumb joint. Although dextrose showed a more favorable pain outcome over
CSI after a follow-up period of six months, both treatments exhibited similar effectiveness in the short term
[20]. The authors endorse dextrose prolotherapy due to its effectiveness in alleviating pain and improving
functionality.

In this study, two hand therapy approaches, ESWT and general exercises, showed pain relief benefits at six
months, with ESWT being notably more effective than HA injections [19,22]. Furthermore, ESWT has proven
to be a safe, noninvasive, and effective therapy for osteoarthritis, offering more benefits than placebo, HA,
CSI, and PRP injections [32]. Currently, there is a scarcity of published studies on hand therapies or specific
exercises for TMJO with follow-up periods extending beyond six months. The studies by Villafañe et al. had
limitations, including short follow-up durations (two weeks to two months), an older patient group (aged
70-90 years) with severe osteoarthritis, and a focus on various hand therapy techniques including joint
mobilization, radial nerve mobilization, and an exercise protocol [33-38]. Berggren et al. demonstrated that
the majority of patients with TMJO, who were treated nonoperatively through hand therapy and had access
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to occupational therapy devices, did not require surgery even after a follow-up period of seven years [39].

This evidence suggests that orthoses can facilitate in pain reduction; however, the authors recognized
certain limitations such as a predominantly female participant group, the lack of assessment regarding
patients’ compliance with and opinions on the splinting, as well as conducting one of the studies in tertiary
care teaching hospitals using custom-made splints [17,18]. The studies also did not use similar radiographic
criteria to stage the patients, raising questions about the broader applicability of the findings. Furthermore,
the authors highlighted that the exclusive use of splints only during the night may have led to a delayed
recognition of their therapeutic benefits [17]. Future studies, conducted in primary care environments,
should involve extended follow-up periods and examine the use of orthoses both at night and during
activities of daily living, to more definitively establish their effectiveness in nonoperatively managing
TMJO.

Limitations
Some limitations must be acknowledged in this review. The reliance on the VAS as the primary outcome
measure may not fully capture the multidimensional aspects of pain. Furthermore, the inherent subjectivity
of the VAS, combined with variations in patient populations and cultural interpretations of pain can
introduce significant variability in results. However, we opted to use this specific measurement approach
due to its proven reliability in assessing acute pain, as evidenced by its high intraclass correlation coefficient
(ICC) [40]. Another limitation is that the moderate Jadad scale score of 2.8 in this review indicates that the
studies included may have methodological limitations that contribute to heterogeneity in the analysis.
Furthermore, the analysis did not examine the correlation between Eaton-Littler staging and VAS pain
outcomes. This limitation arose from the inclusion of patients from various osteoarthritis stages, the use of
different grading measures, and the lack of reporting on specific osteoarthritis stages in individual patients,
all of which limited potential insights into how disease staging impacts nonoperative treatment efficacy and
pain scores post-treatment.

Conclusions
This systematic review provides a contemporary overview of the effectiveness of nonoperative treatments
such as intra-articular injections, hand therapies, and orthoses in alleviating pain in TMJO over a period of
six months or more. These interventions have been shown to offer pain relief, although the degree of
effectiveness varies among them. The diversity in outcomes across the studies can be attributed to the
chronic nature of TMJO, characterized by periods of exacerbation and remission, which can influence the
response to and efficacy of these treatments. Given TMJO's prevalence in hand surgery, conducting larger-
scale, higher-quality RCTs is both feasible and necessary. Future research should aim to enroll a greater
number of participants, extend the duration of follow-up, and include subgroup analyses based on the
severity of osteoarthritis.
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