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Introduction

Thumb carpometacarpal (tCMC) arthritis is a common and debilitating condition for
aging people worldwide. Conservative treatments including activity modification,
bracing, anti-inflammatory medications, and steroid injections remain the initial
treatment of choice. Given the size of the tCMC joint, intra-articular image-guided
injections (IGI) may provide more consistent and superior outcomes with comparison to
peri-articular anatomic landmark injections (ALI). This study systematically reviews the
accuracy and efficacy of intra-articular IGA versus ALIL.
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Methods

To evaluate the accuracy and efficacy of intra-articular IGI versus ALI of tCMC injections
for arthritis, a systematic review was performed according to PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) across Pubmed/Medline,
Cochrane, and Embase databases. The search used a combination of keywords and MeSH
terms. Inclusion criteria were studies conducted on human subjects that contained a
comparison of anatomic landmark-based injections to image guided tCMC injections.
Statistical analysis was not performed due to the lack of total studies that met inclusion
criteria and absence of level 1 evidence studies.

Results

A preliminary search of three databases provided 245 studies. Five studies ultimately met
the final inclusion criteria and were represented in this study. The two human-based
studies showed no clinically significant difference in outcomes between IGI and ALI The
three cadaveric studies showed no statistical difference in the accuracy of either
fluoroscopy or ultrasound-guided injections when compared with ALI. The cost of ALI
was, on average, $203 less than intra-articular ultrasound IGI.

Conclusion

While the current literature on this topic is limited, the current literature appears to
show no significant difference between the accuracy or efficacy of intra-articular IGI and
ALIL ALI injections appear to be a more cost-effective option without sacrificing outcome.
These results also highlight that intra-articular placement may not be necessary for
injection benefit, and future research and larger studies can be beneficial to improve

comparisons and outcomes.

INTRODUCTION

Thumb carpometacarpal (tCMC) osteoarthritis is a common
degenerative condition that affects millions globally every
year (Sodha et al. 2005; Wilder, Barrett, and Farina 2006).
The prevalence of tCMC arthritis climbs with age and has a
prevalence of over 90% in people over the age of 80 (Sodha
et al. 2005). Thumb CMC arthritis can be particularly debil-
itating and lead to significant pain and loss of hand func-
tion for those affected, especially as symptoms continue to
progress over time (Higgenbotham et al. 2017). With an ag-
ing population in the United States, the prevalence of tCMC
arthritis and the need for treatment will likely grow over the
next decade. Understanding the pathoanatomy and treat-
ment of tCMC arthritis is essential to provide effective care.

The tCMC joint is a saddle-shaped articulation between
the trapezium and the first metacarpal of the hand. This
small joint has a non-normalized mean average articular
space volume of 104.02 mm3 for females and 138.6 mm? for
males (Shih, Mainprize, and Binhammer 2018). The tCMC
joint assists with pinching strength and prehension of large
objects in the palm (Ladd, Weiss, Crisco, et al. 2013). The
anterior oblique ligament maintains primary stabilization
of the tCMC joint, but the tCMC joint is also stabilized
by the dorsal radial ligaments (Higgenbotham et al. 2017).
Thumb function is essential for normal upper extremity
function, with one study showing that thumb impairment
can lead to as much as a 50% upper extremity impairment
rating due to an inability to grasp and maneuver objects
(Ladd, Weiss, Crisco, et al. 2013).

Thumb CMC arthritis can be treated through conserva-
tive and surgical modalities. The most common non-oper-
ative management of thumb CMC arthritis includes activity

modification, orthotic usage, non-steroidal anti-inflamma-
tory medications (NSAIDs), therapy, and intra-articular in-
jections (O’Shaughnessy and Rizzo 2022; Billig et al. 2021).
Injections remain an effective form of conservative man-
agement and can be helpful for many patients (Katt et al.
2022; Fowler, Swindells, and Burke 2015). Surgical manage-
ment for tCMC arthritis often includes trapeziectomy with
or without ligamentous reconstruction and tendon interpo-
sition or arthrodesis (Challoumas et al. 2022).

Injections remain a standard and effective management
option for tCMC arthritis, with intra-articular injections
being much more effective than extra-articular injections
(Fowler, Swindells, and Burke 2015). The small size of the
tCMC joint makes injections technically challenging, and it
makes the success of the injection dependent on a host of
factors, including the volume of joint space and physician
expertise (Gershkovich, Boyadjian, and Conti Mica 2021).
Many physicians utilize traditional anatomic palpation
techniques for injections, while others have opted for intra-
articular image-guided injections (IGI) using either ultra-
sound or fluoroscopy (Saha, Smith, and Hasan 2023). Cur-
rently, there is no consensus regarding which injection
method most accurately and effectively guides the injection
to the correct intra-articular anatomic location. This study
aims to perform a systematic review to determine whether
intra-articular IGI or anatomic landmark injections (ALI)
are more accurate, more effective, and whether cost differ-
ences exist between the two. We hypothesize that there will
be an improvement in both the clinical efficacy and accu-
racy with the use of intra-articular IGI compared to ALI of
the tCMC joint.
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METHODS

STUDY DESIGN

This systematic review followed the Preferred Reporting
Items for Systematic Review and Meta-Analysis Protocols
(PRISMA-P) statement standards (Page, McKenzie, Bossuyt,
et al. 2021).

ELIGIBILITY CRITERIA

Studies were eligible for inclusion if they met the following
criteria: 1.) Evaluated a comparison of the accuracy or ef-
ficacy of anatomic landmark-based versus image-guided
CMC injections 2.) Were conducted in either human or ca-
daveric subjects, 3.) The manuscript was completed in Eng-
lish, 4.) Studies were completed on or after January 1, 2000.
Reviews, commentaries, letters to the editor, technique pa-
pers, and surveys were excluded.

SEARCH STRATEGY

PubMed/MEDLINE, Cochrane, and Embase databases were
systematically searched for publications from January 1,
2000 to June 18, 2024. Comprehensive search strategies
were developed using keywords, MeSH terms, and synony-
mous terms. The PubMed/Medline search was adapted to
the Cochrane and Embase databases. See supplementary
table 1 for a complete Pubmed Search.

One author (T.B.P.) performed the search. Three authors
(T.B.P., C.R.M., V.M.D.) excluded irrelevant articles and du-
plicates based on title and abstract. The remaining articles
underwent an independent full-text review by three au-
thors (T.B.P., C.R.M., V.M.D.) and were assessed for eligi-
bility based on established criteria. Any conflicts were re-
solved by discussion among the three authors.

DATA EXTRACTION

The study’s demographic information was collected, in-
cluding the lead author and country of origin, study design
and level of evidence, study type, number of patients, data-
base used, and study follow-up length. Study results and
comparisons for the following information were included:
study comparison, injection type, osteoarthritis classifica-
tion (if applicable), and study results.

STATISTICAL ANALYSIS

Statistical analysis was not performed due to a lack of level
1 evidence studies.

RESULTS

PRISMA FLOW DIAGRAM

A preliminary search of three databases provided 245 stud-
ies. One duplicate was removed. 244 abstracts and titles
were screened, and 221 were removed for lack of relevance.
23 reports were sought for retrieval. Five studies met the fi-

nal inclusion criteria and were included in this study. See
Figure 1.

STUDY DEMOGRAPHICS

Al-Nokatha et al (Al-Nokhatha et al. 2023). was a level II
evidence prospective cohort study out of Ireland with 33
patients. The follow-up length for this study was 12 weeks.
This study used the Australian Canadian Osteoarthritis
Hand Index (AUSCAN), the Visual Analog Score scale (VAS)
for pain, and the 10-point scale for pain, stiffness, and
hand function to compare ultrasound IGI versus ALI. Ger-
shkovich et al (Gershkovich, Boyadjian, and Conti Mica
2021). was a level III evidence retrospective cohort study
of 62,333 patients that evaluated intra-articular IGI (flu-
oroscopy or ultrasound) against ALI (Gershkovich, Boyad-
jilan, and Conti Mica 2021). This study used the Truven
Health Marketscan Research Databases between 2003 and
2014. Derian et al (Derian et al. 2018). was a cadaveric-
based level V evidence study of 36 cadaveric samples that
compared the accuracy of ultrasound versus ALI. This study
used injections with dye and subsequent dissection to eval-
uate dye levels within the tCMC joint. Pollard et al (Pollard
et al. 2007). was a cadaveric-based level V evidence study
of 30 cadaveric samples that compared the accuracy of flu-
oroscopy IGI versus ALL This study used radio-opaque dye
for their injections, and accuracy was evaluated by using
fluoroscopy to determine location of dye. To et al (To,
McClary, Sinclair, et al. 2017). was a cadaveric-based level
V evidence study of 40 cadaveric samples that compared
ultrasound accuracy versus ALI. This study used dye and
evaluated accuracy of the ultrasound or ALI with both fluo-
roscopy and anatomic dissection. See Table 1.

Both human participant studies had a higher percentage
of females than males and a similar mean age of partic-
ipants. Al-Nokotha et al. listed participants’ handedness,
while Gershkovich et al. did not. The percentage of smokers
was higher in Al-Nokotha et al (Al-Nokhatha et al. 2023).
(27% vs 3%). See Table 2.

STUDY RESULTS AND COMPARISONS

Al-Nokatha et al (Al-Nokhatha et al. 2023). compared ul-
trasound versus ALI for patients with Eaton-Littler stage
2 or later. They injected 20 mg of methylprednisolone ac-
etate and 0.5 mL of 1% lidocaine for all patients. 33 patients
with a mean age of 63 years old were included, however,
methodology did not specify how the groups were selected.
Both groups showed statistically significant improvement
over baseline at 6 and 12 weeks for Australian Canadian
Osteoarthritis Hand Index (AUSCAN) scores. There was no
statistically significant difference between the ultrasound
or ALI groups for baseline Visual Analog Scores. There was
no statistically significant difference between groups for
pain, stiffness, or hand function at baseline to 6 weeks or 6
to 12 weeks.

Gershkovich et al (Gershkovich, Boyadjian, and Conti
Mica 2021). utilized a large database to compare intra-ar-
ticular IGI (fluoroscopy or ultrasound) versus ALIL 62,333
total study patients who underwent a thumb CMC injection
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Figure 1. PRISMA Flowchart.

Table 1. Study Demographics

. Human
Author and iy Dz Subjects Nur.nber i Imaging
. . (Level of Patients or Follow-up Length
Origin . or .. Used
Evidence) . Participants
Cadaveric
Al-Nokatha et Prospective Human
al., 2023 P . 33 Patients 12 weeks Ultrasound
Cohort (Level I1) subjects
(Ireland)
Gershkovich et Retrospective 2003-2014, Time to surgery or Ultrasound
Cohort Human 62,333 L
al., 2019 . ’ subsequent injections between and
. (Database) subjects patients
(United States) these years Fluoroscopy
(Level I11)
Derianetal,, Cadaveric 36
2018 (United Comparison Cadaveric articipants Not applicable Ultrasound
States) (Level V) P P
Pollard et al., Cadaveric 30
2007 (United Comparison Cadaveric articipants Not applicable Fluoroscopy
States) (Level V) P P
Cadaveric
To ?t al, 2017 Comparison Cadaveric .4.0 Not applicable Ultrasound
(United States) (Level V) participants
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Table 2. Participant characteristics of human participant studies

Author and Origin Mean Age (years) Sex (%) Handedness (%) Smoker (%)
F:84.8 Right: 97
Al-Nokatha et al., 2023 (Ireland) 63 M: 15.2 Left: 3 27.3
. . F: 68 .
Gershkovich et al., 2019 (United States) 59.7 M: 32 Unspecified 3.8

with a mean age of 59.7 years old were included. When
comparing intra-articular IGI versus ALI, the average num-
ber of days between a patient’s first injection and the time
to a second injection was not statistically significant (237.3
days vs 266.7 days). 89.5% of participants in the ALI group
did not go onto surgery, 72.2% of participants in the ultra-
sound group did not go onto surgery, and 82.9% of partic-
ipants in the fluoroscopy group did not go onto surgery. A
statistically significant difference of days from injection to
surgery was found between the ultrasound and ALI, but this
difference was only 14 days on average. The cost of ALI was
203 dollars less than intra-articular ultrasound-guided in-
jections.

Derian et al (Derian et al. 2018). and To et al (To,
McClary, Sinclair, et al. 2017). showed no statistically sig-
nificant difference in intra-articular ultrasound accuracy
versus anatomic landmark cadaver injections to the tCMC
joint. Pollard et al (Pollard et al. 2007). showed that intra-
articular fluoroscopic guided injections had 100% needle
accuracy placement. However, there was no statistically sig-
nificant difference when compared with ALI. See Table 3.

DISCUSSION

Minimal clinical differences exist between intra-articular
IGI and ALI of the tCMC joint. Pain, stiffness, functional
scores, and timing for repeat injection did not differ be-
tween the two groups (Al-Nokhatha et al. 2023). There was
no statistical difference in the accuracy of fluoroscopy or
ultrasound-guided injections compared to traditional ALI
(Derian et al. 2018; Pollard et al. 2007; To, McClary, Sin-
clair, et al. 2017). While no statistical difference exists,
there does remain some concern that clinical accuracy may
be significantly reduced by not using image guidance with
wide differences in accuracy. The primary difference be-
tween IGI and ALI found in this review is cost. ALI cost less,
with an average of 203 dollars less per injection than image
guided ultrasound injections (Gershkovich, Boyadjian, and
Conti Mica 2021). ALI were, therefore, found to be equally
accurate, equally effective, and cost less when compared
with image-guided injections.

One possible reason for the lack of a significant clinical
difference in outcomes between IGI and ALI may be the su-
perficial nature of the tCMC joint and the ability to easily
palpate the joint in most patients. Nevertheless, due to the
small size of the tCMC joint, injections are commonly per-
formed with image-guidance. However, the present study
suggests that this may be unnecessary, as several studies
showed no difference between the accuracy of intra-ar-
ticular IGI and ALI. A study by Mandl et al., also argues

that tCMC injections can be accurately be performed in the
office setting, based upon their testing of hylan G-F 20.
This study recommends that imaging is not needed to per-
form these injections (Mandl et al. 2006). Additionally, IGI
are only as effective as the physician’s skill with imaging
(Saha, Smith, and Hasan 2023). Ultrasound, in particular,
requires a significant learning curve (Sites et al. 2004; Bar-
rington et al. 2012). Similarly, fluoroscopic injections may
also take considerable time to master (Dias, Alves Junior,
and Abdala 2017). However, early ultrasound studies such
as by Umphrey et al., maintain that ultrasound imaging can
produce high accuracy, and can be a successful alternative
to fluoroscopy (Umphrey et al. 2008).

One important consideration of these procedures is the
financial burden incurred. Gershkovich et al. showed that
ultrasound injections were on average $203 more expensive
than ALI (Gershkovich, Boyadjian, and Conti Mica 2021).
Higher costs have been shown to increase health disparities
in underserved populations, as these populations may be
unable to afford additional costs (Frazier, Lopez, Islam, et
al. 2023). Physicians should consider the cost increases as-
sociated with IGI and the potential consequences of those
increases to their patients. While the costs may seem min-
imal in the overall healthcare spending across the country,
it may be significant for individual patients.

The quantity of evidence regarding any potential bene-
fits of tCMC intra-articular IGI remains very limited, and to
our knowledge no level 1 studies exist comparing IGI to ALI.
As imaging technology improves prospective studies can be
done to determine if we can better optimize the accuracy
and efficacy of intra-articular IGI. More prospective studies
should also evaluate the costs of IGI.

LIMITATIONS

The most significant limitation of this study is the lack of
multiple high-level evidence studies evaluating this asso-
ciation. This limitation is created by the limited available
literature comparing these injections. Large prospective or
retrospective trials could be conducted to compare IGI ver-
sus ALIL The second limitation of this study is the potential
for missed literature. While our search was comprehensive
and searched three major literature databases, literature
in another language or a different database may exist. Fu-
ture studies are needed to help physicians determine the
most effective route of injection. A third limitation in this
study is the limited number of studies for statistical meta-
analysis to compare the current treatment methods. Future
studies can aim to complete meta-analysis as additional
literature becomes available, and create grouped compar-
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Study CMC ..
Author . N . Injection Resul
Ll Comparison (n) classification IESHRIRVRS Study Result
Statistically and Clinically significant change
(P<.05) in AUSCAN scores for both groups at
six weeks and a recurrence of symptoms at 12
) ffﬁca?f Olf weeks.
intra-articular . . e .
. 20 mg of There is no baseline statistical difference
Al-Nokatha Ultrasound Eaton-Littler 0 g0 -
methylprednisolone (P>.05) between the two groups Visual Analog
etal., 2023 (20) versus Stage 2 or
(Ireland) Anatomic later acetate and 0.5 mL Score Scale
Landmark of 1% lidocaine No statistical difference (P>.05) between
Injection (13) groups at six weeks. or 12 weeks for pain, stiff-
ness, or hand function.
Percentage of successful intra-articular injec-
tions by method was not specified by authors.
Efficacy of
Image Guided
intra-articular
(Fluoroscopy 8107 went on to operative treatment, with an
Gershkovich (2533) or Diagnosis of average number of 317.7 days to surgery for
etal, 2019 Ultrasound Hand OA, Unspecified the non-image-guided group and 333.7 days

(United (8,099)) classification P for the image-guided group.

States) versus unspecified Percentage of successful intra-articular injec-
anatomic tions by method was not specified by authors.
landmark
injection
(51,701)

No statistically significant (P>.05) difference in
5 Accura(_:y c|>f ultrasound accuracy versus anatomic land-
Derian et al., intra-articular mark injections.
Ultrasound .
2018 Not Injection accuracy was evaluated on a four-
; versus X 1 cc blue latex . . .
(United Anatomic applicable point quartile rating scale of 1-4, correspond-
States) Landmark ing to the amount of the latex solution within
. o X .
Injection thejfm.nt. A m~ean of 50/0. s?IuF|on (rating scale
2.1) injected into tCMC joint in both groups
Accuracy of 100% needle placement accuracy under fluo-
i -arti L. rosco
Pollard et intra art|cu|§r Diatrizoate opy
Fluoroscopic . 81.8% needle placement accuracy under
al., 2007 Not meglumine and . A

(United Versus applicable diatrizoate sodium anatomic landmark technique

States) Anatomic dve No statistically significant difference (P>.05) in
Landmark Y needle placement accuracy under fluoroscopic
Injection guidance.

N Accuragy of No statistically significant difference between
intra-articular .
Toetal., Ult d 0.5 mL blue d d accuracy of ultrasound versus anatomic-based
2017 ':fsousn Not : 6“5 mtfa dYg an CMC injections (75% vs 50%, P>.05)

(United Versus applicable i I No statistically significant (P>.05) difference
Anatomic opaque contrast X R

States) between ultrasound versus anatomic-based in-
Landmark ctions for CMC arthrosi
Injection jections for arthrosis.

isons. A fourth limitation is the lack of evaluation of com- CONCLUSIONS

plications by the current studies when using the treatment
methods. This could provide significant insight into the
outcomes of treatment as well. A fifth limitations is that
studies do not have standardized methods for evaluating
accuracy of needle placement, and several different meth-
ods are used. Standardized approaches across studies would
improve the comparisons across studies. A final limitation
in this study is that the retrospective studies limit the eval-
uation of provider or physician injector experience, as this
could play a significant role in overall accuracy. Future
studies should clearly provide this information.

While the current literature on this topic is limited, the
current literature appears to show no significant difference
between the accuracy or efficacy of intra-articular IGI and
ALI ALI injections appear to be a more cost-effective op-
tion without sacrificing outcome. These results also high-
light that intra-articular placement may not be necessary
for injection benefit, and future research and larger studies
can be beneficial to improve comparisons and outcomes.
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APPENDIX

Supplementary Table 1. Pubmed/MEDLINE search

Pubmed/MEDLINE Search

(("Carpometacarpal Injection"[MeSH Terms] OR "CMC Injected"[Title/Abstract] OR "inject CMC"[Title/Abstract] OR "CMC
shot"[Title/Abstract] OR "CMC shots"[Title/Abstract] OR "CMC injections"[Title/Abstract] OR "intrarticular CMC injection"[Title/
Abstract] OR "CMC joint injection"[Title/Abstract] OR "CMC"[Title/Abstract] OR "carpometocarpal"[Title/Abstract] OR "Basal Joint
Injection" [Title/Abstract] OR "Basal Joint"[Title/Abstract] OR "Basilar Joint"[Title/Abstract])) OR "Basal Joint injected"[Title/
Abstract] OR "Basilar Joint"[Title/Abstract] OR "Basilar Joint Shot"[Title/Abstract] OR "Basal Joint Shot"[Title/Abstract] OR
"Carpometacarpal Injection"[Title/Abstract] OR "Carpometocarpal Injections"[Title/Abstract] OR "Carpometacarpal joint"[Title/
Abstract]) AND ("Image guided"[MeSH Terms] OR Image[Title/Abstract] OR fluoroscopy[Title/Abstract] OR ultrasound[Title/
Abstract] OR image guiding|[Title/Abstract])) NOT (editorial[Publication Type] OR letter to the editor[Publication Type] OR
Review[Publication Type] OR Commentary[Publication Type]) AND (2000:2025[pdat]))
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