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Abstract. Background and aim. There is no consensus regarding the most appropriate treatment of scaphoid
nonunion. This systematic review aimed to investigate whether wrist arthroscopy exerts a positive influence
on bone union and clinical outcomes. Methods: We searched the literature on Medline (PubMed), Web of
Science, Embase and Scopus databases using the combined keywords “scaphoid” AND “arthroscopy” AND
“pseudoarthrosis” OR “nonunion”. Eighteen studies were finally included in our review. The quality of the
studies was assessed using the Coleman Methodological Score. Results: Our systematic review has shown
that arthroscopic management of scaphoid nonunion achieves a high rate of union and satisfactory clinical
outcomes with minimal complications. Conclusions: There is need to perform randomized controlled trials
reporting on the use of arthroscopy. In addition, the different pattern of pseudoarthrosis should be better

classified to manage the patients who will benefit after the management. (www.actabiomedica.it)
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Introduction

Treatment of scaphoid nonunion is challenging,
and its failure rate varies between 25% and 45% (1).
This high incidence depends on the intrinsic instability
of the scaphoid fracture and the poor vascularization of
the scaphoid (2). Many surgical treatments have been
proposed, varying in terms of the approach, source,
and vascularity of the bone graft, in addition to the
choice of the fixation device. Despite the availability of
relevant literature, there is no consensus regarding the
most appropriate treatment of scaphoid nonunion (3).

Vascularization of the scaphoid is fundamental to
healing. Hence, we attempted to minimize surgical ex-
posure to avoid affecting vascularization. Ideally, bone
union should be achieved with the least invasiveness.
It is also important to differentiate the heterogeneous
nature of nonunion to choose the best treatment option.
Arthroscopic management of scaphoid nonunion has

the theoretical advantage of not interfering with blood
supply and preserving carpal ligament proprioception.
It was first described by Ho in 1998 (4). Since then,
several authors have published radiological and clinical
outcomes after arthroscopic treatment; however, to the
best of our knowledge, no systematic review has been
published.

This systematic review aimed to investigate
whether wrist arthroscopy exerts a positive influence
on bone union and clinical outcomes. We additionally
assessed the methodological quality of the studies pub-
lished on this topic.

Material and methods

A systematic review of the literature was per-
formed according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
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(PRISMA) (5). The combination of keywords
“scaphoid” AND “arthroscopy” AND “pseudoar-
throsis” OR “nonunion” was used for the search,
with no limits for the year of publication. Medline
(PubMed), Web of Science, Embase, and Scopus
were accessed on the 25" of January 2022, and ar-
ticles published in English, Spanish, Italian, and
French were identified. Biomechanical studies, stud-
ies on animals or cadavers, technical notes, letters
to the editor, reviews, case reports, and instructional
courses were also excluded. Two authors indepen-
dently assessed the abstract of each publication. If
any study could not be included or excluded based
on the abstract, a full-text version of the article was
downloaded. If an abstract was not available, the ar-
ticle was excluded from the study. In addition, the
reference list of each selected article was manually
searched to identify any additional studies missed
during the electronic search.

Records identified through
database searching (n=241)

Web of Science = 57
Embase =112
PubMed =72
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Two investigators assessed each study according
to the Coleman Methodological Score (CMS), with
scores ranging from 0 to 100 (6). Both investigators
performed the CMS assessment twice, with an interval
of 10 days, and discussed the scores until consensus
was reached when more than a two-point difference
was present. Data on demographic features, surgical
procedures, diagnostic methods, follow-up periods,
type and rate of complications, time of union, and out-
come measures were recorded.

Results

In total, 242 studies were identified after the first
search. Thereafter, 31 studies were selected based on
the abstract, 13 were excluded after the full text had
been read, and 18 publications relevant to the topic
were included (Figure 1). All the included studies were
published between 2003 and 2022.
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Figure 1. PRISMA flow diagram.
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Demographics

Of the 545 total patients, 89% (389) were male
and 11% (48) female, and one study (7) did not re-
port sex. The mean age of the patients at the time of
treatment was 27.4 years (range, 13-87 years), and one
study did not report data on age (7). The mean follow-
up time was 25.2 months (range, 3.0-120.0 months),
and three studies did not report follow-up data (7-9).

Quality assessment

All the Coleman scores are presented in Table 1.
A score of >85 was considered excellent, 70—-84 was
good, 5069 was moderate, and <50 was poor. The
mean CMS was 71.6 (range 53-85).

All the studies were retrospective, except one (10).

Inclusion and exclusion criteria
Avascular necrosis of the scaphoid (AVN) was
an exclusion criterion in seven studies (11-17), while

humpback deformity (HD) was an absolute exclusion

Table 1. General features of the studies.

criterion in two studies and relative (not corrigible or
intrascaphoid angle of <45°) in three studies (13, 15,
18). A scaphoid nonunion advanced collapse (SNAC)
wrist grade of >II was the exclusion criterion in ten
studies (7, 10, 11, 14, 16-21). Other exclusion criteria
included grades I-III PSA according to the Slade and
Dodds (2006) classification (17).

Pseudoarthrosis classification

Slade and Dodds (2006) (22) classification was
used in six studies (13, 17, 18, 20, 23, 24). Wang et al.
(21) and Cognet et al. (10) used the Schemberg clas-
sification (25).

Surgical procedure

The fixation methods and sources of the grafts are
summarized in Tables 2 and 3. Two papers were ex-
cluded from Table 2 because it was not possible to dif-
ferentiate screw and K-wires (13, 18), and three papers
were excluded from graft sources (19-21) because the
authors used both sources of graft.

Article Year | n | Type of study Coleman Methodological Score (CMS)
Slade JF 3" et al. 2003 | 15 | Retrospective case series 65
Slade JF 3" et al. 2008 | 108 | Retrospective case series 65
Chu et al. 2011 | 15 | Retrospective case series 71
Kim et al. 2015 | 36 | Retrospective case series 80
Kang et al. 2016 | 33 | Retrospective case series 82
Kang et al. 2016 | 46 | Retrospective case series 85
Cognet et al. 2017 | 23 | Prospective study 65
Delgado-Serrano et al. 2017 | 13 | Retrospective case series 70
Oh et al. 2018 | 28 | Retrospective comparative study 83
Lee atal 2018 | 27 | Retrospective case series 63
Liu et al 2019 | 25 | Retrospective case series 65
Gvozdenovic et al. 2019 8 | Retrospective comparative study 53
Cifras et al. 2019 | 11 | Retrospective case series 68
Hsiung et al. 2021 | 42 | Retrospective case series 85
Wang et al. 2021 | 21 | Retrospective case series 81
Waitayawinyu et al. 2021 | 22 | Retrospective case series 74
Lamon et al. 2021 | 42 | Retrospective case series 81
Ecker et al. 2022 | 30 | Retrospective case series 54
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Table 2. Surgical data and primary outcomes.

Union time weeks

Article Year | n | Fixation method | Source of graft Union rate (range)
Slade JF 3" et al. 2003 | 15 | Screw No graft 15 (100%) 14 (6-34)
Slade JF 3" et al. 2008 | 108 | Screw 82 distal radius 96% 22
Chu et al. 2011 | 15 | Screw Bone graft substitute 14 (93.5%) 15,4 (10-24)
Kim et al. 2015 | 36 | Screw 16 (44%) iliac crest 31 (86%) 11 (8-18)
Kang et al. 2016 | 33 | Screw or K-wires Iliac crest 32 (97%) 8 to 10
Kang et al. 2016 | 46 | Screw or K-wires Iliac crest 43 (93%) 8to 10
Cognet et al. 2017 | 23 | Screw or K-wires Distal radius 23 (100%) 16 (12-48)
Delgado-Serrano etal. | 2017 | 13 | Screw Iliac crest or distal radius 13 (100%) 7 (4-10)
Oh et al. 2018 | 28 | Screw Iliac crest 27 (96.4%) NR
Lee at al 2018 | 27 | K-wires Distal radius 26 (96%) 10 (7-14)
Liu et al 2019 | 25 | Screw or K-wires Iliac crest or distal radius | 25 (100%) 12 (6-26)
Gvozdenovic et al. 2019 8 | Screw Distal radius 7 (87.5%) 10,5 (7-24)
Cifras et al. 2019 | 11 | Screw Distal radius 11 (100%) 9,1
Hsiung et al. 2021 | 42 | Screw Distal radius 38 (92.6%) NR
Wang et al. 2021 | 21 | S-L screw 8 iliac crest/13 distal 19 (90.4%) 16,3 (10-28)

radius
Waitayawinyu et al. 2021 | 22 | Screw Olecranon 22 (100%) 15,3
Lamon et al. 2021 | 42 | K-wires Distal radius 37 (88%) 12 (8-32)
Ecker et al. 2022 | 30 | K-wires Tliac crest 29 (96.6%) 12

Table 3. Patients clustered in fixation method and graft source.

Number
of patients | Union rate %

Method Screw 350 326/350 (93%)
of fixation | g _ire 116 | 109/116 (94%)
Source of the | Distal radius 183 142/183 (78%)
graft Tliac crest 153 | 146/153 (95%)

Olecranon 22 22 (100%)

None 52 36/52 (69%)
Slade and I -
D
cljs(ifgcation 1 >

111 22

v 110

\Y% 42

VI 16

Complications

Two studies reported minor complications
(18, 26): four patients experienced neuroapraxia of the
radial sensory nerve, and three patients experienced
superficial wound infection.

Union time and union rate

Radiography was used as the only radiological ex-
amination to assess bone union in one study (23). Five
studies used a CT integration in dubious cases (11, 15,
19, 21, 16), and CT scans were used in twelve studies
(7-10, 12-14, 16-18, 20, 24). The union times and un-

ion rates are summarized in Table 2.

Clinical outcomes

Clinical outcomes, both objective and subjective,
are presented in Table 4.
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Radiological outcomes

The postoperative scapholunate angle (SLA)
was calculated in eight studies (11, 12, 14, 16, 19, 21,
24, 26), and the intrascaphoid angle was calculated in
five studies (11, 12, 14, 16, 24).

Discussion

Our systematic review showed that arthroscopic
bone grafting and internal fixation are reliable and safe
techniques for the treatment of scaphoid pseudoar-
throsis. The average quality of the studies included in
the present investigation was good, with an average
CMS of 71.1 points (Table 1). The longest follow-
up was 38 months (14), with an average follow-up of
22.2 months, a period long enough to assess functional
outcomes, but not to assess the occurrence of post-
traumatic degenerative changes and their impact on
function.

Nonunion classifications are not widely used. The
Slade and Dodds classification (22) is the most fre-
quently adopted but was still used only in 31% of the
studies (6/19); in their study, the authors proposed a
treatment algorithm based on X-rays, magnetic reso-
nance imaging (MRI), computed tomography (CT)
scans, and arthroscopic findings that correlate with the
healing potential of the nonunion. In our review,
the Slade and Dodds classification (22) influenced the
treatment in only one study (17), which excluded
grades I-III. To apply the most appropriate surgi-
cal treatment, it is crucial to identify different forms
of pseudarthrosis. Healing is influenced by the frac-
ture site (e.g., proximal pole) and bone stock (27). The
impact of carpal deformity is debated; several studies
have shown worse clinical outcomes in patients with
DISI deformity (28, 29), whereas others have shown
good clinical outcomes (30, 31). However, the DISI
deformity can be corrected arthroscopically using the
Linscheid maneuver (21). Three studies (12, 14, 16)
showed that arthroscopic techniques restored subopti-
mal radiological angles, despite acceptable results. Our
review showed that both AVN and humpback deform-
ities can be successfully treated arthroscopically.

Cannulated screws were the most popular fixation
method (75%, 350/466 patients), followed by K-wires
(25%; 116/466 patients); however, the two fixation
methods did not show any difference in terms of union
rate (93% vs. 94%). In their systematic review of open
treatment for scaphoid nonunion, Pinder et al. (3)
reported union rates of 88% and 92% for screws and
k-wires, respectively. The average union rate in our re-
view was 13.6 weeks (Table 2), which is the same as
that reported by Pinder et al. (3).

Cancellous bone grafts have advantages and
disadvantages. While yhey have faster remodeling
than tricortical bone grafts, they have less structural
strength. One systematic review (32) reported faster
bone union using cancellous bone grafts. Different
sources of graft were used, with the most common
being the distal radius and iliac crest, used in 44%
and 37% of the patients, respectively. We observed
(Table 3) a better union rate in the group of patients
who used iliac crest (95%), compared with distal ra-
dius (78%). Grafting from olecranon resulted in the
best union rate (100%), but it was only used in 0.5%
of the patients.

It was not possible to compare the clinical results
of our review with other systematic reviews regarding
open treatment because the most recent reviews fo-
cused on the union rate and not on the clinical out-
comes. We believe that there is a need for a systematic
review that reports the clinical outcomes of open
techniques, and we believe that the lower morbidity
of the arthroscopic technique could have a positive
influence on the range of motion.

In conclusion, this systematic review has shown
that arthroscopic management of scaphoid nonunion
achieves a high rate of union and satisfactory clini-
cal outcomes with minimal complications. The meth-
odological quality of the studies evaluated using the
Coleman score was rated as good. However, no clear
conclusion can be drawn regarding the source of the
graft and type of fixation with the current evidence.
Furthermore, there is no extended, generally accepted
arthroscopic classification that orients the best way of
treatment; therefore, future studies should focus on
this issue, defining the type of nonunion and the best
method of arthroscopic management.
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