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ABSTRACT

Objective: To assess and compare the clinical and functional outcomes of corticosteroid injections in patients with
carpal tunnel syndrome, focusing on two different approaches: ultrasound-guided and landmark-guided.

Methods: A systematic search was conducted in PubMed, Scopus and Embase databases for relevant studies published
prior to 30™ April 2023. Studies that were either randomized controlled trials or had a cohort design were included.
The review assessed symptom severity, functional status, electrodiagnostic parameters, complications, need for
surgical intervention, visual analogue score, and grip strength. Pooled effect sizes were reported as relative risk (RR)
or weighted mean difference (WMD).

Results: A total of 8 articles were included. Compared to those that received steroid injection using landmark
approach, those with ultrasound guided approach had lower symptom severity scale (SSS) score on Boston Carpal
Tunnel Questionnaire (BCTQ) [WMD -0.50, 95% Cl: -0.94, -0.07; 1’=78.0%, N=7], lower risk of “any complications” [RR
0.58, 95% Cl: 0.36, 0.93; I>= 22.9%, N=3] and lower risk of need for surgical intervention [RR 0.55, 95% Cl: 0.34, 0.89;
1= 3.0%, N=2]. All other parameters were similar in the two groups i.e., functional status scale (FSS) score, visual
analogue score (VAS) and grip strength. The electrophysiological findings were similar in the two groups.

Conclusion: Findings suggest that ultrasound guided approach may be better than landmark guided approach especially
in terms of alleviation of symptoms, reducing the risk of complications and need for surgical intervention. However,
larger trials with long term follow up may provide conclusive evidence.

KEYWORDS: Carpal tunnel syndrome, Median nerve, Steroid injection, Ultrasound guided approach, Landmark guided
approach, Meta-analysis.
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There is a lack of consensus regarding whether
ultrasound-based or landmark-based approaches are
superior for carpal tunnel syndrome interventions. A
previous meta-analysis, consisting of three randomized
controlled trials, showed that ultrasound-guided
steroid injections improved symptom severity more
than landmark-guided injections, but had no significant
impact on functional severity.’ Similar studies in patients
with shoulder pain also showed that ultrasound-guided
interventions reduced pain but did not affect function.'
As more information has been made available since that
initial meta-analysis, there is a current need to re-evaluate
the available evidence. With the increasing recognition
of the possible role that trained and motivated nursing
personnel can perform in the management of carpal
tunnel syndrome, it becomes extremely crucial that these
specialized cadre of clinical team remain updated with
the recent evidence."

METHODS

Search strategy and selection of studies: We
systematically searched PubMed, Scopus and Embase
databases for English language papers published prior
to 30" April 2023.The search strategy was: (ultrasound
guided OR USG guided OR landmark guided OR
blind) AND (steroid injection OR triamcinolone OR
betamethasone OR methylprednisolone) AND (carpal
tunnel syndrome). This search sought to identify studies
on carpal tunnel syndrome patients comparing outcomes
when ultrasound-guided and landmark-guided/blinded
steroid injection was employed. Primary outcomes of
interest were functional status, symptom severity, and
electrophysiological parameters. Secondary outcomes
included were visual analog scale system scores, grip
strength, complication rates, and need for surgical
intervention. PRISMA guidelines'? were followed during
the conduct of this meta-analysis. The protocol was
registered at PROSPERO (https:/ /www.crd.york.ac.uk/
prospero/, No. CRD42023434696).

Fig.1: Study screening process.
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Two subject experts reviewed the studies identified

through the search strategy. The initial screening phase
consisted of reviewing the titles and abstracts, with
eligible studies advancing to full-text review. Any
disagreements between the reviewers were resolved
through discussion. To be included, studies must
have been either a clinical trial or had a cohort design
(either prospective or retrospective). Studies must have
investigated patients with carpal tunnel syndrome, with
the intervention used must have been steroid injection.
Finally, studies must have compared outcomes of interest
when steroid injection was ultrasound-guided versus
landmark-guided/blinded.
Data Extraction, quality assessment and statistical
analysis: A standardized sheet was used to extract data
relevant to this study. Study methodologies were assessed
using the Cochrane assessment tool for randomized
controlled trials or the Newcastle-Ottawa Quality
Assessment Scale (NOS) for observational studies.!>!
Meta-analysis was carried out using STATA version 16.0.
For categorical outcomes, the effect sizes were presented
as pooled relative risk (RR). Continuous outcomes, on the
other hand, were reported as weighted mean differences
(WMD). All the effect sizes were reported along with
95% confidence intervals. Random effects model was
employed in case of significant heterogeneity, indicated
by an I? value of more than 40%.% To determine statistical
significance, a threshold of p-values <0.05 was employed.
Publication bias was assessed using Egger’s test.

RESULTS

Database searching returned 131 studies of interest
(Fig.1). Title review eliminated 83 studies, while
abstract review eliminated a further 32. This left 16

Fig.2: Functional status, symptom severity, visual
analogue score, and grip strength for carpal tunnel
syndrome patients receiving ultrasound guided
and landmark guided steroid injection.

www.pjms.org.pk 774



Anqing Jiang et al.

pasoafur sem (wr ¢§'9) ayeuordoxdip suose

yoeoxdde  -ygewrejaq /(8w ¢97) ayeydsoyd winipos suoseyjewreiaq jo T T LI TEOIULI DOZIUIO ( ) e 10
popmnS yrewpue[ Yim 91 pue puey 131 sem puey Kospan, I : a:_mn .d % pmw deor « %Womm%%u
yoroadde Aydei8ouos yym g JUBUTWOP 9} AJISOUW pue SI[EUID] 9I9M WD} JO }SOUW pue s1eak P H d  ZOwyeeiey

19 punoie jo age ueaw DWOoIpUAs [Puuny [edred yim sjuaneJ
QuTedopI %1

yoeoxdde JO TW pue SUOJOUIdWELL} .AE /3 0F JO [UI T PIATSIDI SJUBLE] eor0Y] o1 paon (5100)
popms yrewpue[ yum G pue syjuowr ¢ punore sem swoydurfs jo no oD PAZIIODUE 0153 ( ou
yoeoxdde AyderSouos yyim g1 uorjeanp uesw ‘efeway axem Ajrrofewr ‘sif (g jo age uesw ‘owoIp oS pozItiopuey 1e32 A[ 227

-u4s ppuuny redred sryyedorpt syeIspow 03 PIIU UM SJUSLIe ]
yoroirdde suonda(ur suojou Aoms sse ( )
papmsS srewrpue] Yim gy pue -IDWIBLI} PIATSRI sjuane ] (9, 0/ punoe) sareway Ajroley ‘sih vsn P 9 0\LT0C
) -eyep aandadsonay e 19 G s1aAg
yoeoxdde AyderSouos yym /g 0S punoze jo age Ueaw ‘BWOoIpULs [auun) fedred yym syusne
(%¢) auresopry jo Tu

yoeoxdde ue 3w () SUOTOUIdWELI} JO TWI T JO SINIXIUL B PIAISIDI SJUSTE ©BLI} Pa[[OX (6107) 2 3
pPapINS SjrewpUR] (1M €7 pue I v 0¥ suojourdwrer Jo Tur T ¥ 3 3 PoAl 1 .w d ey [eLn pa[jon a6107) T8 ¥
yoeodde AydeiBouos m o7 sourUIWOp puey papIs 3] peY Ajurofelq ‘sateway Ajrolely ‘s14 -U0d pazruopuey NS TureSakey

: $S punoire jo ade ueaw SWOIPULS [ouun} [edIed Yiim sjusaneJ
tprosdde PuotospR o 0 v@wwﬂuhwwqmw anm [ern pafjon (¢102)
. . 8T
PpING SIewpue| im €g pue usamiaq Surduer swoydwds Jo uonenp ‘soreway AjLioley ‘sih Apmy, -U0d pazruopuey] [e 319 N unisn
yoeoxdde AyderSouos yym ¢g
: G punoie jo ade ueaw ‘QWOIpuULs [uun) fedred YIm sjusneJ
(qur /3w o)
9PIU0}aDE dUOJOUIdWELL JO T | pue (Tur /3w 1)
yoeoxdde auredopI|
©RI0Y [er pajjon (6102)
popms yrewpue[ yim G pue JO TWI T PAUTEIUOD ey} UOLORfUI Tui-g S[SUIS PIATSIDI SJUSLE ] no oD PAZIIODUE 015 5
oeoxdde AydeiSouos yym 1 “POAJOAUL Sem puey jueurwiop syusned 9,0 UI ‘SYFUOW G Sem :
yoeordde fydeiBouos ym g “paay puey p d 907 ut fspuow g oS PositioptEd - [29 HA O
swoydwAs jJo uonyernp uerpaw /(v g/) sareway Ajrofejx ‘si£
$S punoure jo ade ueaw SWOIPULS [ouun} [edIed Yiim sjusaneJ

yovodde auojostupaidiAew Jo 3w (f PIAIedAI SjuSLE ]
popms yrewpue[ Yim g pue Sm[PW uery [Pk poIlon 21(£107)
summp dde £y de13ouos Pim g S93aqeIp JO AI0ISIY B PeY [}J-2U0 punore ‘Safeway 9, )g< ‘Sik -U0D pazIwopuey [ 33 J Uere[sg

: 0S punoze jo age ueaw ‘DuwoIpuLs [puuni fedred yym syuaneg
‘3w g ayeydsoyd winiposip suosejowr

yoeoidde -e39q pue 3w g areuordoxdip suosejawe}aq paAIedDL SJUSLE] ren ( )
papms rewpue[ YIm /] pue ;W /33 GZ punoae Jo xapur ssewt uemre], P3[[0IU0D PIZIWO 010 <L WWON
yoeoadde Ayder8ouos yym gg Apoq uesw ‘syjuowr g9 punoie jo uorpernp wojdwds pue sreak -puez pur|q s[qno(] 1839 0d HoUD

0S punoue jo ade ueaw PWOIPULs [ouun) fedred YIm sjusneJ
(uoyworiqnd
az1s ajduiwg 015140300400 Jupd1dyivd Aagunod udisap Apnis Jo vh) soygmy

BIRp PajdRIIXa pUE SOnSLIsjORIeYD ApNIg [-a[qe],

775

www.pjms.org.pk

March - April 2024 Vol. 40 No. 4

Pak J Med Sci



Anqing Jiang et al.

Fig.3: Risk of “any complication(s)” and “need for
surgical intervention” for carpal tunnel syndrome
patients receiving ultrasound guided and
landmark guided steroid injection.

studies for full-text review, after which eight articles
met inclusion criteria and were included in the meta-
analysis (Table-I).!"** Two studies each was conducted
in Turkey, Iran, and South Korea, with the USA and
Taiwan hosting one study each. All studies except
one (a retrospective examination)* were randomized
controlled trials. Four studies used triamcinolone
as the injected steroid while two studies each used
betamethasone and methylprednisolone (Table-I).
All studies but one (12 months) assessed outcomes
within six months of intervention. All the studies
reported random sequence generation and allocation
concealment. All studies, except for one,? reported
blinding of the outcome assessment team. The lone
observational study was of satisfactory quality,
obtaining a score of seven out of the maximum
attainable score of nine on NOS.

Physical findings: Carpal tunnel syndrome patients
receiving ultrasound-guided steroid injections showed
decreased symptom severity scale (SSS) scores, as
measured using the Boston Carpal Tunnel Questionnaire
(BCTQ) [WMD -0.50, 95% CI: -0.94, -0.07; 1>=78.0%, N=7]
compared to patients receiving landmark-guided steroid
injection (Fig.2). No significant differences were noted in
functional status scale (FSS) score [WMD -0.20, 95% CIL:
-0.44, 0.04; I>=10.4%, N=7], visual analogue score (VAS)
[WMD -0.64, 95% CI: -1.70, 0.42; 1>=0.0%, N=2], or grip
strength [WMD -0.75, 95% CI: -3.17, 1.67; 1>=0.0%, N=3]
(Fig.2). Egger’s test did not indicate publication bias
(P=0.17 for SSS score, P=0.23 for FSS score, P=0.51 for
VAS, and P=0.19 for grip strength). However, patients
receiving ultrasound-guided injections had lower risk
for “any complications” [RR 0.58, 95% CI: 0.36, 0.93; I*=
22.9%, N=3] and showed a decreased need for surgical
intervention [RR 0.55, 95% CI: 0.34, 0.89; I?= 3.0%, N=2]
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Fig.4: Electrophysiological findings for carpal tunnel
syndrome patients receiving ultrasound guided and
landmark guided steroid injection.

(Fig.3). Egger’s test did not indicate publication bias
(P=0.87 for risk of complications and P=0.42 for risk of
surgical intervention).

Numbness, swelling, pain and weakness were the
commonly reported complications in the first week
of injection, in the study by Chen et al.’®* Numbness in
the wrist was reported by one subject (N=1/22) in the
ultrasound guided group and four subjects (N=4/17)
in the landmark-guided group. Four subjects in the
USG guided group (N=4/22) and six subjects in the
landmark guided group (N=6/17) reported swelling
in the wrist. In both the groups, 10 subjects reported
pain after injection. While no subject in the USG
guided group reported weakness of the wrist, three
in the landmark guided group (N=3/17) reported on
weakness while flexion and extension of wrist. All
the reported symptoms were temporary in nature.
Roh et al. reported symptoms related to median
nerve irritation (N=1/51 in USG group and N=7/51
in landmark guided group), skin discolouration/
subcutaneous fat atrophy (N=1/51 in USG group and
N=3/51 in landmark guided group) and symptoms of
steroid flare (N=2/51 in USG group and N=3/51 in
landmark guided group).’® Ustun et al. did not report
any major complication in the form of nerve or blood
vessel injury. Pain during procedure was reported by
eight subjects (N=8/23) in the landmark guided group
and four subjects (N=4/23) in the USG guided group.”
No serious complications were noted in any of the two
groups.

Electrophysiological findings: No statistically significant
differences were found between patients receiving
ultrasound-guided and landmark-guided injections in
terms of distal motor latency (DML) [WMD 0.09, 95%
CL: -0.15, 0.34; 1>=45.2%, N=5], compound motor action
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potential (CMAP) [WMD 0.17, 95% CI: -1.00, 1.35;
I>=77.6%, N=5], sensory distal latency (SDL) [WMD 0.11,
95% CI: -0.08, 0.31; I>=2.5%, N=4], and sensory nerve
action potential amplitude (SNAP) [WMD -1.68, 95%
CIL: -5.83, 2.46; I*=66.8%, N=5] (Fig.4). However, patients
receiving ultrasound-guided steroid injections showed
decreased sensory nerve conduction velocities (SNCV)
[WMD -2.40, 95% CI: -3.95, -0.85; I’=22.7%, N=4] (Fig.4).
Egger’s test did not indicate publication bias (P=0.36
for DML, P=0.12 for CMAP, P=0.37 for SDL, P=0.54 for
SNAP, and P=0.87 for SNCV).

DISCUSSION

Recentyearshaveseenthewideradoptionofultrasound-
based techniques for treating musculoskeletal disorders.
The non-invasive nature of ultrasound, combined with
its low cost, makes it simple to use for orthopaedic
diagnostic evaluation.**® For carpal tunnel syndrome
intervention, ultrasound aids injection needle navigation,
thereby limiting damage to critical surrounding
structures.”” However, the efficacy of ultrasound-
guided injections versus traditional landmark-based
approaches has not been conclusively established. Our
current study showed that patients receiving ultrasound-
guided injections presented lower symptom severity
and decreased complications risk and need for surgical
intervention. These findings are in alignment with other
meta-analyses that showed improved symptom severity
but no functional severity changes for patients receiving
ultrasound-guided injections.”?

The 2018 review by Ghazani et al. serves as a
foundation, incorporating three randomized controlled
trials, but the evolving landscape of research prompts the
necessity for an updated meta-analysis.” Recognizing the
importance of aligning contemporary clinical practices
with the most recent evidence, our meta-analysis
expands upon the prior review. Not only do we delve
into outcomes previously explored, such as pain scores
and grip strength, but we also introduce new dimensions
to the analysis. This includes an examination of outcomes
like the “risk of complications” and the “need for surgical
intervention,” thereby augmenting the comprehensive
nature of our study. Our focus extends to providing a
detailed exploration of observed complications, adding
valuable insights to the existing body of knowledge on the
subject. This updated meta-analysis seeks to contribute
significantly to informing current clinical practices with a
nuanced understanding of the latest evidence.

In particular, our study findings have significant
clinical implications and indicate that ultrasound-
guided interventions may lead to improved symptom
alleviation, potentially reducing the risk of complications
associated with injections and minimizing the need for
surgical intervention. The shift towards ultrasound
guidance indicates a move towards personalized
treatment plans, allowing practitioners to tailor
interventions based on individual anatomy and severity
of symptoms. This approach could enhance the efficiency
of healthcare resources, potentially leading to cost
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savings and optimized resource allocation. The findings
also underscore the importance of training healthcare
professionals in ultrasound-guided techniques to
ensure effective utilization of this technology in clinical
practice. Overall, the adoption of ultrasound guidance
in managing carpal tunnel syndrome holds promise for
advancing patient care, safety, and resource efficiency in
the clinical setting.

Fromthe perspective of anursing personnel, thefindings
are relevant, given the growing recognition that nursing
team may be competent enough to perform standard
management techniques for carpal tunnel syndrome.
Research findings have indicated that the quality of
patient management provided by nursing practitioners
in cases of carpal tunnel syndrome is comparable to that
of surgeons."?% It is worth re-iterating that performing
ultrasound-guided injections requires extensive training
as ultrasound is an operator-dependent instrument. The
efficacy of intervention is closely linked to the experience
and proficiency of the operator. The operator’s ability
to interpret ultrasound images, identify anatomical
structures, and guide the needle accurately to the target
area is critical for the success of the procedure. For this
reason, healthcare professionals, planning to undertake
this guided procedure need to undergo specialized
training programs to learn the principles of ultrasound
imaging and the precise manipulation of the ultrasound
probe.

There were differences in the injection site and/or
approach method used in the included studies and that
should be considered while making interpretations based
on the current findings. For instance, in the study by Chen
et al and Ustun et al., an out-plane approach was used
for the USG guided technique with the transducer placed
perpendicular to the median nerve.'*!? On the other hand,
the study by Lee et al. and Karaahmet et al. used an in-
plane approach and the needle was started from the ulnar
aspect of the transducer while keeping the median nerve
in view.%2? There were also differences in the experience
of the surgeons performing the techniques in the included
studies. These might account for the heterogeneity noted
for some of the outcomes. This meta-analysis provides
updated evidence by pooling the most recent studies on
the subject. Low heterogeneity was noted for most of the
outcomes of interest, indicating that the included studies
adopted similar methodologies.

Limitations: The eligible studies were few in number
with relatively small sample sizes. Performing a
subgroup analysis based on the type of corticosteroid
utilized would have been beneficial in assessing and
comparing complications associated with its use.
However, there were three studies that reported
complication and all three studies had different type
of corticosteroids used. Chen et al used betamethasone
dipropionate and betamethasone disodium phosphate;
Roh et al. used triamcinolone acetonide and Ustun et al
used methylprednisolone.’®®¥ Therefore, conducting
a subgroup analysis for complications based on type of
corticosteroid had limited benefit.
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CONCLUSION

Our meta-analysis and review suggest that
ultrasound-guided steroid injection may be superior
to conventional landmark-guided approaches in
patients with carpal tunnel syndrome. The benefits of
using the ultrasound-guided approach include better
alleviation of symptoms, lower risk of complications,
and lower risk of surgical intervention. This review
also highlights the need for more studies with larger
sample sizes for this issue.

Another issue, though not directly related to the
findings of this study is the widespread adoption of
touch screen devices, along with the ever-growing
utilization of computers in various aspects of daily life,
that could lead to an increase in the incidence of wrist
joint ailments, notably including carpal tunnel syndrome,
among the younger population.®” This shift in
technology usage patterns has brought about a pressing
need for comprehensive research endeavours aimed at
understanding and addressing these emerging health
concerns. Future studies in this domain must concentrate
on elucidating the optimal methods of intervention and
therapeutic delivery specifically tailored to the needs of
this younger population.
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