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ABSTRACT
Objective: To make a comparative analysis of patients with scaphoid 
pseudarthrosis operated with screw and corticocancellous graft and 
patients operated with plate and cancellous graft only, in regards to con-
solidation, carpal stability and limb functionality. Methods: non-randomized 
retrospective cohort study. Nineteen patients with scaphoid pseudarthrosis 
without advanced collapse were included in the study, of which 9 patients 
operated with screw and corticocancellous graft (Group A) and 10 operated 
with plate using cancellous graft (Group B). The following were evaluated 
preoperatively and 12 weeks postoperatively: functional recovery using the 
visual analogue scale, range of motion, grip strength, digital pinch strength, 
DASH and MAYO wrist score functional scales. To assess carpal instability, 
the scapholunate and radiolunate angles were assessed on radiographs 
and the interscaphoid angle on CT. And the bone consolidation rate was 
assessed with CT in the 8th postoperative week. Results: group A with 
90% and B with 100% consolidation rate, however the latter with a longer 
average time for consolidation - 9.7 weeks (p = 0.002). Improvement in 
pain intensity was achieved in both groups (p = 0.03). Increased pinch 
strength (p=0.04) and grip strength in group B and decreased in group A. 
The range of motion was superior in group B, with loss of ulnar deviation 
(p=0.02) and radial deviation (p=0.007) in group A. Regarding the MAYO 
wrist score, there was loss of function in group A and an increase in 
group B (p=0.007). There was correction of the scapholunate angle in 
both groups (p=0.03), with no difference between them. Conclusions: 
Patients in group B had better recovery of range of motion, pinch and 
grip strength, and better functionality according to the MAYO wrist score. 
Level of Evidence III; Study with an Almost-Experimental Design as 
a Non-Randomized Study with a Single Pre- and Post-Test Group. 
(Non-Randomized Retrospective Cohort).

Keywords: Scaphoid Bone; Pseudarthrosis; Bone Plates; Bone 
Transplantation; Autografts.

RESUMO

Objetivo: comparar pacientes com pseudoartrose do escafóide operados 
com parafuso e enxerto córtico esponjoso e pacientes operados com 
placa e enxerto somente esponjoso em relação à consolidação, estabi-
lidade carpal e funcionalidade do membro. Métodos: trabalho de coorte 
retrospectivo não-randomizado. Foram incluídos no estudo 19 pacientes 
com pseudoartrose do escafóide sem presença de colapso avançado, 
sendo 09 pacientes operados com parafuso e enxerto córtico esponjoso 
(Grupo A) e 10 operados com placa utilizando enxerto esponjoso (Grupo B). 
Foram avaliados no pré-operatório e com 12 semanas de pós-operatório: 
recuperação funcional através da escala visual analógica, amplitude de 
movimento, força de preensão, força de pinça digital, escalas funcionais 
de DASH e MAYO wrist score. Para avaliar a instabilidade carpal foram 
avaliados os ângulos escafolunar e radiolunar nas radiografias e o ângulo 
interescafóide na tomografia computadorizada (TC). E a taxa de consolidação 
óssea foi avaliada com TC na 8a semana pós-operatória. Resultados: grupo 
A com 90% e B com 100% de taxa de consolidação, porém este com maior 
média de tempo para consolidação- 9,7 semanas (p = 0,002). Melhora da 
dor em ambos os grupos (p=0,03). Aumento de força de pinça (p=0,04) 
e preensão no grupo B e diminuição no grupo A. O arco de movimento foi 
superior no grupo B, com perda de desvio ulnar (p=0,02) e desvio radial 
(p=0,007) no grupo A. Em relação ao MAYO wrist score, houve perda de 
função no grupo A e aumento no grupo B (p=0,007). Houve correção do 
ângulo escafolunar em ambos os grupos (p=0,03), sem diferenças entre si. 
Conclusões: pacientes do grupo B obtiveram melhor recuperação de arco 
de movimento, força de pinça e de preensão e melhor funcionalidade de 
acordo com o MAYO wrist score. Nível de Evidência III; Estudo com Deli-
neamento quase-Experimental como Estudo sem Randomização com 
Grupo Único pré e Pós-Teste (Coorte Retrospectiva não-Randomizada).

Descritores: Osso Escafoide; Pseudoartrose; Placas Ósseas; 
Enxerto Ósseo; Autoenxertos.
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INTRODUCTION

Scapular fractures account for 60% of carpal fractures, including 
a high incidence in the overall rate of fractures that occur in the 
wrist,1-3 being the waist region the most prevalent.4

Consolidation rates, when properly treated, reach almost 95%.5 
However, a neglected or not properly treated scaphoid  fracture 
has non-consolidation rates around 5-10%. 
Some factors related to the type of fracture such as: deviation, 
instability, proximal pole; can raise this percentage of non-
union to 90%.5

The pseudarthrosis of the scapula represents a challenge to trau-
matic handles. The evolution to advanced carpal collapse (SNAC) 
leads to a significant decrease in wrist function as well as quality 
of life, as this evolution is associated with constant pain.
In terms of anatomy and biomechanics, the scaphoid tends 
to flex in relation to the semilunar, while the pyramid tends to 
extend. After scaphoid pseudarthrosis, the proximal pole tends 
towards extension, since it is connected to the proximal carpal 
row by the scapholunate (SL) and dorsal inter metacarpal 
(DIC) ligaments, while the distal pole tends to adopt a flexion 
deviation. This biomechanical imbalance leads to humpback 
deformity of the scaphoid and DISI deformity (Dorsal Intercalated 
Segment Instability).6

The objectives of the treatment of  of the scaphoid are: to correct 
the normal alignment of the scaphoid to restore the biomechanical 
of the wrist and to obtain rigid stabilization of the fragments with 
osteosynthesis, using vascularized or non-vascularized graft.6-8 If 
the general principles of treatment are not applied, the kinematic 
alteration of carpal bones can lead to arthrosis, producing pain 
and decreased function.9-12 
Regarding the biomechanical aspects in the comparison between 
plate and screw, there is no difference between the two methods 
when used in bones with standard densities, however, in cases of 
low bone density, the plate proved superior.13 In a study conducted 
on corpses, the plate also proved more effective, showing greater 
rigidity when load applied.14

In general terms, the use of the plate for the treatment of pseudar-
throsis of the scaphoid  has some advantages: greater rotational 
stability and rigidity,15 gold standard if reoperation is needed,16,17 
and for cases with instability,18 effective humpback correction,19 
favorable postoperative DASH score,17 and is effective if there is 
focal cominution.20

Some disadvantages of using the plate include: longer period 
of post-operative immobilization due to the risk of impact of 
the plate with the flying surface of the radio,21 not suitable for 
pseudarthrosis of the proximal pole due to the risk of impact,19 
lower amplitude of movement and grip force in the first 3 months 
of post-operative.22

In screw fixation, the tri cortical cancellous cortical graft plays a 
fundamental role in the correction of humpback deformity, in the 
maintenance of the anterior support and in the alignment of the 
scaphoid as described by Fernandez et. al. (1990).23 

There is still no consensus as to whether the new method of plaque 
fixation using only cancellous graft is superior to the conventional 
method described by Fernandez et. al. (1990).23 
This study aims to compare patients with pseudarthrosis of the 
scaphoid operated with screw using cancellous cortical graft with 
patients operated with plaque using cancellous graft only regarding:
• Consolidation time;
• Humpback correction;
• Pain, amplitude of movement, grip force, pinch strength and 
functional scales;
• Complications: Infection, plate impact, stiffness.

MATERIALS AND METHODS

This study was conducted at the IOT - HC/FMUSP. Non-randomized 
retrospective cohort work. The study included 10 patients operated 
with screw and cancellous cortical graft (Group A) and compared 
with 10 patients operated with plaque, however, using only cancel-
lous graft (Group B).  The patients were operated between January 
2018 and May 2023, by different surgeons, all seniors and familiar 
with the surgical technique.
Inclusion criteria:
• Pseudoarthrosis of Alnot24 type IIB and IIIA squamous collar 
(Table 1)
• No prior surgery
• No other injury to the upper limb
• Minimum of 6 months of development

Exclusion criteria:
• Loss of patient tracking.
• Advanced degenerative framework - SNAC type III
• Cases without all imaging tests 
• Cases without functional evaluations in the scheduled time
The pre- and postoperative clinical evaluation data were evaluated for:
• Pain intensity (analog visual scale)
• Amplitude of movement (goniometry)
• Stretch force (Jamar)
• Digital pinch strength 
• Functional scales of DASH and MAYO wrist score,26 in preoperative 
and 12 weeks postoperative
They were also evaluated radiographically in pre and postoperative with:
• X-rays of both wrists in the incidences: front, with ulnar deviation, 
profile and obliques in the preoperative, with 3, 6 and 12 weeks 
postoperative; where the escapular and radiolunar angles were 
measured.
• Preoperative computed tomography (TC) to evaluate the presence 
of carpal collapse and measure the inter scaphoid angle
• CT with 8 weeks of postoperative to evaluate consolidation.
Presence of bone bridge between the graft and the proximal 
and distal poles at 8 weeks was considered a consolidation 
criterion in the evaluation. In the absence of this finding, the 
patient was re-evaluated every 4 weeks until showing signs of 
consolidation in CT.

Table 1. Classification of pseudarthrosis according to the Alnot system.25

Grade I   No linear union, no alteration of the shape of the scaphoid, instability or poor carpal alignment

Grade II 
II A No stable bond with small bone reabsorption on the fracture line, no instability or poor carpal alignment.

II B Non-mobile bond with anterior defect and proximal pole flexion under the tubercle of the scaphoid, with the presence of DISI

Grade III
IIIA Non-mobile bond with carpal instability or poorly aligned redutile with radial-styloid arthrosis isolated

III B Non-mobile bond with deviation and instability or poorly aligned redutile, with fossa arthrosis of the scaphoid or intracarpal

Grade IV
IV A Necrosis of the proximal fragment with poor carpal alignment

 IV B Necrosis of proximal fragment with fossa arthrosis of the scaphoid or intra carpal
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In the postoperative period, it was established the use of gessed tail 
or antebrachiopolegar orthesis until the presence of consolidation 
as a rehabilitation protocol.

Surgical technique
Patients in horizontal dorsal decubitus undergoing general an-
esthesia and regional blockage, inflated pneumatic tourniquet at 
250 mmHg. Via volar in the wrist (via de Russe), with capsulotomy 
for access to the joint and the scapula, preserving ligament 
insertion. (Figure 1)
With the scaphoid exposed, the focus of pseudarthrosis was 
cruentized until viable bone with good vascularization was 
present. (Figure 2)
Performed reduction of the scaphoid and calculated the size of 
the graft required. Structured cancellous cortical bone graft from 
the iliac (Group A) was extracted. In Group B the tri cortical area 
was removed, remaining only the cancellous graft in a block, in a 
structured way. (Figure 3) 
The cancellous cortical graft was inserted into the bone defect 
and fixed with 2.2mm Speed Tip Cannulated Compression Screws 
(CCS) with radioscopy. (Figure 4A and 4B)
In group B, only cancellous graft was used in the focus of pseudar-
throsis (Figure 5) and the fixation with low profile Tri-lock”® plates 
of 1.5 mm for Medartis scaphoid. (Figure 6)

After the osteosynthesis, joint mobility test and capsuloraphia were 
performed on the synthesis.  Disinflated the tourniquet, carried out 
hemostasis, cleaning and suturing by planes.

Figure 1. Volar view showing the focus of pseudarthrosis. 

Figure 3. Structured only cancellous bone graft after cortical bone 
resection. 

Figure 4. A) Cancellous cortical graft in the focus of pseudarthrosis 
(Group A). B) Fixation with canulated screw.

Figure 5. Cancellous-only graft in the focus of pseudarthrosis (Group B). Figure 2. Resecated pseudarthrosis focus demonstrating viable bone. 

Source: Photo by Erick Yoshio Wataya, Institute of Orthopaedia and Traumatology of HCFMSP, 
São Paulo, Brazil.

Source: Photo by Erick Yoshio Wataya, Institute of Orthopaedia and Traumatology of HCFMSP, 
São Paulo, Brazil.

Source: Photo by Erick Yoshio Wataya, Institute of Orthopaedia and Traumatology of HCFMSP, 
São Paulo, Brazil.

Source: Photo by Erick Yoshio Wataya, Institute of Orthopaedia and Traumatology of HCFMSP, 
São Paulo, Brazil.

Source: Photo by Erick Yoshio Wataya, Institute of Orthopaedia and Traumatology of HCFMSP, 
São Paulo, Brazil.
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Statistical analysis
Based on the study by Beaton et al. (2001),27 was defined the 
clinically important minimum difference (MCID – Minimum clinically 
important difference) for one of the following variables: obtaining 
consolidation, correction of deformity of the scapula and MAYO wrist 
score. A 5% alpha error and 80% statistical power were established. 
There are no prospective works of this nature, which makes the 
sample calculation difficult. We chose a convenience sample of 
20 patients.
The quantitative data were submitted to the evaluation of normal 
distribution by the Shapiro-Wilk test and expressed as average, 
standard deviation, median, maximum and minimum values 
and sample size. For the comparison between quantitative data, 

the Student T test was used when normal (parametric) distribution 
and the Mann-Whitney U test for nonparametric data.
The qualitative data were demonstrated as frequencies and per-
centiles. For the comparison between qualitative data, we will use 
the qui-square test.
In the data comparison, a significance level of 5% (alpha = 0.05) 
was used, and the values of p < 0.05 were considered statistically 
significant.

Ethical Approval
This study was approved by the Institutional Ethics Committee 
under the opinion number 6.877.718 and the Terms of Free and 
Informed Consent was signed by all participants prior to the study.

RESULTS

19 patients were included in the study, including 09 from Group A 
(glass with cancellous cortical graft) and 10 from Group B (plaque 
with cancellous graft). One patient in Group A was excluded for loss 
of follow-up. The mean time from the date of the trauma to the date 
of surgery was 14 months for group A and 19 months for group B. 
05 patients in Group A had pseudoarthrosis of the escafoid in their 
dominant hand, which occurred in 07 of the 10 patients in Group 
B. (Tables 2 and 3)
There was one case of non-consolidation in Group A due to implant 
failure. In the other cases, pseudoarthrosis was consolidated in CT 
at 08 weeks. All cases in Group B consolidated, however, in two 
cases, there was only evidence of consolidation in CT at 12 weeks 
(Figure 7 and 8) and one case at 16 weeks, with an average of 9.7 
weeks, with statistical significance (p = 0.002). 
In relation to the dynamometry, the grip strength of the wrist, the 
digital and triple pinch strength were evaluated. In the preoperative 
evaluation, the initial measurements of strength were higher in Group 
A. Thus, the comparison was chosen in relative and non-absolute 

Figure 6. Osteosynthesis of the escafoid with blocked plate. 

Source: Photo by Erick Yoshio Wataya, Institute of Orthopaedia and Traumatology of HCFMSP, 
São Paulo, Brazil.

Table 2. Epidemiological profile of the group of patients fixed with plaque + cancellous graft.
Patient Dominance Side Operated Profession Time since the trauma Trauma mechanism

1 Right-handed Right Driver 8 months Entorse of hand
2 Right-handed Left Manager of confectionery 6 months Fall
3 Right-handed Right Mason 1 year and 6 months Height drop (roof)
4 Right-handed Left Seller 2 years Falling during sports (football)
5 Right-handed Left Machine Operator 1 year and 2 months Motorcycle fall
6 Right-handed Right Glassman 1 year Fall
7 Right-handed Right Delivery 2 years Motorcycle fall
8 Right-handed Right Shelf storage 6 months Falling during sports (basket)
9 Right-handed Left Unemployed 1 year and 5 months Motorcycle fall

10 Right-handed Left Secretary 1 year and 8 months Falling during sports (football)

Table 3. Epidemiological profile of the group of patients fixed with screw + cancellous cortical graft.

Patient Dominance Side Operated Profession Time since the trauma Trauma mechanism

1 Right-handed Right Delivery 6 years Motorcycle Accident

2 Right-handed Right Student 6 months Motorcycle Accident

3 Right-handed Left Machine Operator 2 years Fall

4 Right-handed Right Entrepreneur 1 year and 8 months Motorcycle Accident

5 Right-handed Right Manual worker 1 year and 9 months Fall

6 Right-handed Left Police 9 months Falling during sports (football)

7 Right-handed Left Seller 1 year and 8 months Fall

8 Left-handed Left Security 8 months Fall

9 Right-handed Right Unemployed 1 year and 9 months Motorcycle Accident

10 Right-handed Right Manual worker 1 year and 1 month Fall
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values. At the end of the evaluation, the average grip and pince 
strength were higher in Group B (p=0.04). There was loss of grip 
and pinch strength in Group A in the postoperative evaluation, even 
after the consolidation of pseudarthrosis. Already in Group B, there 
was gain in all dynamometry parameters.
On average, there was a loss of 14% of grip strength in patients in 
Group A and a gain of 27% of grip strength in patients in Group B 
in the post-operative evaluation. Regarding pinch strength, there 
was a loss of 12% for Group A and a gain of 31% for Group B. There 
was a gain of 47% triple pinch for both groups.

The goniometry was evaluated in four parameters: flexion, extension, 
ulnar deviation and radial deviation of the wrist, and the relative 
values were considered for comparison. Even after the consolidation 
of pseudoarthrosis, there was loss of movement arc in all criteria 
of Group A and gain in all criteria of Group B. In relation to Group 
A, there was loss of 30% of wrist extension, 16% of flexion, 14% of 
ulnar deviation (p=0.02) and 13% of radial deviation (p=0.007). In 
relation to Group B, there was an increase of 29% in the extension 
of the wrist, 18% in the flexion, 21% in the ulnar deviation and 75% 
in the radial deviation.
Patients were evaluated by MAYO wrist score in preoperative and 
12 weeks postoperative. There was a 14% deterioration in Group 
A score and a 52% improvement in Group B score (p=0.007). In 
relation to the DASH score, there was improvement in the parameters 
in both groups, being 14% in group A and 40% in group B. (Figure 9)

Figure 7. Postoperative X-ray of pseudoarthrosis fixation. 

Figure 9. Comparison between groups by DASH and Mayo wrist score after 12 weeks.

Source: Photo by Erick Yoshio Wataya, Institute of Orthopaedia and Traumatology of HCFMSP, 
São Paulo, Brazil.

Figure 8. Postoperative pseudoarthrosis fixation tomography with 02 
months of evolution, still without signs of bone bridge. B and C: post-
operative tomography of pseudoarthrosis fixation with 03 months of 
evolution, with presence of bone bridge in the coronal plane and flight 
in the sagital plane. 

Source: Photo by Erick Yoshio Wataya, Institute of Orthopaedia and Traumatology of HCFMSP, 
São Paulo, Brazil.

Patient

   
Mayo Wrist Score Dash Score 

        Visual 
Analogue 

Scale

Mayo Wrist 
Score Dash Score   

Preop Posop Preop Posop           Group H
1H 7 55 70 25 17.24       Average 0.00 0.36 0.00
2H 3 1 65 40 32.5 48.33 -0.5 -12.14 -0.10 SD 2.43 29.62 32.14
3H 3 0 30 15 56.66 68.33 -1.5 -2.14 23.49     Group V
4H 5 0 90 65 41.66 11.66 -3.5 -12.14 19.33 Average -0.94 25.08 -17.29
5H 3 2 15 60 73.21 13.33 0.5 57.86 -22.34 SD 3.54 19.70 17.91
6H 5 7 50 35 30.83 55 3.5 -2.14 -52.22        
7H 4 4 75 35 35 22.4 1.5 -27.14 31.83        
8H 8 80 65 15.83 9.16              
9H 4 60   43.18                
1V 3 5 70 65 51 20.83 3.5 7.86 -35.52        
2V 6 6 55 75 70.83 15 1.5 32.86 -22.51        
3V 8 0 15 70 65.83 36.6 -6.5 67.86 -48.17        
4V 6 7 75 70 65.83 62.5 2.5 7.86 -21.57        
5V 6 0 60 90 56.66 32.25 -4.5 42.86 4.33        
6V 6 0 55 60 26.66 21.66 -4.5 17.86 -16.75        
7V 4 4 65 70 35.88 30 1.5 17.86 2.66        
9V 8 6 65 65 69.16 41.66 -0.5 12.86 1.78        
10V 7 4 65 70 60.83 25 -1.5 17.86 -19.84        

A

A

B

B C
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There was an improvement in the intensity of pain in both groups in 
the Analogous Visual Scale evaluation (p=0.03), with no significant 
difference between the groups.
Pre- and post-operative radiographic parameters were evaluated, 
with emphasis on the scapular angle due to its importance for 
the correct reduction of the scapula and consideration for carpal 
stability. There were two cases in each group where the angle, 
even in the postoperative X-rays, was above the normal range. In 
relation to the overall average, in Group A there was reduction of 
the angle from 71° to 60° (upper limit of normality), with statistical 
significance (p=0,03), and in Group B reduction from 57° to 47°. 
In relation to the radiolunar angle, used to evaluate the correction 
of deviation in DISI, there was improvement in parameters in both 
groups, with no significant difference. In Group A, the preoperative 
average angle was 17.6°, with correction to 13.75° in the postoperative 
period. Group B showed improvement from 22° to 19° on average 
in the postoperative period. 
Another parameter for evaluating postoperative reduction is the 
interescafoid angle, measured in the sagital plane of preopera-
tive CT and with 08 weeks of evolution. There was a significant 
improvement in the angle in all cases operated, with one case of 
Group B keeping values above the normal consideration, but with 
expressive improvement. In Group A, the average angle values 
were 52° in preoperative and 17° in postoperative. In Group B, the 
reduction was from 50° to 34° after surgery.

DISCUSSION
In relation to the post-operative evolution in the first 12 weeks, both 
for movement arc and for the evaluation of strength and function 
of the hand, a superiority of the plate compared to the use of the 
screw was observed, with better rates in functional evaluations and 
early return to activities. It is possible that the anterior support in 
the escafoid provided by the plate and the improvement in angular 
stability in the correction of carpal alignment angles have provided 
a clinical improvement in strength and mobility parameters.
The volar plates for pseudarthrosis of scaphoid were described in 
1993 by Braun et al.28 There are studies that evaluated the use of 
scaphoid plates in complex cases of pseudarthrosis after fixation 
with auto-compressive screws and cases with severe deformity of 
humpback.16,18,29,30 Esteban-feliu et al described cases with use of 
volar plates with 87% consolidation rate in 15 patients.25 
Regarding the consolidation rates in the cases of osteosynthesis 
with screws and cancellous cortical graft, the conventional method 
for primary pseudarthrosis, the literature demonstrates good con-
solidation rates, around 84 to 95%,31 similar to our study, in which 
90% of cases consolidated. 
Ghoneim described 14 cases of plaque-treated pseudarthrosis, 
with an average of 16.5 months of evolution, with a 93% consoli-
dation rate, which took an average of 3.8 months.18 Other studies 
show rates ranging from 72%,32 to 100%,16 with plaque use. In our 
study, we obtained a 100% consolidation rate, similar to the data 
demonstrated.
When compared, the two methods show no statistical dif-
ference in consolidation rate,32 thus being equally effective 
in bone consolidation, however, the cases fixed with plaque 
and cancellous graft showed faster consolidation and greater 
correction of the humpback.33

The pure cancellous graft, due to its osteogenic, osteoinductive and 
osteocondutory capacity,34 showed superior consolidation rates 
when used with screw osteosynthesis.35 In the cases associated with 
plaque osteosynthesis, in addition to the satisfactory consolidation 
rates, it also presented better angular correction of the scaphoid 
and better functional return of pinch strength and grip.36 Putnam 
 et al37 presented the best consolidation rates in cases of pseudarthrosis 

of the scaphoid, using plaque fly with cancellous graft, with 100% 
consolidation rate in 26 cases, with up to 18 weeks of follow-up.
The anatomical shape of the squamous plate has been shown to 
be useful for the reduction of pseudarthrosis fragments, especially 
in the correction of the humpback and other deformities, in addition 
to allowing better support for the graft when it is not cortical. Another 
concern with the use of self-compressive screws is the possible 
rotational deviation of the escape, which can be avoided with the plate. 
A disadvantage described with the use of the board is the friction of 
the board with the flying surface of the radio. Although the low profile 
of the plaque mitigates this complication, the clinical experience of 
the study showed that if it is not properly positioned on the scapula, 
it can cause friction on the flying edge of the radio, especially to grip 
and flexion of the wrist. In cases of non-consolidation of the proximal 
pole of the escafoid, friction of the plate with the radio may occur in 
an attempt to fit the plate for fixation of the proximal pole fragment. 
In one case of group B, although the fracture was from the neck of 
the scapula, for better fixation and reduction, the plate was posi-
tioned in a more proximal topography, causing friction with the radio 
(Figure 10 and 11). In this case, the patient evolved with pain to the 
flexion of the wrist and the plaque was removed after consolidation.
There were 02 cases of plaque-related complications: 01 case of 
plate rupture and 01 case of plate screw release, both after pseu-
darthrosis consolidation (Figure 12). Esteban-feliu et al. reported 
04 cases of complications associated with the plaque, including 01 
cases of plaque breakage and 03 cases of release of screws from 
the plaque. This study followed patients for 03 years.30

Figure 10. Postoperative pseudarthrosis fixation X-ray of the scapula. 

Figure 11. Postoperative pseudarthrosis arthrosis fixation tomography of 
the proximal pole of the scaphoid with 08 weeks of evolution, evidencing 
the impact of the plaque on the volar surface of the radio. 

Source: Photo by Erick Yoshio Wataya, Institute of Orthopaedia and Traumatology of HCFMSP, 
São Paulo, Brazil.

Source: Photo by Erick Yoshio Wataya, Institute of Orthopaedia and Traumatology of HCFMSP, 
São Paulo, Brazil.
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Other symptoms described when using the plate are pain to mobilize 
the wrist, stinging and cold intolerance.19 Although there were 
no complaints of stinging, post-operative pain was a common 
complaint, although there was no statistical difference between 
the mean pain, taking into account the Analogous Visual Scale 
(p=0.03) in both groups.

The study presented limitations in relation to the short follow-up 
time of the patients, which may have been insufficient to define 
late complications, especially in relation to the use of the plate with 
the impact and pain when flirting the wrist. The sample was also 
small and insufficient to determine comparisons with statistical 
significance in some of the parameters used. The surgeries were 
performed by different surgeons, all senior and familiar with the 
technique, but this can also be considered a limitation of this study.
However, despite the limited sample, this study was able to evaluate 
parameters that attest to the functionality of the limb after surgery 
and compare the two groups with statistical significance favorable 
to the use of the plaque. In addition, it is a study that compares, in 
an unprecedented way, clinical, functional and radiological aspects 
of the standard and most common technique through the use of 
cancellous cortical graft plus fixation with screw; with the latest 
technique, using cancellous graft plate.

CONCLUSION
The present study favors the use of cancellous graft plates over the 
screw and cancellous cortical graft technique with consolidation 
rates in 100% of cases, but with a higher average time for con-
solidation. Patients using the plate obtained better postoperative 
recovery, with greater movement arc, better pinch recovery and grip 
strength and better functionality according to MAYO wrist score.

Figure 12. X-rays showing plaque C fracture: tomography with evidence 
of bone consolidation in the case of plaque fracture. 

Source: Photo by Erick Yoshio Wataya, Institute of Orthopaedia and Traumatology of HCFMSP, 
São Paulo, Brazil.

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-
5. doi: 10.1097/ta.0b013e31822458e8.

2.	 Hove LM. Epidemiology of scaphoid fractures in Bergen, Norway. Scand J Plast 
Reconstr Surg Hand Surg. 1999;33(4):423-6. doi: 10.1080/02844319950159145. 

3.	 Van Tassel DC, Owens BD, Wolf JM. Incidence estimates and demographics of 
scaphoid fracture in the U.S. population. J Hand Surg Am. 2010;35(8):1242-5. 
doi: 10.1016/j.jhsa.2010.05.017.

4.	 Dias J, Brealey S, Cook L, Fairhurst C, Hinde S, Leighton P, et al. Surgical fixation 
compared with cast immobilisation for adults with a bicortical fracture of the 
scaphoid waist: the SWIFFT RCT. Health Technol Assess. 2020;24(52):1-234. 
doi: 10.3310/hta24520.

5.	 Alshryda S, Shah A, Odak S, Al-Shryda J, Ilango B, Murali SR. Acute frac-
tures of the scaphoid bone: Systematic review and meta-analysis. Surgeon. 
2012;10(4):218-29. doi: 10.1016/j.surge.2012.03.004.

6.	 Mathoulin CL, Arianni M. Treatment of the scaphoid humpback deformity - is 
correction of the dorsal intercalated segment instability deformity critical? J 
Hand Surg Eur. 2018;43(1):13-23. doi: 10.1177/1753193417739526.

7.	 Nakamura R, Horii E, Watanabe K, Tsunoda K, Miura T. Scaphoid non-union: 
factors affecting the functional outcome of open reduction and wedge graf-
ting with Herbert screw fixation. J Hand Surg Br. 1993;18(2):219-24. doi: 
10.1016/0266-7681(93)90114-u.

8.	 Warren-Smith CD, Barton NJ. Non-union of the scaphoid: Russe graft vs Herbert 
screw. J Hand Surg Br. 1988;13(1):83-6. doi: 10.1016/0266-7681_88_90060-5.

9.	 Burgess RC. The effect of a simulated scaphoid malunion on wrist motion. J 
Hand Surg Am. 1987;12(5 Pt 1):774-6. doi: 10.1016/s0363-5023(87)80067-9.

10.	Amadio PC, Berquist TH, Smith DK, Ilstrup DM, Cooney WP 3rd, Lins-
cheid RL. Scaphoid malunion. J Hand Surg Am. 1989;14(4):679-87. doi: 
10.1016/0363-5023(89)90191-3.

11.	Nakamura R, Hori M, Horii E, Miura T. Reduction of the scaphoid fracture 
with DISI alignment. J Hand Surg Am. 1987;12(6):1000-5. doi: 10.1016/
s0363-5023(87)80097-7.

12.	Capito AE, Higgins JP. Scaphoid overstuffing: the effects of the dimensions 
of scaphoid reconstruction on scapholunate alignment. J Hand Surg Am. 
2013;38(12):2419-25. doi: 10.1016/j.jhsa.2013.09.035.

13.	Goodwin J, Castañeda P, Drace P, Edwards S. A Biomechanical Comparison of 
Screw and Plate Fixations for Scaphoid Fractures. J Wrist Surg. 2018;7(1):77-80. 
doi: 10.1055/s-0037-1606123.

14.	Goodwin JA, Castañeda P, Shelhamer RP, Bosch LC, Edwards SG. A Comparison 
of Plate Versus Screw Fixation for Segmental Scaphoid Fractures: A Biomecha-
nical Study. Hand (N Y). 2019;14(2):203-208. doi: 10.1177/1558944717732065. 

15.	Jurkowitsch J, Dall'Ara E, Quadlbauer S, Pezzei C, Jung I, Pahr D, et al. Rotational 
stability in screw-fixed scaphoid fractures compared to plate-fixed scaphoid fractures. 
Arch Orthop Trauma Surg. 2016;136(11):1623-1628. doi: 10.1007/s00402-016-2556-z.

16.	Leixnering M, Pezzei C, Weninger P, Mayer M, Bogner R, Lederer S, et al. 
First experiences with a new adjustable plate for osteosynthesis of scaphoid 
nonunions. J Trauma. 2011;71(4):933-8. doi: 10.1097/TA.0b013e3181f65721.

17.	Ansari SA, Kennedy JA, Younis F. Postoperative Outcomes of Volar Plate 
Fixation in Cases of Scaphoid Deformity or Nonunion: A Case Series. J Wrist 
Surg. 2020;9(4):304-311. doi: 10.1055/s-0040-1710383.

18.	Ghoneim A. The unstable nonunited scaphoid waist fracture: results of treatment 
by open reduction, anterior wedge grafting, and internal fixation by volar buttress 
plate. J Hand Surg Am. 2011;36(1):17-24. doi: 10.1016/j.jhsa.2010.10.003. 

19.	Eng K, Gill S, Hoy S, Shridar V, Van Zyl N, Page R. Volar Scaphoid Plating for 
Nonunion: A Multicenter Case Series Study. J Wrist Surg. 2020;9(3):225-229. 
doi: 10.1055/s-0040-1702199.

20.	Quadlbauer S, Pezzei C, Jurkowitsch J, Krimmer H, Sauerbier M, Hausner T, et 
al. [Palmar angular stable plate fixation of nonunions and comminuted fractures 
of the scaphoid]. Oper Orthop Traumatol. 2019;31(5):433-446. German. doi: 
10.1007/s00064-019-00623-0.

21.	Muirhead C, Talia A, Fraval A, Ross A, Thai D. Early mobilization vs delayed 
mobilisation following the use of a volar locking plate with non-vascularized 
bone graft in scaphoid non-union. A multicentred randomised controlled-trial. 
J Orthop. 2021;23:203-207. doi: 10.1016/j.jor.2021.01.002. 

22.	Burgos FH, Nakamoto JC, Nakamoto HA, Iwase FDC, Mattar R. Treatment Of 
Schaphoid Nonunion With Volar Locked Plate. Acta Ortop Bras. 2019;27(3):141-
145. doi: 10.1590/1413-785220192703214849.

23.	Fernandez DL. Anterior bone grafting and conventional lag screw fixation to 
treat scaphoid nonunions. J Hand Surg Am. 1990;15(1):140-7. doi: 10.1016/
s0363-5023(09)91122-4.

24.	Alnot JY. Fractures and pseudarthroses of the carpal scaphoid. The various sta-
ges of pseudarthrosis. Rev Chir Orthop Reparatrice Appar Mot. 1988;74(8):714-7.

25.	Esteban-Feliu I, Barrera-Ochoa S, Vidal-Tarrason N, Mir-Simon B, Lluch A, 
Mir-Bullo X. Volar Plate Fixation to Treat Scaphoid Nonunion: A Case Series 
With Minimum 3 Years of Follow-Up. J Hand Surg Am. 2018;43(6):569.e1-569.
e8. doi: 10.1016/j.jhsa.2017.12.004.

AUTHOR’S CONTRIBUTION: Each author contributed individually and significantly to the development of this article. EYW: performing the interventions 
and writing the article; AISN: analysis of the results and writing the article; TAT: collecting data and writing the article; JCN: performing the interventions and 
review of the article; MRR: performing the interventions and review of the article; RMJ: performing the interventions and review of the article.

A B C



Acta Ortop Bras.2025;33(4):e290649 of 8Page 8

26.	Cooney WP, Bussey R, Dobyns JH, Linscheid RL. Difficult wrist fractures. Perilu-
nate fracture-dislocations of the wrist. Clin Orthop Relat Res. 1987;(214):136-47.

27.	Beaton DE, Bombardier C, Katz JN, Wright JG, Wells G, Boers M, et al. Looking 
for important change/differences in studies of responsiveness. OMERACT 
MCID Working Group. Outcome Measures in Rheumatology. Minimal Clinically 
Important Difference. J Rheumatol. 2001;28(2):400-5.

28.	Braun C, Gross G, Bühren V. Die Osteosynthesis using a buttress plate--a new 
principle for stabilizing scaphoid pseudarthroses. Unfallchirurg. 1993;96(1):9-11.

29.	Dodds SD, Williams JB, Seiter M, Chen C. Lessons learned from volar plate 
fixation of scaphoid fracture nonunions. J Hand Surg Eur. 2018;43(1):57-65. 
doi: 10.1177/1753193417743636.

30.	Sander AL, Sommer K, Schäf D, Braun C, Marzi I, Pohlemann T, et al. Clinical 
outcome after alternative treatment of scaphoid fractures and nonunions. Eur 
J Trauma Emerg Surg. 2018;44(1):113-118. doi: 10.1007/s00068-017-0773-y.

31.	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-
1805.e3. doi: 10.1016/j.jhsa.2015.05.003.

32.	Talia AJ, Fraval A, Halliday L, McKie G, Paiva J, Thai DM. Scaphoid specific 
volar locking plate and non-vascularised iliac crest bone graft in scaphoid 

non-union. A comparative cohort study. J Orthop. 2019;16(4):337-341. doi: 
10.1016/j.jor.2019.03.005.

33.	Nakamoto JC, Xavier RM, Burgos FH, Wataya EY, do Carmo Iwase F, Nakamoto 
HA, et al. Comparative analysis of scaphoid nonunion treatment with screw fixation 
and angular stable plate. Arch Orthop Trauma Surg. 2023;143(4):2247-2253. 
doi: 10.1007/s00402-022-04625-9.

34.	Khan SN, Cammisa FP Jr, Sandhu HS, Diwan AD, Girardi FP, Lane JM. The 
biology of bone grafting. J Am Acad Orthop Surg. 2005;13(1):77-86.

35.	Kim JK, Yoon JO, Baek H. Corticocancellous bone graft vs cancellous bone 
graft for the management of unstable scaphoid nonunion. Orthop Traumatol 
Surg Res. 2018;104(1):115-120. doi: 10.1016/j.otsr.2017.11.011.

36.	Wataya EY, Meneghel GH, Mores V, Nakamoto JC, Xavier RM, Junior RM. 
Comparative analysis of cancellous graft and cortico-cancellous graft in os-
teosynthesis of scaphoid pseudoarthrosis with plate. Arch Orthop Trauma Surg. 
2023;143(11):6955-6963. doi: 10.1007/s00402-023-05003-9. 

37.	Putnam JG, Mitchell SM, DiGiovanni RM, Stockwell EL, Edwards SG. Outcomes 
of Unstable Scaphoid Nonunion With Segmental Defect Treated With Plate 
Fixation and Autogenous Cancellous Graft. J Hand Surg Am. 2019;44(2):160.
e1-160.e7. doi: 10.1016/j.jhsa.2018.05.023.


