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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%CI -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%CI: 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%CI 
-0.4 to 0.5 on VAS 10 cm for pain) or improving function (MD -1.2, 95% CI -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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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. 

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
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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 

evaluated the I2 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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for potential confounders. The majority of the single-
armed studies also were at high risk of bias (20 out of 22) 
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).

Union rate
From the four observational studies [43–46], 
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 

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 

patients
Risk of 
bias

inconsistency indirectness imprecision Publica-
tion bias

Treatment effect 
(95%CI)

Overall 
cer-
tainty of 
evidence

Mean time to union (weeks)
3 retrospective cohort 
studies [43–45]

110 (inter-
vention: 39, 
control: 71)

Serious 
risk of 
bias

Not serious Not serious Not serious Not 
detected

WMD − 7.8 weeks (-12.8 
to -2.8)

Very low

Overall mean time to union in arthroscopic-assisted group
14 single-arm studies 
[22–25, 28, 32–36, 38, 
40–42]

338 Serious 
risk of 
bias

Serious incon-
sistency (visual 
inspection)

Not serious Not serious Not 
detected

11.4 weeks (10.4 to 12.5) Very low

Union rate (%)
4 retrospective cohort 
studies [43–46]

189
(interven-
tion: 71, 
control: 118)

Serious 
risk of 
bias

Not serious Not serious Serious Not 
detected

RR 1.01 (0.9 to 1.0)
In arthroscopic-assisted: 
94% (86–99%)
In open bone-grafting: 
90% (81–96%)

Very low

Overall union rate in arthroscopic-assisted group
21 single-arm studies 
[17, 22–42]

675 Serious 
risk of 
bias

Not serious Not serious Not serious Not 
detected

95% (91–98%). Very low

Pain relief
1 retrospective [46]
cohort

62
(interven-
tion: 28, 
control: 34)

Serious 
risk of 
bias

- - Serious - MD 0 cm (-0.4 to 0.5 on 
10 cm VAS)

Very low

Physical function
1 retrospective [46] 
cohort

62
(interven-
tion: 28, 
control: 34)

Serious 
risk of 
bias

- - Serious - MD -1.2 point (-4.8 to 2.3 
on 100 points DASH)

Very low

Weighted mean difference: WMD; Relative risk: RR; visual analog scale: VAS
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arthroscopic-assisted bone grafting and fixation, it was 
found that post-operative pain and function substantially 
improved compared to their pre-surgery condition (Sup-
plement Figs. 12 and 13).

Complications
Three studies reported complications as those requiring 
revision surgery 12,15, 29) and one study reported minor 
adverse events [31] (Supplement Table 5).

Fig. 1 Preferred reporting items for systematic review and meta-analysis flow chart
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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 

[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.
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