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Arthroscopic assisted versus open non-
vascularized bone grafting in delayed union
and nonunion of the scaphoid: a systematic
review and meta-analysis
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Abstract

Background Delayed union and nonunion of the scaphoid is a common complication often requiring surgical
reconstruction and bone grafting. Our goal was to systematically assess the healing time and clinical outcomes
following arthroscopic-assisted versus open non-vascularized bone grafting of the scaphoid.

Methods A comprehensive search of the MEDLINE, Embase, CINAHL (Cumulative Index to Nursing and Allied

Health Literature), and Cochrane Central databases was completed from inception to September 2023. We included
randomized trials and observational studies that reported outcomes following scaphoid delayed union/nonunion
comparing arthroscopic-assisted vs. open non-vascularized bone grafting. Two reviewers independently extracted
data and assessed the risk of bias. One investigator assessed certainty of evidence and a senior investigator confirmed
the assessment. We pooled effects using random-effects models, when possible, for all outcomes reported by more
than 1 study.

Results Overall, 26 studies and 822 patients were included in the study. Very low certainty evidence demonstrated
that arthroscopic-assisted surgery may decrease healing time compared to open surgery (weighted mean difference
[WMD] -7.8 weeks; 95%Cl -12.8 to -2.8). Arthroscopic bone grafting did not result in an improvement in union rate
(relative risk 1.01; 95%CI 0.9 to 1.09). The pooled data in arthroscopic graft group showed mean time to union of 11.4
weeks (95%Cl: 10.4 to 12.5) with union rate of 95% (95%CI 91-98%). A single comparative study reported very low
certainty evidence that arthroscopy-assisted vs. open surgery may not have an effect on pain relief (MD 0 cm, 95%Cl
-0.4 t0 0.5 on VAS 10 cm for pain) or improving function (MD -1.2, 95% Cl -4.8 to 2.3 on 100 points DASH).

Conclusion and future directions Our results suggest that arthroscopic-assisted non-vascularized bone grafting
may be associated with improved average weeks to heal in comparison with open surgery for scaphoid delayed
union/nonunion reconstruction with overall comparable union rates. There is insufficient evidence to assess the
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effects of arthroscopic-assisted reconstruction on union rate, time to union, and patient-reported outcomes in
patients with other important nonunion characteristics such as established humpback deformity.

Keywords Arthroscopic-assisted, Non-vascularized bone grafting, Scaphoid delayed union, Nonunion, Systematic

review, Meta-analysis

Introduction

Scaphoid fractures are the most common carpal fracture,
typically occurring in young, active individuals following
high-energy trauma or falls onto an outstretched hand
[1]. While many scaphoid fractures heal uneventfully
with nonsurgical management, 5 to 10% of patients may
develop delayed union and/or nonunion [2, 3]. Delayed
union refers to a condition where healing not achieved
within 3 to 6 months after injury and nonunion is defined
as no healing beyond 6 months following injury [4]. Pre-
vious studies have consistently demonstrated that ear-
lier treatment of delayed unions/nonunions can result in
great rate of successful healing [5]. A persistent scaph-
oid nonunion, however, can lead to Scaphoid Nonunion
Advanced Collapse (SNAC) and/or notable impairment
in wrist function [6].

Although many options exist for scaphoid reconstruc-
tion for nonunion, the current gold standard in surgi-
cal management of scaphoid delayed union/nonunion
involves open reduction and internal fixation with non-
vascularized bone grafting [7]. A previous meta-analysis
suggests that screw fixation coupled with non-vascular-
ized bone graft results in a 90% union rate [8].

Arthroscopic-assisted techniques for scaphoid bone
grafting and fixation presents an alternative to conven-
tional open grafting with the potential advantages of
minimizing surgical trauma and wrist scarring while pre-
serving the integrity of capsuloligamentous structures
and the native blood supply [9-12]. Despite the utility
and increased use of arthroscopic-assisted techniques, its
effects compared with open surgery remains uncertain.

The aim of this study is to assess the healing time and
clinical outcomes following the arthroscopic-assisted
scaphoid fixation compared to open reduction internal
fixation with non-vascularized bone grafting for scaphoid
delayed union and nonunion.

Methods
We followed standards for Meta-Analysis of Observa-
tional Studies [13] and PRISMA guideline for Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses [14].

Eligibility criteria

We included randomized control trial (RCT) and obser-
vational studies that explored the effects of arthroscopic-
assisted vs. open non-vascularized bone grafting among
patients with scaphoid delayed union/nonunion. We

also included one-arm studies that assessed union time/
rate or other clinical outcomes among patients who
underwent arthroscopic-assisted graft surgery. Scaphoid
delayed union was defined as a fracture with no evidence
of healing within 3 to 6 months after injury, whereas
nonunion refers to a scaphoid fracture that remains
nonunited greater than 6 months following injury [4].
We excluded studies with acute scaphoid fractures,
those associated with concomitant fractures/injuries
or with history of previous scaphoid nonunion surgery,
open fractures, fractures associated with wound infec-
tion, studies included vascularized bone graft, and stud-
ies with no graft. We also excluded case series (less than
10 patients), conference abstracts, thesis, protocol, and
ongoing trials (or registered trial but without results).

Literature search and study selection

We searched the MEDLINE, Embase, CINAHL (Cumula-
tive Index to Nursing and Allied Health Literature), and
Cochrane Central database from inception to Septem-
ber 2023 with no restriction on language of publication
(Appendix A). We also searched the reference lists of all
eligible studies and related systematic reviews for addi-
tional eligible studies. A pair of reviewers independently,
and in duplicate, screened title/abstract and full text in
online software COVIDENCE [15]. Discrepancies were
resolved by discussion with senior authors.

Data collection and risk of bias assessment

Two reviewers independently and in duplicate abstracted
data from each eligible study, including the study and
patients’ characteristics, the details of the surgery, graft
type, fixation method, union chronicity, method of union
confirmation, and the duration of follow up. Some stud-
ies included patients with proximal pole fractures. These
studies were divided into three subgroups on the basis of
the presence/absence of a proximal pole fracture: (1) no
proximal fractures included, (2) inclusion of only proxi-
mal fractures, (3) and inclusion of patients with both of
proximal and other fracture types (i.e. distal and waist).
Studies were also subdivided into two subgroups based
on the presence or absence of avascular necrosis (AVN).
Our primary outcomes were mean time to union (con-
tinuous) and union rate (binary). We also assessed two
patient-reported outcomes including: the visual analog
scale (VAS) for pain, and the Disabilities of the Arm,
Shoulder and Hand (DASH) for function. We also cap-
tured complications reported by the included studies.



Noori et al. BMC Musculoskeletal Disorders (2024) 25:611

The pair of reviewers used the criteria suggested by the
CLARITY group [16] to assess the risk of bias of obser-
vational studies (Supplement Tables 1 and 2) including
selection bias, confidence that all patients had the condi-
tion of interest, control for confounding variables, valid-
ity of outcome assessment(s), and infrequent missing
data (<20%).

Data analysis

We conducted the meta-analysis for single-armed and
studies with control group separately. The RCT [17]
was included as single-arm study as both arms received
the intervention (arthroscopic-assisted bone graft fixa-
tion). We also reported the results of studies that were
not possible to pool. For continuous outcomes that were
reported by more than two studies, we pooled data and
calculated weighted mean difference (WMD) with asso-
ciated 95% confidence interval (CI) reported. For the
union rate as a binary outcome, we calculated relative risk
(RR) along with 95% CI. We conducted all meta-analyses
with random-effects models and the DerSimonian-Laird
method [18]. We pooled data from single-arm studies to
calculate the overall mean time to union and percentage
of union amongst the arthroscopic-assisted bone graft
group. For studies that reported continuous outcomes
(i.e. mean time to union and patient-reported outcomes)
as median and IQR, we derived the mean and SD using
the method presented by Wan et al. [19]. We used Stata
(StataCorp, Release V.15.1) for all analyses. Comparisons
were two tailed using a threshold of p<0.05.

Subgroup and sensitivity analysis

When we had at least two studies in each subgroup, we
explored the source of heterogeneity by assessing the five
pre-specified subgroups, assuming shorter healing time
with studies that: (1) excluded proximal pole fractures,
(2) excluded AVN, (3) included patients with shorter
duration of nonunion (i.e. defined less than 18 months),
(4) studies which used iliac crest graft site vs. other graft
sites, and (5) studies which used screw fixation vs. other
types of fixation. We planned to explore the publication
bias when there were at least 10 studies for meta-analysis.

Certainty of evidence

One reviewer used the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) [20]
approach to assess the certainty of evidence for each out-
come as high, moderate, low or very low and confirmed
the results with the senior author. The domains of risk of
bias, imprecision, inconsistency, indirectness, and publi-
cation bias were assessed. We rated down for imprecision
if the 95% CI associated with pooled outcomes included
no effect (i.e. zero for continuous outcomes and one
for binary outcome). For the inconsistency domain, we
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evaluated the I? statistic and visual inspection of forest
plot for pooled outcomes [21].

Results

Of 1568 records identified, we reviewed 36 articles in
full text, and 26 studies with 822 participants were eli-
gible and included in our review (Fig. 1). There were 21
observational single arm studies [22-42], four retro-
spective cohort studies [43-46], and one RCT [17]. All
studies enrolled patients with scaphoid nonunion or a
combination of nonunion and delayed union [40, 42—45].
The retrospective cohort studies compared arthroscopic-
assisted bone graft reconstruction surgery versus open
surgery. The included RCT [17], recruited patients with
scaphoid nonunion without displacement or with mini-
mal displacement, and compared arthroscopic-assisted
fixation and bone grafting with 3D guided system versus
without the 3D guided system. We included this RCT as a
single arm study as both control and intervention groups
underwent arthroscopic-assisted surgery. One retrospec-
tive cohort study was excluded because authors used sal-
vage technique in patients with scapholunate advanced
collapse (SNAC) [47]. Another one-armed study also
excluded as they included cases with previous history
of scaphoid fracture who underwent the nonunion sur-
gery [48]. Amongst all included studies, the percentage of
female individuals was 18% and participants’ age ranged
from 22 to 44 years old. The duration of nonunion ranged
from 6 to 60 months and participant follow up ranged
from 3 to 39 months (Table 1).

Regarding the graft site, 10 included studies used dis-
tal radius [22, 23, 25-27, 30, 32, 35, 37, 39], and 16 stud-
ies used either iliac crest [17, 28, 29, 31, 33, 34, 42, 46]
or combination of iliac crest and distal radius or olec-
ranon [24, 36, 38, 40, 41, 43—45]. All studies reporting
arthroscopic-assisted surgery harvested the autologous
cancellous bone grafts from either the distal radius or the
iliac crest, depending on the size of the nonunion gap.
Only one included study injected a bone graft substitute
that was packed with increasing firmness into the non-
union site and proximal pole [24]. Most of the included
studies [22, 25-28, 36, 38, 39, 41, 42, 44, 46] used a com-
bination of fixation method (i.e. headless compression
screw and K-wire), eight studies used headless com-
pression screw [23, 24, 31, 35, 37, 40, 43, 45], and six of
them used K-wire method [17, 29, 30, 32—34]. Three of
the studies included patients with stage I SNAC [33, 34,
41]. One study also excluded scaphoid nonunion patients
without coexisting ligament injuries [31].

Risk of bias of included studies

All observational studies with control group were at high
risk of bias (Supplement Table 3). The most common lim-
itation in these studies was due to inadequate adjustment
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Table 2 GRADE evidence profile: arthroscopic versus open non-vascularized bone grafting in patients with delayed union and

nonunion of the scaphoid

# of studies # of Riskof inconsistency indirectness imprecision Publica- Treatment effect Overall
patients bias tion bias  (95%Cl) cer-
tainty of
evidence
Mean time to union (weeks)
3 retrospective cohort 110 (inter- Serious  Not serious Not serious Not serious Not WMD —7.8 weeks (-12.8 Very low
studies [43-45] vention: 39,  risk of detected t0-2.8)
control: 71)  bias
Overall mean time to union in arthroscopic-assisted group
14 single-arm studies 338 Serious  Serious incon-  Not serious Not serious Not 114 weeks (104t012.5)  Very low
[22-25, 28, 32-36, 38, risk of sistency (visual detected
40-42] bias inspection)
Union rate (%)
4 retrospective cohort 189 Serious  Not serious Not serious Serious Not RR 1.01 (0.9 to 1.0) Very low
studies [43-46] (interven- risk of detected  In arthroscopic-assisted:
tion: 71, bias 94% (86-99%)
control: 118) In open bone-grafting:
90% (81-96%)
Overall union rate in arthroscopic-assisted group
21 single-arm studies 675 Serious  Not serious Not serious Not serious Not 95% (91-98%). Very low
[17,22-42] risk of detected
bias
Pain relief
1 retrospective [46] 62 Serious - Serious - MD 0cm (-04to 0.5 0n Very low
cohort (interven- risk of 10 cm VAS)
tion: 28, bias
control: 34)
Physical function
1 retrospective [46] 62 Serious - - Serious - MD-1.2 point (-48t023  Very low
cohort (interven- risk of on 100 points DASH)
tion: 28, bias
control: 34)
Weighted mean difference: WMD; Relative risk: RR; visual analog scale: VAS
for potential confounders. The majority of the single-  Union rate
armed studies also were at high risk of bias (20 out of 22) From the four observational studies [43-46],

due mostly to non-representative samples (Supplement
Table 4).

Outcomes

Mean time to union in weeks

Very low certainty evidence from three studies [43-45]
suggest that arthroscopy-assisted bone grafting and fixa-
tion may decrease mean time to healing by 7.8 weeks
(95%CI -12.8 to -2.8 weeks) compared to open surgery
(Table 2, Supplement Fig. 1).

The overall pooled mean time to union following
arthroscopic-assisted bone grafting surgery and fixation
for delayed union/nonunion scaphoid was 11.4 weeks
(95%CI 10.4 to 12.5 weeks; Table 2, Supplement Fig. 2).
The mean time to union did not differ based on the chro-
nicity of the nonunion (Supplement Fig. 3, a test of inter-
action p=0.36) or the proximal pole fracture location
(Supplement Fig. 4, a test of interaction p=0.88).

arthroscopic-assisted bone grafting and fixation did not
result in a significant improvement in union rate com-
pared with open surgery (RR 1.01; 95%CI 0.9 to 1.09;
very low certainty evidence; Table 2, Supplement Fig. 5).
The overall pooled union rate from 21 single-arm stud-
ies [17, 22-42] in arthroscopic graft group was 95%
(95%CI 91-98%; Supplement Fig. 6). The result did not
differ based on the subgroups of chronicity, studies that
excluded proximal pole fracture and AVN, and site of the
graft (Supplement Figs. 7, 8,9, 10 and 11).

Pain relief and physical function

Very low certainty evidence from one study [46] showed
that arthroscopic-assisted bone grafting and fixation may
not be associated with improved pain (MD 0 cm; 95%CI
-0.4 to 0.5 on 10 cm VAS of pain) or physical function
compared with open bone grafting and fixation (MD
-1.2, 95% CI: -4.8 to 2.3 on 100 points DASH; Table 2).
However, in one-arm studies [22, 23, 25, 27, 28, 30-32,
35, 42, 45] conducted amongst patients who underwent
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Studies from databases/registers (n = 1579)
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Fig. 1 Preferred reporting items for systematic review and meta-analysis flow chart

arthroscopic-assisted bone grafting and fixation, it was  Complications

found that post-operative pain and function substantially =~ Three studies reported complications as those requiring
improved compared to their pre-surgery condition (Sup-  revision surgery 12,15, 29) and one study reported minor
plement Figs. 12 and 13). adverse events [31] (Supplement Table 5).
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Discussion
This meta-analysis demonstrated that arthroscopic-
assisted reconstruction with non-vascularized bone
grafting and fixation for scaphoid delayed union/non-
union may be associated with faster healing time com-
pared to open surgery, while union rates are comparable
(94% vs. 90% in arthroscopic and open surgery respec-
tively). The pooled data of this study showed a high union
rate after arthroscopic-assisted surgery which was not
impacted by either chronicity, fracture location or AVN.

Our study is the first meta-analysis that has compared
arthroscopic-assisted versus open reconstruction with
non-vascularized bone graft and fixation for scaphoid
delayed union/nonunion. We conducted a comprehen-
sive search, pooled data for time to healing, evaluated the
risk of bias among individual studies, and used GRADE
approach to rate the certainty of evidence of pooled data.
Our data however, is limited in its ability to further parse
out the relationship between nonunion characteristics
(other than chronicity and fracture site), and successful
arthroscopic reconstruction with bone grafting. Specifi-
cally, the current study is unable to conclude the effect of
fracture or intercarpal instability (i.e., humpback defor-
mity or dorsal intercalated segment instability [DISI])
on arthroscopic feasibility and union rate. Amongst the
included studies, arthroscopic-assisted scaphoid recon-
struction was typically reserved for more recently estab-
lished nonunion which had minimal resorption, little
sclerosis, absent AVN, and no humpback deformity [23].
Five of the studies in this review presented results includ-
ing both delayed and nonunion cases. However, the
results were not reported separately based on this critical
characteristic. We were therefore unable to explore the
relative influence of delayed union versus non-union on
our primary and secondary outcomes. Sensitivity analy-
sis and exclusion of these studies did not considerably
change the findings of the current review. However, there
are certainly differences in the prognosis for fractures
that may be expected to heal given enough time without
intervention (delayed union) and those that will not heal
without intervention (established non-unions). Impor-
tantly, subgroup analysis based on chronicity (greater or
less than 18 months), which may be a reasonable surro-
gate for non-union, did not find a significant difference
between groups. Future investigations would do well to
include specific and consistent definitions and report
results separately where possible to allow for appropri-
ate subgroup analysis. Moreover, the very low certainty
evidence resulted in uncertainty regarding the effect of
arthroscopic-assisted versus open reconstruction sur-
gery on healing time and rate in scaphoid delayed union/
nonunion.

In terms of the residual humpback deformity correc-
tion using arthroscopic-assisted technique, two studies
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[27] reported the ability to achieve union and correct
the DISI deformity [49]. However, the second study [49]
did not use bone graft and authors noted that preopera-
tive scaphoid imaging may not always predict the type
of scaphoid that can be treated arthroscopically. Instead,
they found that the presence of hemorrhagic petechiae
observed arthroscopically was a primary predictive factor
for successful union based on their experience. Overall,
this literature shows that arthroscopy serves as a valuable
adjunct for scaphoid delayed union/nonunion evaluation
and serves as an viable surgical option for reconstruction
in selected cases, provided that the principles of pseu-
doarthrosis debridement and rigid internal fixation are
adhered to [50].

Our results also suggest that arthroscopic-assisted
scaphoid reconstruction may have an important clinical
benefit for patients by substantially improving healing
time by approximately 7.8 weeks compared with open
surgery. Arthroscopic-assisted reconstruction may as
such, also result in decreased immobilization and time
off work/sport. In addition to increased time to union,
open reconstruction carries greater surgical site morbid-
ity by disrupting the capsuloligamentous structures and
potentially causing post-operative wrist stiffness and
functional issues. Most included studies in this review,
however, were single-armed, limiting meta-analysis and
accurate conclusions on functional outcomes and details
of return to work/sport after arthroscopic-assisted scaph-
oid reconstruction comparing with open surgery. This
study was unable to identify patterns in either union rate
or time to union based on the type or site of bone graft
used (i.e. autologous iliac crest or distal radius, injectable
bone substitute) due to lack of variability. Despite con-
troversial literature, most studies suggested a consistent
union rate irrespective of bone graft type [51]. Caloia
et al. [49] reported a 91.7% union rate without the use
of bone graft. These results, however, were in a highly
selected range of patients of which all were young non-
smokers without excessive scaphoid sclerosis or a small
proximal pole fragment, and who demonstrated hemor-
rhagic petechiae on arthroscopic evaluation.

This meta-analysis demonstrated that the over-
all union rate was not statistically significantly dif-
ferent between the arthroscopic-assisted and open
reconstruction groups, and both groups offered high rate
of union. A narrative systematic review also reported that
arthroscopic-assisted reconstruction had a high rate of
union for the management of scaphoid nonunion [52].
Our union rate results align with those reported in other
systematic reviews for open reconstruction using non-
vascularized bone graft and screw fixation [12, 53]. The
current study demonstrated that arthroscopic-assisted
scaphoid reconstruction with bone graft achieves union
with minimal complications, comparable to the gold
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standard open technique, particularly for highly selected
types of scaphoid nonunion.

Conclusion

Our results suggest that arthroscopic-assisted non-vas-
cularized bone grafting may be associated with improved
time to union in comparison with open surgery for scaph-
oid delayed union/nonunion reconstruction with overall
comparable union rates. There is insufficient evidence to
assess the effects of arthroscopic-assisted reconstruction
on union rate, time to union, and patient-reported out-
comes in patients with other important nonunion char-
acteristics such as established humpback deformity.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512891-024-07723-4.

[ Supplementary Material 1 ]

Acknowledgements
Not applicable.

Author contributions

ACH, RP, and AN designed the study. SHK conducted search. AN, JP, and

SHK selected the studies, extracted the relevant information, and assessed
the risk of bias of selected studies. AN conducted the statistical analysis. AN
wrote the first draft of the paper. ACH, RP, and JP interpreted the results and
critically revised the manuscript for important intellectual content. All authors
reviewed the paper and approved the final version.

Funding
The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Data availability
Data are available on reasonable request to the corresponding author at: ryan.
paul2@uhn.ca.

Declarations

Ethics approval and consent to participate
Not required.

Competing interests
The authors declare no competing interests.

Author details

"Hand Program, Division of Plastic, Reconstructive and Aesthetic Surgery,
University Health Network, Toronto Western Hospital, Affiliated with
University of Toronto, East Wing, 2nd Floor, Rm. 400, Toronto, Canada
“Division of Orthopaedic Surgery, The Hospital for Sick Children, Toronto,
Canada

Received: 19 March 2024 / Accepted: 22 July 2024
Published online: 01 August 2024

References

1. Duckworth AD, Jenkins PJ, Aitken SA, Clement ND, Court-Brown CM,
McQueen MM. Scaphoid fracture epidemiology. J Trauma Acute Care Surg.
2012,72(2):E41-45.

20.

21.

22.

23.

24.

25.

26.

27.

Page 8 of 9

Dunn J, Kusnezov N, Fares A, Mitchell J, Pirela-Cruz M. The scaphoid staple: a
systematic review. Hand (NY). 2017;12(3):236-41.

Steinmann SP, Adams JE. Scaphoid fractures and nonunions: diagnosis and
treatment. J Orthop Sci. 2006;11(4):424-31.

Kawamura K, Chung KC. Treatment of scaphoid fractures and nonunions. J
Hand Surg Am. 2008;33(6):988-97.

Inaparthy PK, Nicholl JE. Treatment of delayed/nonunion of scaphoid

waist with Synthes cannulated scaphoid screw and bone graft. Hand (NY).
2008;3(4):292-6.

Yeo JH, Kim JY. Surgical Strategy for Scaphoid Nonunion Treatment. J Hand
Surg Asian Pac Vol. 2018;23(4):450-62.

Kang L. Operative treatment of Acute Scaphoid fractures. Hand Surg.
2015;20(2):210-4.

Pinder RM, Brkljac M, Rix L, Muir L, Brewster M. Treatment of Scaphoid
Nonunion: a systematic review of the existing evidence. J Hand Surg Am.
2015;40(9):1797-e18053.

Slade JF, Merrell GA, Geissler WB. Fixation of Acute and selected Nonunion
Scaphoid fractures. In: Geissler WB, editor. Wrist arthroscopy. New York, NY:
Springer; 2005. https://doi.org/10.1007/0-387-27087-6_15.

Whipple TL. The role of arthroscopy in the treatment of intra-articular wrist
fractures. Hand Clin. 1995;11(1):13-8.

Wong WYC, Ho PC. Minimal invasive management of scaphoid fractures:
from fresh to nonunion. Hand Clin. 2011,27(3):291-307.

Rinaldi A, Pilla F, Chiaramonte |, Pederiva D, Vita F, Schilardi F, et al.
Arthroscopic surgery for scaphoid nonunion: a 10-year systematic literature
review. Musculoskelet Surg. 2024;108(2):125-32.

Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al. Meta-
analysis of observational studies in epidemiology: a proposal for reporting.
Meta-analysis of Observational studies in Epidemiology (MOOSE) group.
JAMA. 2000,283(15):2008-12.

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gatzsche PC, loannidis JPA, et al.
The PRISMA statement for reporting systematic reviews and meta-analyses of
studies that evaluate healthcare interventions: explanation and elaboration.
BMJ. 2009;339:02700.

Covidence systematic review software. Veritas Health Innovation, Melbourne,
Australia. www.covidence.org.

CLARITY group at McMaster University. Tools to assess the risk of bias.
[Internet]. https://www.distillersr.com/resources/methodological-resources/
tool-to-assess-risk-of-bias-in-cohort-studies-distillersr.

Yin HW, Feng JT, Yu BF, Shen YD, Gu YD, Xu WD. 3D printing-assisted percuta-
neous fixation makes the surgery for scaphoid nonunion more accurate and
less invasive. J Orthop Translation. 2020;24:138-43.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials.
1986;7(3):177-88.

Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and standard
deviation from the sample size, median, range and/or interquartile range.
BMC Med Res Methodol. 2014;14:135.

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al.
GRADE: an emerging consensus on rating quality of evidence and strength
of recommendations. BMJ. 2008;336(7650):924-6.

Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA, edi-
tors. Cochrane Handbook for Systematic Reviews of Interventions.

Burnier M, Loisel F, Ardouin L, Beauthier V, Durand A, Erhard L et al. Treatment
of scaphoid nonunion by arthroscopic cancellous bone grafting. Orthopae-
dics & traumatology, surgery & research: OTSR. 2023;103665.

Cheng C, Jiang Z, Sun H, Hu J, Ouyang Y. Arthroscopic treatment of unstable
scaphoid fracture and nonunion with two headless compression screws and
distal radius bone graft. J Orthop Surg Res. 2023;18(1):52.

Chu PJ, Shih JT. Arthroscopically assisted use of injectable bone graft sub-
stitutes for management of scaphoid nonunions. Arthrosc - J Arthroscopic
Relat Surg. 2011,27(1):31-7.

Cifras JLV, Azocar CS, Sanhueza MF, Cavalla PA, Liendo RV. Arthroscopic
treatment for scaphoid pseudarthrosis with Humpback: Surgical tech-
nique and Case Series. [Spanish]. Revista Chil De Ortop Y Traumatologia.
2019,60(2):47-57.

Cognet JM, Louis P Martinache X, Schernberg F. Arthroscopic grafting of
scaphoid nonunion - surgical technique and preliminary findings from 23
cases. Hand Surg Rehabilitation. 2017;36(1):17-23.

De Bie A, Louis P, Cognet JM. Correction of residual humpback deformity
after arthroscopic treatment of scaphoid non-union. Orthopaedics and
Traumatology: Surgery and Research [Internet]. 2022;108(7) (no pagination).


https://doi.org/10.1186/s12891-024-07723-4
https://doi.org/10.1186/s12891-024-07723-4
https://doi.org/10.1007/0-387-27087-6_15
http://www.covidence.org
https://www.distillersr.com/resources/methodological-resources/tool-to-assess-risk-of-bias-in-cohort-studies-distillersr
https://www.distillersr.com/resources/methodological-resources/tool-to-assess-risk-of-bias-in-cohort-studies-distillersr

Noori et al. BMC Musculoskeletal Disorders

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

(2024) 25:611

http://www.elsevier.com/wps/find/journaldescription.cws_home/718469/
description#description.

Delgado-Serrano PJ, Jimenez-Jimenez |, Nikolaev M, Figueredo-Ojeda

FA, Rozas-Lopez MG. Reconstruccion Artroscopica de la seudoartrosis
inestable del escafoides carpiano, arthroscopic reconstruction for unstable
scaphoid non-union. Revista Esp De Cir Ortopedica Y Traumatologia.
2017,61(4):216-23.

Ecker J, Shahbaz L, Kohli S, Breidahl W, Andrijich C. Arthroscopic bone graft
and internal fixation of Non-union of the Proximal Pole of the scaphoid:
Surgical technique and outcomes. J Wrist Surg. 2022;11(6):535-40.

Hsiung W, Huang HK, Wang JP, Chang MC, Huang YC. Arthroscopic realign-
ment and osteosynthesis of unstable scaphoid nonunion with cancellous
bone graft from the ipsilateral radius. Int Orthop. 2021;45(1):191-7.

Kang HJ, Chun YM, Oh WT, Koh IH, Lee SY, Choi YR. The Effect of Debridement
of Coexisting Partial Ligament Injuries on outcomes following arthroscopic
osteosynthesis for minimally displaced scaphoid nonunions. J Hand Surg.
201641(6):135-42.

Kim JP, Seo JB, Yoo JY, Lee JY. Arthroscopic management of chronic unstable
scaphoid nonunions: effects on restoration of carpal alignment and recovery
of wrist function. Arthrosc - J Arthroscopic Relat Surg. 2015;31(3):460-9.

Lee YK, Choi KW, Woo SH, Ho PC, Lee M. The clinical result of arthroscopic
bone grafting and percutaneous K-wires fixation for management of
scaphoid nonunions. Medicine (United States) [Internet]. 2018;97(13) (no
pagination). http://journals.lww.com/md-journal.

Lee YK, Jung YR. Arthroscopy-assisted bone grafting for the treatment

of SNAC stage i without radial styloidectomy. Med (United States).
2022;101(32):E29930.

Lin TY, Fu CW, Tsai PS, Huang CH, Wei SH, Chuang MY. Outcomes after
arthroscopic treatment for scaphoid nonunion using ipsilateral radius bone
graft and a headless compression screw: a comparison between the patients
with and without avascular necrosis. Int Orthop. 2023;47(4):1041-9.

Liu B, Wu F, Ng CY. Wrist arthroscopy for the treatment of scaphoid delayed or
nonunions and judging the need for bone grafting. J hand Surg Eur Volume.
2019;44(6):594-9.

Low S, Kiesel S, Spies CK, Erne H. Arthroscopic reconstruction of scaph-

oid nonunions. [German]. Operative Orthopadie Und Traumatologie.
2022;34(4):261-74.

Shih YC, Wu CC, Shih JT. Arthroscopic treatment of stable nonunion, unstable
nonunion, or nonunion of the scaphoid with early degenerative radioscaph-
oid arthritis. J Orthop Surg Res. 2023;18(1):123.

Slade IJF, Gillon T. Retrospective review of 234 scaphoid fractures and non-
unions treated with arthroscopy for union and complications. Scand J Surg.
2008,97(4):280-9.

Waitayawinyu T, Lertcheewanan W, Boonyasirikool C, Niempoog S.
Arthroscopic treatment of Scaphoid Nonunion with Olecranon Bone graft

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Page 9 of 9

and screw fixation leads to Union and Improved outcomes. Arthrosc - J
Arthroscopic Relat Surg. 2022;38(3):761-72.

Wang JP, Huang HK; Shih JT. Arthroscopic-assisted reduction, bone grafting
and screw fixation across the scapholunate joint for proximal Pole scaphoid
nonunion. BMC Musculoskelet Disord. 2020;21(1):834.

Wu F, Zhang Y, Liu B. Arthroscopic bone graft and fixation for proximal scaph-
oid nonunions. Bone Joint J. 2022;104-B(8):946-52.

Gvozdenovic R, Joergensen RW, Joerring S, Jensen CH. Arthroscopically
assisted bone grafting reduces Union Time of Scaphoid nonunions com-
pared to percutaneous screw fixation alone. J Wrist Surg. 2020;9(1):13-8.
Gvozdenovic R, Presman B, Larsen MB, Radev DI, Joerring S, Jensen CH. Can
CT-Scan measurements of Humpback Deformity, dislocation, and the Size of
Bony Cysts Predict Union after surgery for Scaphoid Nonunion? J Wrist Surg.
2021;10(5):418-29.

Gvozdenovic R, Kongensgaard TB. Results of arthroscopic cancellous bone
grafting for treatment of scaphoid nonunion in comparison with open
cancellous bone grafting. J hand Surg Eur Volume. 2023;17531934231166343.
Oh WT, Kang HJ, Chun YM, Koh IH, Lee YJ, Choi YR. Retrospective compara-
tive outcomes analysis of arthroscopic Versus Open Bone graft and fixation
for unstable scaphoid nonunions. Arthroscopy: J Arthrosc Relat Surg.
2018;34(10):2810-8.

Cifras JL, Azocar C, Bernal N, Sanhueza M, Liendo R. Four-corner arthrod-
esis: comparative analysis of open surgery Versus Percutaneous technique
with arthroscopic assistance. Revista Chil De Ortop Y Traumatologia.
2021;62(1):2-10.

Arthroscopic Management of Scaphoid Nonunion. Vol. 35. United States;
2019.

Caloia MF, Scotti DG, Fernandez DL. Arthroscopic Treatment of Scaphoid
Pseudoarthrosis without Bone Graft: Is it Really Feasible? Revista Iberoameri-
cana de Cirugfa de la Mano. 2020;48(01):31 to 41.

Slade JF 3rd, Dodds SD. Minimally invasive management of scaphoid non-
unions. Clin Orthop Relat Res. 2006;445:108-19.

Duncumb JW, Robinson PG, Williamson TR, Murray IR, Campbell D, Molyneux
SG, et al. Bone grafting for scaphoid nonunion surgery: a systematic review
and meta-analysis. Bone Joint J. 2022;104-B(5):549-58.

Basso MA, Smeraglia F, Ocampos-Hernandez M, Balato G, Bernasconi A,
Corella-Montoya F. Scaphoid fracture non-union: a systematic review of the
arthroscopic management. Acta Biomed. 2023;94(5):e2023194.

Merrell GA, Wolfe SW, Slade JF 3rd. Treatment of scaphoid nonunions: quanti-
tative meta-analysis of the literature. J Hand Surg Am. 2002;27(4):685-91.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


http://www.elsevier.com/wps/find/journaldescription.cws_home/718469/description#description
http://www.elsevier.com/wps/find/journaldescription.cws_home/718469/description#description
http://journals.lww.com/md-journal

	﻿Arthroscopic assisted versus open non-vascularized bone grafting in delayed union and nonunion of the scaphoid: a systematic review and meta-analysis
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Eligibility criteria
	﻿Literature search and study selection
	﻿Data collection and risk of bias assessment
	﻿Data analysis
	﻿Subgroup and sensitivity analysis
	﻿Certainty of evidence

	﻿Results
	﻿Risk of bias of included studies
	﻿Outcomes
	﻿Mean time to union in weeks
	﻿Union rate
	﻿Pain relief and physical function
	﻿Complications


	﻿Discussion
	﻿Conclusion
	﻿References


