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Union rate and clinical outcomes
of second-try scaphoid
reconstructions after failed
primary scaphoid osteosynthesis
or reconstruction. A retrospective,
single-center cohort study of 52
patients

K. Rachunek-Medved*, C. lllg, A. Einzmann, J. T. Thiel,
A. Daigeler and F. Medved

Department of Hand, Plastic, Reconstructive and Burn Surgery, BG Unfallklinik Tuebingen, Eberhard
Karls University Tuebingen, Tuebingen, Germany

Introduction: Scaphoid non-union after failed primary surgery presents
significant therapeutic challenges.

Methods: In this retrospective study, 52 patients (50 males; mean age 29.5 years)
underwent secondary reconstructions (2009-2020) for proximal pole (38.5%,
n=20) and waist non-unions (61.5%, n=32). Treatments included non-
vascularized iliac crest grafts (17 patients), vascularized pedicled distal radius
grafts (26), and free medial femoral condyle flaps (9). Union and scaphoid
alignment were assessed by CT, while carpal alignment and arthrosis were
evaluated using radiographs. Statistical analysis employed chi-square, Fisher's
exact, Mann-Whitney U, and McNemar tests (R v4.4.2; p < 0.05).

Results: Union rates differed significantly between proximal pole (40%, 8/20) and waist
non-unions (68.75%, 22/32; p = 0.04). Graft type (p = 0.616), osteosynthesis method
(p=0.827), age (p = 0.095), smoking (p = 0.582), avascular necrosis (p = 0.42), and
prior surgeries (p = 0.974) showed no significant association with union. Proximal
pole non-unions with AVN trended toward lower union (22.2% vs. 54.5% without
AVN), though this was not statistically significant. In patients achieving union,
scaphoid humpback deformity was corrected in 9/15 cases (p = 0.0348), and dorsal
intercalated segment instability improved significantly (p = 0.0143). Functionally, the
union group had an average extension-flexion of 112° (81% of the healthy wrist) and
radial-/ulnar adduction of 40° (72% of the unaffected wrist), with grip strength
averaging 42 kg (range 25.2-59.7) and a DASH score of 11 (range 0-67). The non-
union group showed 114° extension-flexion (91% of the unaffected wrist) and 38°
ulnar/radial abduction (78% of the healthy wrist), with grip strength averaging 46 kg
(range 37.6-59.3; 89% of the unaffected wrist) and a DASH score of 10 (range 3-33).
Discussion: Secondary scaphoid reconstruction demonstrates location-dependent
success. The decision between secondary reconstruction, which aims to restore
anatomical integrity, and salvage procedures, which prioritize predictable outcomes,
hinges on balancing union potential, functional results, and patient preferences. A
tailored approach remains essential to align treatment goals with individual needs.

KEYWORDS

scaphoid non-union, SNAC wrist, scaphoid reconstruction, repeated scaphoid
reconstruction, bone grafting, wrist
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Introduction

According to Alshryda et al., scaphoid fractures account for
about 50%-80% of carpal bones fractures (1, 2). The rate of
union depends on fracture location, displacement, and time from
trauma to treatment. About 10% of scaphoid fractures progress
to non-union (3). The general results of primary reconstruction
of scaphoid non-union remain satisfying. Pinder et al. reported
in a systematic review, based on 48 publications (1.602 patients),
union rates of 90% with vascularized grafts from the distal radius
and an estimated union rates of 88% with the use of non-
vascularized bone grafts (4).

Non-vascularized bone grafts (e.g., iliac crest or distal radius)
are preferred in cases with preserved proximal pole vascularity or
less complex non-unions. These grafts provide structural support
and osteogenic material to promote healing but rely on adequate
local blood supply, limiting their utility in avascular or long-
standing non-unions (4).

Vascularized grafts (e.g., pedicled distal radius grafts) address
compromised vascularity, such as proximal pole fractures or
chronic non-unions, by introducing independent blood flow (5).
However, they face challenges in correcting humpback deformities
and managing significant bone loss, which may compromise
functional outcomes compared to iliac crest grafts (6, 7).

The free medial femoral condyle (MFC) flap offers a robust
solution for complex cases, combining excellent vascularization,
sufficient bone stock for defect shaping, and enhanced potential
for anatomical restoration (8). A notable drawback of this
approach is the potential for donor site morbidity, including
postoperative knee pain, although major complications are
infrequent (9, 10). Additionally, the procedure is technically
demanding, requiring a high level of surgical expertise and an
extended operative time.

This tiered rationale—prioritizing vascular status, defect
complexity, and surgeon expertise—underscores the need for
individualized decision-making to optimize union rates and
functional outcomes.

Even though a variety of surgical options for scaphoid
reconstruction exists, the treatment of scaphoid non-union after
a failed primary operation remains challenging, and the data
addressing this small group of patients are very limited and
mostly based on case studies. Existing studies often focus on
isolated outcomes (union rates or functional scores) rather than
reconciling the trade-offs between anatomical restoration, healing
potential, and postoperative functionality. The union rates for
second-try scaphoid reconstruction range between 50% and 91%
based on studies using non-vascularized grafts and between 0%
and 100% based on studies reporting on vascularized grafts
(11-15). The substantial variability in reported union rates for
second-attempt scaphoid reconstructions reflects the complexity
of influencing factors, including patient heterogeneity, variations
in surgical techniques, and the absence of prospective studies.
Disparities arise from differences in bone quality, the vascular
status of the nonunion site, and inconsistencies in operative
methodologies, underscoring the multifaceted challenges in
achieving consistent outcomes. Due to these inconsistent results
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of bony union reported in the literature, the surgeon faces a
difficult choice between retrying a cure with a re-reconstruction
or opting for well-established palliative surgeries with predictable
outcomes, such as a four-corner fusion or proximal row
carpectomy, which are, however, associated with a reduction in
wrist motion and functional outcome.

This study aims to critically analyze the outcomes of scaphoid
reconstructions following failed primary surgeries, with a particular
focus on wrist function and radiological findings. By examining a
comparatively large cohort of patients, it seeks to provide
clinically relevant insights, addressing the existing variability in
reported results and contributing to a more comprehensive
understanding of the effectiveness of reconstruction techniques.

Material and methods

Approval for the retrospective study was obtained from the
Institutional Review Board (Approval Number: 560/2020B0). Patients
who underwent scaphoid reconstruction following failed primary
surgery—including failed osteosynthesis or prior reconstruction—
were included in the study. Between 2009 and 2020, we screened
430 patients treated for scaphoid non-union at our department. Of
these, 343 patients were excluded due to primary scaphoid
reconstructions, and an additional 22 patients were directed to
salvage procedures (four corner fusion) as their primary therapy.
This left 65 patients pre-selected for secondary reconstructions.
Three patients were excluded due to incomplete or insufficient
clinical records, and five were excluded for incomplete radiological
diagnostics. Furthermore, three patients were ruled out because of
complex concomitant wrist injuries (e.g., perilunate dislocation), and
two were excluded due to associated radius fractures. Minimum
radiological follow-up was set on at least 3 months with CT after an
operation and clinical follow-up for 12 months after an operation.
52 patients met the inclusion criteria, were of legal age at the time of
the study and consented to participate in the retrospective part of
the study. Patients were operated on by a team of plastic surgeons,
all of whom were subspecialized in hand surgery. 22 patients were
willing to additionally participate in the clinical examination of the
wrist and to fill in the questionnaire. 3 patients sent back the
completed questionnaire without taking part in the clinical
examination (Figure 1).

Clinical records

We retrospectively analyzed the surgical records for
demographic details, nicotine consumption, the type and timing
of the prior operation, as well as the type and timing of the
secondary scaphoid reconstruction.

Avascular necrosis of proximal fragments was diagnosed
retrospectively based on surgical records, as the scaphoid
bleeding is standardly described in our surgical documentation
based on the findings of Green et al. (16). If there were no
punctate bleeding points with tourniquet deflated, the proximal

pole was considered totally avascular. MRI was not performed in
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430 patients with scaphoid nonunion
(2009-2020)

l

Screening

4-corner-fusion as a primary
therapy in 22 patients

Exclusion

343 patients with primary scaphoid
reconstruction

Exclusion

65 patients with secondary
reconstructions

Exclusion

incomplete or insufficient clinical records (3)

[ perilunate dislocation (3)

[ incomplete or insufficient radiological records (5) ]
]

displaced intra-articular distal radius fractures (2)

52 patients after secondary scaphoid reconstructions

Enrolled in the retrospective analysis

22 patients after secondary scaphoid reconstructions

Enrolled additionally in the clinical examination

FIGURE 1

Flow-chart presenting the screening process, along with the excluded and included patients

this collective study due the presence of a hardware in the scaphoid
of 51 out of 52 patients.

Radiologic assessment

The radiographs and available computer tomography scans of
the study-patients were retrospectively evaluated in a digital
Picture Archiving and Communication System (PACS) at
our institution.

The preoperative radiograms and CT scans were reviewed for
the presence of scaphoid non-union, its location, alignment and
eventually associated radiocarpal arthritis. The union and the
time of its radiological confirmation were recorded post-
operative; so were scaphoid and carpal alignment, and
radiocarpal arthrosis. The assessment of radiographs and CT

scans was performed by a senior hand surgeon.

Alignment

The scapholunate angle (SLA) and radiolunate angle (RLA)
were measured on lateral wrist radiographs based on the method
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described by Larsen et al. (17, 18). The definition of dorsal
intercalated segment instability (DISI) was taken from the
consensus of the International Wrist Investigators’ Workshop
(19). The diagnosis of DISI was made with the wrist in neutral
position identifying an RLA of at least —15° angle for the
radiolunate joint. Scaphoid non-unions with a normal carpal
alignment were classified as Mayo type I and those with carpal
instability as Mayo type II (20).

Osteoarthrosis

The osteoarthrosis of radiocarpal joints was evaluated on
the latest radiograms of the wrist by using a modified
Kellgren-Lawrence scale separately for scaphoid and lunate fossa
(21) (Table 1).

Humpback deformity and scaphoid
malunion

The assessment of pre- and post-operative scaphoid alignment
patients involved measuring the lateral intrascaphoid angle (LISA)
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TABLE 1 Kellgren-Lawrence scale of osteoarthrosis.

Grade _____Description

0: Normal
1: Questionable | Doubtful narrowing of joint space and possible osteophytic

lipping

2: Mild Definite osteophytes and possible narrowing of joint space

3: Moderate Moderate multiple osteophytes, definite narrowing of joint space,
some sclerosis, and possible deformity of bone ends

4: Severe Large osteophytes, marked narrowing of joint space, severe

sclerosis, and definite deformity of bone ends

by determining the angulation between its proximal and distal
poles on sagittal CT scans. An indication of abnormal post-
operative scaphoid alignment was set at a LISA measurement
exceeding 45° (22-24).

Union

The union was defined as trabecular continuity across the
reconstruction site and the disappearance of the fracture gap
seen on at least on four neighboring slices on 2-mm thick
reconstructions in the coronal and sagittal planes defined by the
long axis of the scaphoid in the CT scan with a minimal follow-
up of 3 months (11). The consolidation seen or supposed on the
radiograms was not considered as a validated union and,
therefore, had to be confirmed with CT scans.

Functional outcome and scores

The hand function was measured with a hand rehabilitation
system by Biometrics Ltd. (EP11 system) with dedicated E-LINK
computer software. The range of motion was measured with a
precise electronic goniometer.

In the post-operative assessment, we used the DASH (24) and
Green and O’Brien scores. Furthermore, the patients were asked to
describe the rest pain of the wrist within one week prior to the
examination and pain under load during examination using the
Numeric Rating Scale (NRS) ranging from 0 to 10 (0: no pain,
10: intolerable pain).

Statistical method

The distribution of metric variables among independent groups
was compared using the Shapiro-Wilk test. If the assumption of
normality was rejected, the Mann-Whitney U-test (MWU) was
employed to compare two independent samples. Frequency
distributions of categorical variables between independent groups
were analyzed using either the chi-square test or Fisher’s exact
test, depending on the sample size within subgroups. The
McNemar test was applied to paired categorical data to assess
significant differences in the proportions of dichotomous
outcomes before and after an intervention. All tests were two-
sided, with statistical significance defined at a level of p <0.05.
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All analyses were conducted using the R statistical package,
version 4.4.2.

Results

Of the 52 patients, 50 were men, and only two were women.
Their average age at the time of the secondary scaphoid
reconstruction was 29.5 years (with a range of 15-61 years of
age). In one case, the index trauma of the wrist was not
remembered. 25 patients were non-smokers at the time of the
secondary intervention, 17 of them were smokers, and this data
was not available for 10 patients. The average time between
trauma and the second operation was 23.43 months (with a
range of 4.5 months to 12.91 years).

In summary, the indication was primarily made to reduce pain
(in 40 patients), postpone the arthrosis of the wrist in patients with
few symptoms (12 patients), and in all cases, to maintain the best
possible wrist function. In 26 patients, the previous operation was
performed using a cortico-cancellous bone graft from the iliac crest
and a compression screw; in one patient, it was done with a
pedicled vascularized bone graft from the distal radius and a
K-wire, and in 25 patients, osteosynthesis with a compression screw
was performed. Three patients underwent 2 scaphoid reconstructions.

In revision surgery, 17 patients underwent a bone grafting with
iliac crest, supplemented with K-wire in 4 cases, with compression
screw in 6 cases and without hardware (Matti-Russe) in 7 cases.
Pedicled vascularized bone graft from the distal radius was used
in re-reconstructions in 26 cases: in 9 cases with K-wire, in 12
cases with compression screw and in 5 cases without hardware.
Reconstruction with free vascularized bone graft from the medial
femoral condyle was performed in 9 patients: one without
hardware, three with a compression screw and five with K-wire.

The radiological follow-ups ranged from 3 months (in 2 cases)
to 153 months, with an average of 31.6 months. The clinical follow-
ups for patients who participated in the clinical examination
ranged from 1.2 to 13.4 years, with an average of 8.4 years.

Union and radiological outcome

Preoperative proximal pole non-union was documented in 20
patients, accounting for 38.5% of the total 52 patients, while
waist non-union was observed in 32 patients, making up 61.5%
of the total. Among the 20 patients with the proximal pole
lesion, complete consolidation was documented in eight patients,
which represents 40% of the cases. On the other hand, among
the 32 patients with scaphoid waist non-union, complete
consolidation was observed in 22 patients, accounting for 68.75%
of the cases. The chi-square test comparing the two groups
yielded a p-value of 0.04.

The average time of consolidation reached 3.73 months, with a
range of 2.9-8 months.

The data indicate that the median age of patients who achieved
union was 23 years (Q1-Q3 =19.5-32.5), compared to 27 years
(Q1-Q3 =22-41) for those who did not achieve union. Although
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patients who achieved union tended to be younger, this difference
was not statistically significant (MWU, p=0.095). Furthermore,
the interval between the trauma and the second attempt at
scaphoid reconstruction did not significantly influence the union
rate (MWU, p=0.2115) (Table 2).

The type of graft used—non-vascularized bone graft,
vascularized pedicled bone graft, or free vascularized bone graft—
did not have a significant impact on union outcomes (Fisher’s
exact test, p =0.616). Similarly, the method of osteosynthesis did
not show a statistically significant effect on union rates (Fisher’s
exact test, p =0.827) (Table 3).

The presence of AVN did not significantly affect the likelihood
of achieving union (chi-square test, p=0.42), which may be
attributable to the overall complexity of the cases included.
Similarly, smoking status showed no significant association with
union rates (Fisher’s exact test, p=0.582). Preoperative carpal
instability, classified according to the Mayo system as Mayo I or
Mayo II, also had no significant impact on union rates in this
cohort (chi-square test, p=0.304). Furthermore, prior surgical
interventions—whether limited to osteosynthesis or involving
reconstruction—did not significantly influence union rates

10.3389/fsurg.2025.1454101

(chi-square test, p=0.974) (Table 3). Consistent results were
observed in subgroup analyses of patients with proximal pole
and scaphoid waist nonunions (Table 4).

Descriptively, in cases of proximal pole nonunion, we observed
that scaphoid reconstruction using a free vascularized bone graft
from the medial femoral condyle resulted in a relatively low
consolidation rate of 25%. Furthermore, in cases with AVN
(avascular necrosis), 77.8% of the secondary operations failed to
achieve consolidation, whereas 54.5% of cases without AVN were
successful. A trend was descriptively observed regarding smoking
status and the consolidation of proximal pole non-unions. In
smokers, 20% of cases showed consolidation, while in non-smokers,
the consolidation rate was 44.4% (Table 4). Although this difference
might suggest a potential influence of smoking on the healing
process, it was not statistically significant in the small patient group.

In contrast, the outcomes for patients with nonunion in the
scaphoid waist appeared promising (vs. proximal pole, chi-square
test, p-value =0.04), with union rates of approximately 64.3% for
non-vascularized grafts, 69.2% for pedicled vascularized bone
grafts from the distal radius, and up to 80% for free femoral
condyle grafts (Table 4).

TABLE 2 Comparison of age as well as time between trauma and secondary surgery based on union.

Patient characteristics Union | Number Mean SD Median Q3 | max. p-value (MWU)
Age (years) Yes 22 2652 | 943 | 15 | 195 23 325 | 53 0.095

No 30 31.86 | 1251 | 16 | 22 27 41 61
Time between trauma and secondary surgery (months) | Yes 22 7159 | 26591 | 45 | 858 12.53 20.07 | 1,290 0.2115

No 30 15849 | 41361 | 487 | 1168 | 1663 | 42.04 | 15386

status; SD, standard deviation; min, minimum; QI, first quartile; Q3, third quartile; max, maximum; MWU, Mann-Whitney U-test.

TABLE 3 Comparison of union outcomes after scaphoid reconstructions following failure of primary surgery based on graft type, osteosynthesis,
presence of avascular necrosis, smoking status, nonunion status according to mayo classification, prior operation, and localization of nonunion,

including statistical analysis and corresponding p-values.

Variable

Union after secondary
reconstruction

no

n=22

yes
n=30

% %

number

number

Graft type Non-vascularized bone graft from iliac crest 6 35,29 11 64,71 | 0.616 (Fisher exact test)
Vascularized pedicled bone graft from distal radius 12 46,15 14 53,85
Free vascularized bone graft from the medial femoral condyle 4 44.44 5 55.56

Osteosynthesis No 5 38,46 8 61,54 | 0.827 (Fisher exact test)
Compression screw 9 42,86 12 57,14
K-wire 8 44,44 10 55,56

AVN No 15 38,46 24 61,54 0.42 (chi-square)
Yes 7 53,85 6 46,15

Smoking No data 5 50 5 50 0.582 (Fisher exact test)
No 10 40 15 60
Yes 7 41,18 10 58,82

Classification of pseudoarthrosis | Mayo I 11 47,83 12 52,17 0.304 (chi-square)
Mayo II 11 37,93 18 62,07

Prior operation Only osteosynthesis 11 42,31 15 57,69 0.974 (chi-square)
Reconstruction 11 42,31 15 57,69

Localization Proximal pole 12 60,00 8 40,00 0.041 (chi-square)
Scaphoid waist 10 31,25 22 68,75
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TABLE 4 Comparison of union outcomes after scaphoid reconstructions following failure of primary surgery in separate groups of proximal pole and
scaphoid waist nonunions based on graft type, osteosynthesis, and presence of avascular necrosis (AVN), including statistical analysis and

corresponding p-values.

Proximal pole nonunion

Union after secondary
proximal pole reconstructions

p-value (Fisher exact test)

Non=12 Yesn=28
Number | % | Number | %
Graft type Non-vascularized bone graft from iliac crest 1 333 2 66.7 0.65
Vascularized pedicled bone graft from distal radius 8 61.5 5 38.5
Free vascularized bone graft from the medial femoral condyle 3 75.0 1 25.0
Osteosynthesis | No 3 50.0 3 50.0 1
Compression screw 4 66.7 2 333
K-wire 5 62.5 3 37.5
AVN No 5 45.5 6 54.5 0.2
Yes 7 77.8 2 22.2

Scaphoid waist nonunion

Union after secondary p-value (Fisher exact test)

scaphoid waist reconstructions

No n =10 Yes n=22
number = % | number @ %
Graft type Non-vascularized bone graft from iliac crest 5 35.7 9 64.3 0.89
Vascularized pedicled bone graft from distal radius 4 30,8 9 69,2
Free vascularized bone graft from the medial femoral condyle 1 20.0 4 80.0
Osteosynthesis | No 2 286 5 71.4 1
Compression screw 5 33.3 10 66.7
K-wire 3 30.0 7 70.0
AVN No 10 35.7 18 64.3 0.27
Yes 4 100

Scaphoid alignment

Preoperatively, 15 patients presented with scaphoid humpback
deformity (LISA > 45°). the
successfully corrected in 9 cases, while 6 scaphoids remained
misaligned.  Additionally, 2 scaphoids with preoperative
LISA <45° and 1
malunion following revision surgery. Data were missing for 3

Postoperatively, deformity was

worsened  postoperatively, developed a
cases. Statistical analysis (McNemar’s Test, p=0.0348) indicates
that scaphoid humpback deformity was successfully addressed in
a subset of patients.

Carpal alignment

Preoperatively, DISI was frequently observed and classified as
Stage II (unstable nonunion) according to the Mayo classification
in 29 of 52 patients. Long-term correction of DISI was achieved in
only 6 of these cases, while 5 patients with preoperative stable
nonunion progressed to instability. All patients who demonstrated
improvement in carpal alignment achieved union. The distribution
of carpal misalignment pre- and postoperatively suggests that DISI
was not corrected across the entire patient cohort (McNemar’s
Test, p=0.763). However, among patients who achieved union
after the most recent scaphoid reconstruction (N = 30), there was a
significant reduction in the frequency of DISI post-revision
surgery (McNemar’s Test, p = 0.0143).
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To facilitate realignment, Linscheid’s maneuver was performed

in 19 patients. In cases of taut pseudarthrosis without

misalignment, direct stabilization was prioritized.

Preoperative arthrosis score

The preoperative arthrosis grade in the scaphoid fossa, assessed
using the Kellgren-Lawrence scale, had a mean value of 0.52 (range
0-2), with only two patients exhibiting grade 2 arthrosis. In
contrast, no arthrosis was observed in the lunate fossa across
any patients.

Clinical outcome and postoperative
arthrosis score

22 patients were willing to participate in the follow-up clinical
examination of the wrist and to fill in the questionnaire. 3 patients
sent back the completed questionnaire without taking part in the
clinical examination. 15 patients with documented union
(Figures 2, 3) and 7 patients with re-nonunion (Figures 4, 5)
were examined. Due to the limited number of patients available
for clinical follow-up examinations, the results have been
presented descriptively.

The patients with re-nonunion were informed about the

possibility of further operative treatment, such as four-corner
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FIGURE 2

Preoperative CT scans of the patients 1.5 years after a failed osteosynthesis with compression screw showing a site of nonunion: (A) in coronal and
(B) in sagittal projections. Scaphoid reconstruction has been performed (See Figure 2).

FIGURE 3

The same patient 8 months after scaphoid re-reconstruction with a cancellous bone graft from the iliac crest and vascularized bone graft pedicled on
the volar carpal artery (kuhlmann), which shows a complete union of the scaphoid: (A) in coronal and (B) in sagittal projections

fusion. In cases with suspected arthrosis in the lunate fossa,
diagnostic arthroscopy was proposed. However, only one patient
was willing to undergo an arthroscopy.

In the non-union group, the average range of motion in pronation/
supination was 170° (99% of the healthy wrist), in extension/flexion
114° (91% of the healthy wrist), and in ulnar/radial abduction 38°
(78% of the healthy wrist). The average complete range of motion

Frontiers in Surgery

(cROM) reached 321°, which was 93% of the unaffected wrist. The
average hand grip strength reached 46 kg (range 37.6-59.3),
accounting for 89% of the grip strength of the unaffected wrist.
According to the Green and O’Brien wrist score, 4 patients had
good outcomes, and 3 patients had fair outcomes. The average
DASH score was 10, ranging from 3 to 33. Only one patient
experienced wrist pain without load and rated it at 2 on the NRS
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FIGURE 4

Preoperative CT scans of the patients 5 months after a failed scaphoid reconstruction with a cortico-cancellous bone graft from the iliac crest and a
compression screw showing a site of nonunion: (A) in coronal and (B) in sagittal projections. Scaphoid reconstruction has been performed (See Figure 4).

FIGURE 5

sagittal projections

The same patient 20 months after scaphoid reconstruction with a free vascularized bone graft from the medial femoral condyle, which shows a
relapse of nonunion of the scaphoid with fragmentation of the proximal pole and progression of osteoarthrosis: (A) in coronal and (B) in

scale (ranging from 0 to 2, with an average of 0.3 for all patients
with non-union). Only one patient had no pain under load. NRS
under load averaged 2.4 and ranged between 1 and 5. The
average postoperative arthrosis grade on the Kallgren-Lawrence
scale in the scaphoid fossa was 2.25 (ranging from 1 to 3), and
in the lunate fossa, it was 0.75 (ranging from 0 to 2).

Frontiers in Surgery

In the group of patients with a successful outcome of the
operation in terms of union, the average range of motion in
pronation-supination reached 169°, the extension-flexion arc of
motion was 112°, and the radial-ulnar abduction was 40°. These
values represented 98%, 81%, and 72% of the corresponding
ranges of motion of the healthy wrist, respectively. The complete

frontiersin.org


https://doi.org/10.3389/fsurg.2025.1454101
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Rachunek-Medved et al.

range of motion averaged 321°, which represented 87% of the
cROM of the unaffected wrist. Average hand grip strength
reached 42 kg (ranging from 25.2 to 59.7), accounting for 87.9%
of the grip strength of the unaffected wrist.

According to the Green and O’Brien wrist score, one patient had
an excellent outcome, four patients recorded good outcomes, eight
patients had fair outcomes, and two patients had poor outcomes.
The last two patients did not have DISI deformity, and their
arthrosis progressed minimally from grade 0 to grade 1 in the
scaphoid fossa. However, one of them presented a complication in
the form of a large exostosis following a vascularized
reconstruction with a free vascularized bone graft from the medial
femoral condyle. The average DASH score was 11, ranging from 0
to 67. The patient with the highest DASH score and strongest
pain under load (rated 9 on NRS) suffered from a painful
exostosis, as mentioned before. The pain at rest of the affected
wrist was estimated to be an average of 0.3 on the NRS scale,
ranging between 0 and 3. Twelve patients had no pain at rest.
Pain under load was reported by 12 patients (out of 15), ranging
between 0 and 9 on the NRS scale, with an average of 3.5.

The average arthrosis grade on the Kallgren-Lawrence scale in
the scaphoid fossa reached 0.75 (ranging from 0 to 2), and in the
lunate fossa, it was 0.06 (ranging from 0 to 1).

Discussion

We conducted a thorough analysis of the outcomes from our
study, which focused on a population of patients who underwent
scaphoid revision surgery. This type of sample is rarely studied,
making our findings particularly valuable. The study revealed
that only 40% of surgical revisions for proximal pole non-union
succeeded in terms of union, while secondary reconstructions in
the scaphoid waist showed a higher success rate of 68.75%. This
(p=0.04)
experiences. In cases of proximal pole non-unions with AVN, the

significant  difference aligns with our clinical
union rate was descriptively even lower as it was achieved in
only 22.2% of patients. Interestingly, vascularized grafts showed
descriptively more favorable results in the reconstructions of
scaphoid waist non-unions, which was not observed in cases of
proximal pole non-unions. This difference may be attributed to
the coexistence of severe AVN in the latter group.

For cases of successful scaphoid reconstructions after failure of
primary surgery with documented union, the clinical outcomes
were favorable, with cROM reaching 87% of the healthy wrist
and hand grip strength accounting for 87.9% of the unaffected
hand. Surprisingly, the clinical outcomes of patients with
nonunion after secondary surgery were descriptively similar
(cROM reaching 93% and hand grip strength accounting for 89%
of the unaffected wrist, respectively). However, the arthrosis
grade in the scaphoid and lunate fossa was descriptively higher
in this group, potentially leading to worsening conditions in the
long term. The favorable clinical outcomes in terms of ROM and
grip strength, as well as lower arthrosis rates support the decision
for scaphoid re-reconstruction in this very young and active

study population, with an average age of 29.5 years old.
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According to the meta-analysis conducted by Merrell et al,
there is a trend towards improved union rates with vascularized
grafts over non-vascularized grafts with screw fixation (94%
union in 35 patients vs. 81% union in 26 patients) in case of
revision surgeries of the scaphoid (25). These findings appear to
align with our observations in the case of re-reconstructions of
waist non-unions. However, in the cited meta-analysis, there was
no differentiation between the region of the lesion, which, in our
opinion, can influence the union rate even more than the
operating technique does. That meta-analysis included studies
that used vascularized grafts for treatment of previously failed
surgeries in the case of 5 or fewer patients with a range of union
from 0% to 100% (12-14, 26-29). Another study conducted by
Preisser et al. examined 25 patients with a relapse of non-union
after previous reconstruction with cancellous bone graft (with or
without fixation screw) (15). The patients were treated with
repeated non-vascularized iliac crest grafts (10 with hardware
and 15 without according to Matti-Russe technique) (15). The
authors reported a 64% union rate, but did not report on the
exact localization of non-union. Furthermore, a long-term study
was conducted by Reigstad et al., who examined 18 patients with
a recurrence of non-union after previous non-vascularized
reconstructions (30). Eleven of the non-unions were in the
middle, and seven were in the proximal third of the scaphoid.
The authors reported that 16 of the 18 non-unions healed
(88.8%); however, in two cases, a third attempt was necessary to
achieve consolidation. The mean DASH was 18 and VAS score
reached 21/100 respectively. The data regarding the patients’
reported outcomes are slightly worse than ours (DASH 11), but
the difference could result from a longer follow-up by Reigstad
et al. (min. 8'y.). Bynum et al. conducted a study on a cohort of
15 patients who had undergone repeated Russe bone grafting
following previous procedure failures (31). The results revealed
that eight out of the 15 patients (53%) achieved union. Notably,
the study comprised a high percentage (86.7%) of waist non-
unions, with only two cases involving proximal pole non-union.

The union rate in proximal pole lesions was significantly lower
compared to waist lesions (p = 0.04). In fact, only 40% of proximal
pole non-unions showed consolidation in CT scans. This raises the
question of exploring alternative treatments for these patients,
including salvage procedures such as four-corner fusion. Hence,
with
arthroscopy is crucial for reevaluating the cartilage damage in the

a comprehensive preoperative diagnostic assessment
wrist. Despite a larger reduction in wrist motion, the union rate

after four-corner fusion appears to be more predictable.
According to the meta-analysis conducted by Andronic et al., the
average union rate can reach 91% (range: 76%-100%) (32). The
same authors reported a conversion to total wrist fusion (TWF)
in 6% of cases on average (range: 0%-20%). On the other hand,
Reigstad et al. observed a higher conversion rate to TWE,
reaching 33% of cases during a follow-up of 11 (4-19) years after
surgery (33). Possibly the decision to undertake salvage operation
instead of reconstruction in case of recalcitrant proximal pole
non-union should be postponed and the indication of four-
corner fusion in scaphoid non-union cases should be limited to

older patients and those with lower demand.
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Our study demonstrated that humpback deformity can be
effectively corrected through revision surgery (p=0.035), with
improvements in DISI also achievable when union is attained
(p=0.014). This finding is particularly significant, as scaphoid
malunion is associated with reduced functional outcomes, and
correcting the deformity may enhance the chances of achieving
union (6, 23, 34). However, addressing chronic misalignment
surgery
underscoring the importance of precise graft shaping. In a study

during  revision remains a complex challenge,
on the “butterfly bone graft,” a modification of the Matti-Russe
technique, researchers reported excellent outcomes, including
proper repositioning and a 100% healing rate in cases of
humpback deformity (35). The graft in this technique features a
central axis connecting the proximal and distal poles of the
scaphoid, with two wedge-shaped “wings” in the middle third to
aid in correction. The lower union rates observed in our study
may be explained by the inclusion of patients with prior surgical
interventions, a group excluded in the “butterfly bone graft”
study. Given the unique shape of the scaphoid and the critical
need for precise anatomical reconstruction during surgery,
further innovative approaches are being developed. These
encompass a spectrum of approaches, including guiding
templates for K-wire fixation planned using 3D models derived
from CT scans, as well as the individualized 3D modeling of
bone grafts (36-38). Schweizer et al. reported significantly
improved anatomical reconstruction outcomes using a two-part
reconstruction template with designated spaces for K-wire
placement. This template, based on a CT-mirrored model of the
contralateral scaphoid, yielded superior repositioning results
compared to the traditional freehand technique (39).

OKki et al. designed a custom plate for reconstructing scaphoid
nonunion in cases with pre-existing screws (40). Their approach
involved preoperative planning based on a mirrored model of
the unaffected scaphoid, employing surface reconstruction at
the nonunion site and fabricating the plate with a three-
dimensional (3D) printer. This customized plate facilitated
surgery by enabling precise prediction of fragment reduction,
gap size, implant positioning, and screw orientation in complex
scaphoid fractures with pre-existing screws (40). Furthermore,
in a biomechanical study, Mandaleson et al. evaluated various
fixation techniques using a scaphoid nonunion model with
bone loss. Their findings demonstrated that both plate fixation
and double

stability, stiffness, and energy absorption compared to a single

screw fixation provided significantly greater
compression screw (41).

Houdek et al. and Taylor et al. described the use of preoperative
printed templates based on 3D scaphoid models for the accurate
intraoperative harvesting of osteochondral free femoral condyles
(37, 38). These templates ensured proper alignment of the
chondral surface within the radiocarpal joint, minimizing the
need for intraoperative re-contouring. Such methods have
demonstrated potential to enhance repositioning outcomes,
particularly in complex cases. However, these techniques have
not yet been implemented in our study.

An alternative approach to improving outcomes in scaphoid
waist nonunion is osteosynthesis using shape memory staples
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(SMS) augmented with gelled platelet-rich plasma (GPRP). De
Vitis et al. reported union rates of 95.2% in the SMS-only group
and 100% in the SMS + GPRP group, though the difference was
not statistically significant (42). Notably, the SMS + GPRP group
demonstrated significant improvements in functional outcomes,
including the Mayo Wrist Score, QuickDASH score, and pain
levels as measured by the visual analog scale (VAS), at three
months postoperatively (p=0.02). Patients with prior scaphoid
surgery, gaps greater than 2 mm, scaphoid shortening, or
humpback deformity were excluded from the study. In a separate
study, De Vitis et al. investigated the role of GPRP in the
fixation of subacute proximal pole scaphoid fractures (43). They
observed union rates of 85.7% in the screw fixation-only group
and 100% in the screw fixation + GPRP group, though this
difference was not statistically significant. However, patients in
the GPRP group achieved significantly faster healing times (2.3
months vs. 3.1 months, p=0.0001) and an earlier return to work
(10.4 weeks vs. 15.1 weeks, p =0.0001).

Zhong et al. evaluated the effects of platelet-rich plasma (PRP)
in the management of scaphoid nonunion across three groups:
bone graft with screw fixation, screw fixation alone, and screw
fixation augmented by PRP. Their study, which included patients
with minimal sclerosis and bone resorption less than 5 mm,
found that the PRP group exhibited lower VAS values and higher
Mayo Wrist Scores at three months postoperatively (44). The
patient cohort in our study presented with more challenging
nonunions, including prior surgical interventions, rendering these
described methods less applicable. Nevertheless, the additional
application of PRP to classical reconstruction with bone grafts
could potentially serve as a valuable adjunct. To date, only small
case series have been conducted in this context, highlighting the
need for further investigation (45).

When considering revision surgery, it is essential to assess also
classical risk factors for scaphoid non-union after reconstruction,
such as AVN. Ditsios et al. evaluated healing rates for
vascularized grafts (1,2- Intercompartmental Supraretinacular
Artery-Based Vascularized Graft) in case of proximal pole AVN
and showed that the union was 2,91 times more probable when
there wasn’t proximal pole AVN and 10,06 times more probable
for non-smokers (46). In the newest metanalysis of Duncumb
et al. the consolidation rate was also significantly greater in
studies, which excluded the proximal pole non-unions and these
with AVN (95,6% vs. 86,8%) (47). No significant difference was
observed in wunion rates between vascularized and non-
vascularized grafts and between any of the fixation techniques
used in the included studies. The method of osteosynthesis from
the primary procedure additionally impact the potential choices
for the second intervention (such as osteolysis around a failed
internal screw), which may have resulted in the lower rates of
bony consolidation. The lower union rates observed in our study
can be attributed to the fact that we specifically focused on
revision surgeries and included a high percentage of cases with
AVN. Furthermore, in certain cases, no hardware (25% of cases),
or only K-wire (34.6%) was used in the secondary reconstructions.

Although our analysis of a small patient cohort did not
demonstrate a statistically significant effect of smoking on
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nonunion, descriptive observations revealed a

scaphoid
consolidation rate of 20% in smokers compared to 44.4% in non-
smokers for proximal pole nonunions. Reports based on larger
patient populations indicate that smoking negatively impacts

union rates in scaphoid nonunions (34, 46, 48, 49).
Konstantinidis et al., in their meta-analysis of 18 studies
comparing 335 smokers to 136 non-smokers, found that

scaphoid non-union healing was significantly more likely in non-
smokers (OR=5.54, p<0.001) (50). However, they did not
observe an effect of smoking cessation on union rates. In
contrast, Iwamae et al. investigated the influence of extracts from
combustible cigarettes in an in vivo rat model (51). They
reported significantly higher cortical bone mineral density
(p=0.013), content (p=0.013), and a higher bone union score
(p =0.046) at the fracture site in the cessation group.

The study has limitations inherent to its retrospective design
and small cohort, given the rarity of revision scaphoid surgery.
First, surgical heterogeneity—including variable fixation (K-wires,
screws, no hardware) and graft choices (vascularized vs. non-
vascularized)—likely influenced outcomes, as standardized
protocols for revision techniques are lacking. Second, selection
bias may exist, as patients undergoing reconstruction (vs. salvage
procedures) may have had better baseline vascularity or simpler
defects, limiting generalizability. Third, the impact of surgeon
learning curve was unaddressed; outcomes may improve with
experience in complex techniques like vascularized grafts.
Moreover, the pre-operative functional data was limited, and
there were instances of missing NRS scores regarding pain,
making it impossible to directly compare the condition before
and after surgery. Additionally, not all patients received clinical
follow-up after the surgery, and the duration of clinical follow-up
might have been relatively short in some cases (minimum 1.2
years; average 8.4 years) to effectively demonstrate the differences
between the groups with achieved union and those with
failed reconstruction.

The outcomes of scaphoid reconstruction following a failed
prior surgical attempt are primarily influenced by the location of
the non-union, with significantly lower union rates observed in
cases involving the proximal pole. Due to the lower union rates
associated with proximal pole non-unions, the decision to pursue
should be

individualized for each patient. For individuals presenting with

secondary  scaphoid  reconstruction carefully
additional risk factors for scaphoid non-union—such as smoking,
(AVN),

alternative wrist salvage procedures like four-corner fusion,

avascular necrosis or low functional demands—
which offer more predictable consolidation rates, should be
considered and discussed. Prospective studies comparing long-
(e.g.

secondary

term outcomes arthritis

of
procedures (e.g., four-corner fusion) in proximal pole non-

progression, patient-reported

function) reconstruction vs. early salvage
unions could refine decision-making paradigms. Future studies
should adopt uniform metrics for reporting outcomes (e.g.,
union criteria, functional scores) to facilitate meta-analyses and
reduce heterogeneity in evidence synthesis. The role of adjunctive
further

exploration in this context. While preliminary studies have

therapies, such as Platelet-Rich Plasma warrants
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demonstrated that PRP may enhance bone healing and improve
functional outcomes in select groups of patients, its efficacy in
more challenging cases, such as those with AVN or extensive
bone resorption, remains unclear. Future clinical trials should
evaluate the benefits of PRP application when combined with
traditional reconstruction techniques, such as vascularized bone
grafts or advanced fixation methods. Future research should
focus on further validating the efficacy of 3D modeling and
custom templates in improving outcomes for

scaphoid

reconstruction, particularly in complex nonunion cases.
Comparative studies evaluating these innovative techniques
against traditional methods could provide valuable insights into
their advantages in terms of anatomical accuracy, union rates,
functional integrating  these
with PRP

bioengineered grafts, may offer synergistic benefits and should be

and recovery.  Additionally,

approaches adjunctive therapies, such as or
explored. Finally, efforts to streamline the accessibility and cost-
effectiveness of these advanced technologies will be critical for

their broader clinical adoption.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Institutional
Review Board of the Eberhard Karls University of Tuebingen,
Gartenstrafle 4772074 Tibingen, Germany. The studies were
accordance with the
Written
participation was not required from the participants or the

conducted in local legislation and

institutional requirements. informed consent for
participants’ legal guardians/next of kin in accordance with the

national legislation and institutional requirements.

Author contributions

KR-M: Conceptualization, Formal analysis, Methodology,
Supervision, Writing — original draft, Writing - review & editing.
CI: Data curation, Resources, Software, Supervision, Writing —
review & editing. AE: Conceptualization, Formal analysis,
Investigation, Writing — review & editing. JT: Conceptualization,
Writing - review & editing. AD: Writing - review & editing. FM:
Data
Writing - original draft, Writing - review & editing.

curation, Formal analysis, Investigation, Supervision,

Funding

The author(s) declare that financial support was received for
the research and/or publication of this article. We acknowledge

frontiersin.org


https://doi.org/10.3389/fsurg.2025.1454101
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Rachunek-Medved et al.

support from the Open Access Publication Fund of the University
of Tubingen.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

References

1. Alshryda S, Shah A, Odak S, Al-Shryda J, Ilango B, Murali SR. Acute fractures of
the scaphoid bone: systematic review and meta-analysis. Surgeon. (2012) 10:218-29.
doi: 10.1016/j.surge.2012.03.004

2. KuBBmaul AC, Kuehlein T, Langer MF, Ayache A, Léw S, Unglaub F. The
conservative and operative treatment of carpal fractures. Dtsch Arztebl Int. (2024)
121:594-600. doi: 10.3238/arztebl.m2024.0102

3. Dias JJ, Brenkel IJ, Finlay DBL. Patterns of union in fractures of the waist of the
scaphoid. J Bone Joint Surg Br. (1989) 71:307-10. doi: 10.1302/0301-620x.71b2.
2925752

4. Pinder RM, Brkljac M, Rix L, Muir L, Brewster M. Treatment of scaphoid
nonunion: a systematic review of the existing evidence. ] Hand Surg Am. (2015)
40:1797-1805.€3. doi: 10.1016/j.jhsa.2015.05.003

5. Al-Jabri T, Mannan A, Giannoudis P. The use of the free vascularised bone graft
for nonunion of the scaphoid: a systematic review. J Orthop Surg Res. (2014) 9:21.
doi: 10.1186/1749-799X-9-21

6. Rachunek-Medved K, Illg C, Einzmann A, Kolbenschlag J, Daigeler A, Medved F.
Patient-reported outcomes and comprehensive assessment of wrist function after
scaphoid reconstruction: a single-center retrospective study on 162 patients. ] Plast
Reconstr Aesthet Surg. (2024) 99:297-309. doi: 10.1016/j.bjps.2024.09.071

7. Chang MA, Bishop AT, Moran SL, Shin AY. The outcomes and complications of
1,2-intercompartmental supraretinacular artery pedicled vascularized bone grafting of
scaphoid nonunions. ] Hand Surg Am. (2006) 31:387-96. doi: 10.1016/j.jhsa.2005.10.
019

8. Jones DB, Rhee PC, Bishop AT, Shin AY. Free vascularized medial femoral
condyle autograft for challenging upper extremity nonunions. Hand Clin. (2012)
28:493-501. doi: 10.1016/j.hcl.2012.08.005

9. Rao SS, Sexton CC, Higgins JP. Medial femoral condyle flap donor-site morbidity:
a radiographic assessment. Plast Reconstr Surg. (2013) 131:357e-62e. doi: 10.1097/
PRS.0b013e31827¢6{38

10. Zeman-Kuhnert K, Gaggl AJ, Brandtner C, Wittig-Draenert Al, Bottini GB,
Wittig J. Donor site morbidity after microvascular medial femoral condylar flap
procurement for facial reconstruction. Int J Oral Maxillofac Surg. (2020) 49:569-75.
doi: 10.1016/j.ijom.2019.11.006

11. Dustmann M, Bajinski R, Tripp A, Giilke J, Wachter N. A modified matti-russe
technique of grafting scaphoid non-unions. Arch Orthop Trauma Surg. (2017)
137:867-73. doi: 10.1007/s00402-017-2680-4

12. Guimberteau JC, Panconi B. Recalcitrant non-union of the scaphoid treated with
a vascularized bone graft based on the ulnar artery. J Bone Jt Surg. (1990) 72:88-97.
doi: 10.2106/00004623-199072010-0001

13. Carrozzella JC, Stern PJ, Murdock PA. The fate of failed bone graft surgery
for scaphoid nonunions. ] Hand Surg Am. (1989) 14:800-6. doi: 10.1016/S0363-
5023(89)80078-4

14. Smith BS, Cooney WP. Revision of failed bone grafting for nonunion of the
scaphoid: treatment options and results. Clin Orthop Relat Res. (1996) 327:98-109.
doi: 10.1097/00003086-199606000-00015

15. Preisser P, Rudolf KD, Partecke BD. Persistent scaphoid pseudarthrosis after
surgical treatment: results of repeated bone transplantation. Handchir Mikrochir
Plast Chir. (1999) 31:187-95. doi: 10.1055/s-1999-13520

16. Green DP. The effect of avascular necrosis on russe bone grafting for scaphoid
nonunion. ] Hand Surg Am. (1985) 10:597-605. doi: 10.1016/S0363-5023(85)80191-X

17. Falck Larsen C, Mathiesen FK, Lindequist S. Measurements of carpal bone
angles on lateral wrist radiographs. J Hand Surg Am. (1991) 16:888-93. doi: 10.
1016/S0363-5023(10)80156-X

18. Larsen CF, Stigsby B, Lindequist S, Bellstrom T, Mathiesen FK, Ipsen T.
Observer variability in measurements of carpal bone angles on lateral wrist
radiographs. ] Hand Surg Am. (1991) 16:893-8. doi: 10.1016/S0363-5023(10)80157-1

Frontiers in Surgery

12

10.3389/fsurg.2025.1454101

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their
those of the publisher, the
Any product that may be

affiliated organizations,
and the
evaluated in this article, or claim that may be made

or

editors reviewers.

by its manufacturer, is not guaranteed or endorsed by
the publisher.

19. Gilula LA, Mann FA, Dobyns JH, Yuming Y, Abe M, Adams BD, et al. Wrist:
terminology and definitions. J Bone Jt Surg. (2002) 84-A Suppl 1:1-73.

20. Sabbag K, Meals R. The wrist. Diagnosis and operative treatment. ] Hand Surg
Am. (2001) 26:165-6. doi: 10.1053/s0363-5023(00)90002-9

21. Addimanda O, Cavallari C, Pignotti E, Pulsatelli L, Mancarella L, Ramonda R,
et al. Radiographic involvement of metacarpophalangeal and radiocarpal joints in
hand osteoarthritis. Clin Rheumatol. (2017) 36:1077-82. doi: 10.1007/s10067-017-
3565-1

22. Jiranek WA, Ruby LK, Millender LB, Bankoff MS, Newberg AH. Long-term
results after russe bone-grafting: the effect of malunion of the scaphoid. J Bone Jt
Surg. (1992) 74:1217-28. doi: 10.2106/00004623-199274080-00012

23. Boe CC, Amadio PC, Kakar S. The management of the healed scaphoid
malunion: what to do? Hand Clin. (2019) 35:373-9. doi: 10.1016/j.hcl.2019.03.008

24. Amadio PC, Berquist TH, Smith DK, Ilstrup DM, Cooney WP, Linscheid RL.
Scaphoid malunion. J Hand Surg Am. (1989) 14:679-87. doi: 10.1016/0363-5023
(89)90191-3

25. Merrell GA, Wolfe SW, Slade JF. Treatment of scaphoid nonunions: quantitative
meta-analysis of the literature. ] Hand Surg Am. (2002) 27:685-91. doi: 10.1053/jhsu.
2002.34372

26. Fernandez DL, Eggli S. Non-union of the scaphoid. Revascularization of the
proximal pole with implantation of a vascular bundle and bone-grafting. J Bone Jt
Surg. (1995) 77:883-93. doi: 10.2106/00004623-199506000-00009

27. Gael M, Reinhart C, Lutz M, Bodner G, Rudisch A, Hussl H, et al. Vascularized
bone graft from the iliac crest for the treatment of nonunion of the proximal part of
the scaphoid with an avascular fragment. J Bone Joint Surg Am. (1999) 81:1414-28.
doi: 10.2106/00004623-199910000-00006

28. Mathoulin C, Haerle M. Vascularized bone graft from the palmar carpal artery
for treatment of scaphoid nonunion. ] Hand Surg Br. (1998) 23:318-23. doi: 10.1016/
$0266-7681(98)80049-1

29. Hori Y, Tamai S, Okuda H, Sakamoto H, Takita T, Masuhara K. Blood vessel
transplantation to bone. ] Hand Surg Am. (1979) 4:23-33. doi: 10.1016/S0363-5023
(79)80101-X

30. Reigstad O, Thorkildsen R, Grimsgaard C, Reigstad A, Rekkum M. Is revision
bone grafting worthwhile after failed surgery for scaphoid nonunion? Minimum 8
year follow-up of 18 patients. J] Hand Surg Eur Vol. (2009) 34:772-7. doi: 10.1177/
1753193409346093

31. Bynum EB, Culp RW, Bonatus TJ, Alexander CE, McCarroll HR. Repeat russe
bone grafting after failed bone graft surgery for scaphoid non-union. ] Hand Surg Am.
(1995) 20:373-8. doi: 10.1016/S0266-7681(05)80096-8

32. Andronic O, Nagy L, Burkhard MD, Casari FA, Karczewski D, Kriechling P,
et al. Long-term outcomes of the four-corner fusion of the wrist: a systematic
review. World J Orthop. (2022) 13:112-21. doi: 10.5312/wjo.v13.i1.112

33. Reigstad O, Holm-Glad T, Dovland P, Korslund J, Grimsgaard C, Thorkildsen
RD, et al. Progressing arthrosis and a high conversion rate 11 (4-19) years after
four corner fusion. J Plast Surg Hand Surg. (2021) 55:354-60. doi: 10.1080/
2000656X.2021.1898970

34. Rachunek-Medved K, Illg C, Einzmann A, Kolbenschlag J, Daigeler A, Medved
F. Postoperative scaphoid alignment, smoking, and avascular necrosis mostly influence
union rate after scaphoid reconstruction: results from a retrospective single center
study involving 370 patients. J Plast Reconstr Aesthet Surg. (2023) 87:430-9. doi: 10.
1016/j.bjps.2023.10.098

35. De Vitis R, Passiatore M, Perna A, Tulli A, Pagliei A, Taccardo G. Modified
matti-russe technique using a “butterfly bone graft” for treatment of scaphoid non-
union. J Orthop. (2020) 19:63-6. doi: 10.1016/j.jor.2019.11.030

36. Yin H-w, Xu J, Xu W-d. 3-dimensional printing-assisted percutaneous fixation
for acute scaphoid fracture: 1-shot procedure. ] Hand Surg Am. (2017) 42:301.el-e5.
doi: 10.1016/j.jhsa.2017.01.017

frontiersin.org


https://doi.org/10.1016/j.surge.2012.03.004
https://doi.org/10.3238/arztebl.m2024.0102
https://doi.org/10.1302/0301-620x.71b2.2925752
https://doi.org/10.1302/0301-620x.71b2.2925752
https://doi.org/10.1016/j.jhsa.2015.05.003
https://doi.org/10.1186/1749-799X-9-21
https://doi.org/10.1016/j.bjps.2024.09.071
https://doi.org/10.1016/j.jhsa.2005.10.019
https://doi.org/10.1016/j.jhsa.2005.10.019
https://doi.org/10.1016/j.hcl.2012.08.005
https://doi.org/10.1097/PRS.0b013e31827c6f38
https://doi.org/10.1097/PRS.0b013e31827c6f38
https://doi.org/10.1016/j.ijom.2019.11.006
https://doi.org/10.1007/s00402-017-2680-4
https://doi.org/10.2106/00004623-199072010-0001
https://doi.org/10.1016/S0363-5023(89)80078-4
https://doi.org/10.1016/S0363-5023(89)80078-4
https://doi.org/10.1097/00003086-199606000-00015
https://doi.org/10.1055/s-1999-13520
https://doi.org/10.1016/S0363-5023(85)80191-X
https://doi.org/10.1016/S0363-5023(10)80156-X
https://doi.org/10.1016/S0363-5023(10)80156-X
https://doi.org/10.1016/S0363-5023(10)80157-1
https://doi.org/10.1053/s0363-5023(00)90002-9
https://doi.org/10.1007/s10067-017-3565-1
https://doi.org/10.1007/s10067-017-3565-1
https://doi.org/10.2106/00004623-199274080-00012
https://doi.org/10.1016/j.hcl.2019.03.008
https://doi.org/10.1016/0363-5023(89)90191-3
https://doi.org/10.1016/0363-5023(89)90191-3
https://doi.org/10.1053/jhsu.2002.34372
https://doi.org/10.1053/jhsu.2002.34372
https://doi.org/10.2106/00004623-199506000-00009
https://doi.org/10.2106/00004623-199910000-00006
https://doi.org/10.1016/S0266-7681(98)80049-1
https://doi.org/10.1016/S0266-7681(98)80049-1
https://doi.org/10.1016/S0363-5023(79)80101-X
https://doi.org/10.1016/S0363-5023(79)80101-X
https://doi.org/10.1177/1753193409346093
https://doi.org/10.1177/1753193409346093
https://doi.org/10.1016/S0266-7681(05)80096-8
https://doi.org/10.5312/wjo.v13.i1.112
https://doi.org/10.1080/2000656X.2021.1898970
https://doi.org/10.1080/2000656X.2021.1898970
https://doi.org/10.1016/j.bjps.2023.10.098
https://doi.org/10.1016/j.bjps.2023.10.098
https://doi.org/10.1016/j.jor.2019.11.030
https://doi.org/10.1016/j.jhsa.2017.01.017
https://doi.org/10.3389/fsurg.2025.1454101
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Rachunek-Medved et al.

37. Houdek MT, Matsumoto JM, Morris JM, Bishop AT, Shin AY. Technique
for 3-dimesional (3D) modeling of osteoarticular medial femoral condyle
vascularized grafting to replace the proximal pole of unsalvagable scaphoid
nonunions. Tech Hand Up Extrem Surg. (2016) 20:117-24. doi: 10.1097/BTH.
0000000000000129

38. Taylor EM, Iorio ML. Surgeon-Based 3D printing for microvascular bone flaps.
J Reconstr Microsurg. (2017) 33:441-5. doi: 10.1055/s-0037-1600133

39. Schweizer A, Mauler F, Vlachopoulos L, Nagy L, Fiirnstahl P. Computer-assisted
3-dimensional reconstructions of scaphoid fractures and nonunions with and without
the use of patient-specific guides: early clinical outcomes and postoperative
assessments of reconstruction accuracy. ] Hand Surg Am. (2016) 41:59-69. doi: 10.
1016/j.hsa.2015.10.009

40. Oki S, Matsuo T, Furuhata R, Iwabu S. Scaphoid non-union with pre-existing
screws treated by 3D preoperative planning. BMJ Case Rep. (2021) 14:€239548.
doi: 10.1136/bcr-2020-239548

41. Mandaleson A, Tham SK, Lewis C, Ackland DC, Ek ET. Scaphoid fracture
fixation in a nonunion model: a biomechanical study comparing 3 types of fixation.
] Hand Surg Am. (2018) 43:221-8. doi: 10.1016/j.jhsa.2017.10.005

42. De Vitis R, Passiatore M, Perna A, Cinci GF, Taccardo G. Comparison of shape
memory staple and gelled platelet-rich plasma versus shape memory staple alone for
the treatment of Waist scaphoid nonunion: a single-center experience. Joints. (2019)
7:84-90. doi: 10.1055/s-0040-1710387

43. De Vitis R, Passiatore M, Perna A, Cilli V, Ponzo I, Taccardo G. Does the use of
gelled platelet-rich plasma during fixation of subacute proximal pole scaphoid
fractures help? - A single centre experience. ] Hand Surg Asian Pac Vol. (2022)
27:615-22. doi: 10.1142/52424835522500588

Frontiers in Surgery

13

10.3389/fsurg.2025.1454101

44. Zhong Z, Wei M, Jiang Z, Chen J, He Y, Lin K. Comparative effectiveness of three
treatment options for slade and dodds grade III-IV scaphoid nonunion: a retrospective
study. BMC Musculoskelet Disord. (2023) 24:204. doi: 10.1186/s12891-023-06320-1

45. Aslam MZ, Ip ], Ahmed SK, Fung B. Role of platelet rich plasma in fracture non-
union of scaphoid - case series. ] Pak Med Assoc. (2021) 71 (Suppl 5)(8):S103-6.

46. Ditsios K, Konstantinidis I, Agas K, Christodoulou A. Comparative meta-
analysis on the various vascularized bone flaps used for the treatment of scaphoid
nonunion. J Orthop Res. (2017) 35:1076-85. doi: 10.1002/jor.23242

47. 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:549-58. doi: 10.1302/0301-
620X.104B5.B]]-2021-1114.R1

48. Zura R, Xiong Z, Einhorn T, Watson JT, Ostrum RF, Prayson M]J, et al.
Epidemiology of fracture nonunion in 18 human bones. JAMA Surg. (2016) 151:
€162775. doi: 10.1001/jamasurg.2016.2775

49. Little CP, Burston BJ, Hopkinson-Woolley J, Burge P. Failure of surgery for
scaphoid non-union is associated with smoking. ] Hand Surg Am. (2006) 31:252-5.
doi: 10.1016/j.jhsb.2005.12.010

50. Konstantinidis I, Christidis P, Konstantinou P, Kostretzis L, Pinto I,
Papadopoulos P, et al. The influence of smoking on healing of scaphoid non-union
after a vascularized pedicle bone flap operation: a review and meta-analysis. Orthop
Rev (Pavia). (2022) 14:35446. doi: 10.52965/001¢.35446

51. Iwamae M, Tamai K, Nishino K, Orita K, Kobayashi Y, Terai H, et al. Does
cessation of combustible cigarette and heated tobacco product smoking immediately
following a fracture benefit fracture healing? In vivo and in vitro validation.
Biochem Biophys Res Commun. (2024) 736:150512. doi: 10.1016/j.bbrc.2024.150512

frontiersin.org


https://doi.org/10.1097/BTH.0000000000000129
https://doi.org/10.1097/BTH.0000000000000129
https://doi.org/10.1055/s-0037-1600133
https://doi.org/10.1016/j.jhsa.2015.10.009
https://doi.org/10.1016/j.jhsa.2015.10.009
https://doi.org/10.1136/bcr-2020-239548
https://doi.org/10.1016/j.jhsa.2017.10.005
https://doi.org/10.1055/s-0040-1710387
https://doi.org/10.1142/S2424835522500588
https://doi.org/10.1186/s12891-023-06320-1
https://doi.org/10.1002/jor.23242
https://doi.org/10.1302/0301-620X.104B5.BJJ-2021-1114.R1
https://doi.org/10.1302/0301-620X.104B5.BJJ-2021-1114.R1
https://doi.org/10.1001/jamasurg.2016.2775
https://doi.org/10.1016/j.jhsb.2005.12.010
https://doi.org/10.52965/001c.35446
https://doi.org/10.1016/j.bbrc.2024.150512
https://doi.org/10.3389/fsurg.2025.1454101
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Union rate and clinical outcomes of second-try scaphoid reconstructions after failed primary scaphoid osteosynthesis or reconstruction. A retrospective, single-center cohort study of 52 patients
	Introduction
	Material and methods
	Clinical records
	Radiologic assessment
	Alignment
	Osteoarthrosis
	Humpback deformity and scaphoid malunion
	Union
	Functional outcome and scores
	Statistical method

	Results
	Union and radiological outcome
	Scaphoid alignment
	Carpal alignment
	Preoperative arthrosis score
	Clinical outcome and postoperative arthrosis score

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


