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Comparative effectiveness of three treatment
options for slade and dodds grade llI-IV
scaphoid nonunion: a retrospective study
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Abstract

Objective To compare the clinical efficacy of open debridement screw fixation combined with bone grafting,
percutaneous screw fixation, and percutaneous screw fixation combined with injection of platelet-rich plasma (PRP)
for the treatment of Slade and Dodds Grade Il to IV scaphoid nonunion (SNU).

Methods This retrospective study included patients with Grade Ill (25 patients) and Grade IV (28 patients) SNU.
They were treated with open surgery bone grafting and internal fixation (group A), percutaneous screw fixation
(group B) or percutaneous screw fixation and PRP injection (group C) from January 2015 to May 2020. The fracture
consolidation rate, VAS score, and Mayo wrist function score were compared across the three groups.

Results The consolidation rate was not significantly different among the three groups for both Grade Ill and IV SNU.
However, patients in group C reported significantly less pain and better wrist function 7 days after surgery compared
to group A and B, for both nonunion grades. At 3 months after surgery, group C had significantly better VAS and Mayo
wrist scores compared to group A for both nonunion grades, and compared to group B for Grade IV SNU. At 6 and 12
months after surgery, patients with Grade IV SNU in groups A and C had significantly better VAS and Mayo wrist scores
compared to group B.

Conclusion This study suggests that percutaneous screw fixation with PRP injection could be a more effective
method for treating Grade IV SNU. This approach may reduce postoperative wrist pain and improve wrist function in
the early stages after surgery for patients with both Grade Il and IV SNU.

Type of study/level of evidence V.
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Introduction

Scaphoid fracture is the most common fracture of the
carpus, particularly among young people. About 5-10%
of fractures will finally turn into nonunion [1], caus-
ing pain and disability [2]. Slade and Dodds categorized
scaphoid nonunion (SNU) into 6 Grades to guide treat-
ment [3]. At present, percutaneous screw fixation strat-
egy is considered to be effective in the treatment of
Grade I-IIT SUN, but cannot be used to treat type Grade
VI SNU and its therapeutic effect on Grade IV and V
SNU still remains controversial [4-9]. Various treat-
ments are available to improve bone healing and alleviate
short-term and long-term symptoms, enabling patients
to resume daily activities [1, 10, 11]. PRP has been proved
to relieve post-operative pain in scaphoid fracture and
improve healing rate of patients with SNU after open sur-
gery [1, 2].

The objectives of this study were to (1) asses the fea-
sibility of percutaneous screw fixation and PRP injection
for the treatment of Grade III-IV SNU and (2) investigate
the effect of PRP on pain relief and functional recovery in
patients with Grade III-IV SNU who received percutane-
ous screw fixation.

Methods

Study Design and setting

This retrospective study was approved by the ethics
committee of the 900th Hospital of Joint Logistics Sup-
port Force. All patients signed an informed consent form
before undergoing surgery. The study enrolled patients
who underwent initial surgery for Grade III-IV SNU
between January 2015 and May 2020, who were initially
misdiagnosed, had a missed diagnosis, or whose initial
non-surgical management failed.

The exclusion criteria were: (1) radiographic evidence
of osteonecrosis, kyphosis, or displacement; (2) other
fractures or dislocation of the wrist; (3) subsequent
reoperation within 1 year after the initial surgery, or (4)
patients without complete follow-up data.

According to Slade and Dodds SUN classification sys-
tem [3], two senior doctors assessed the degree of bone
absorption at the fracture ends by preoperative CT to
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classify the Grades, and case would be abandoned when
it was in dispute. Based on different surgical treatment
methods, patients were divided into three groups for
Grade III and Grade IV respectively: open surgery bone
grafting and internal fixation (group A), percutaneous
screw fixation (group B) and percutaneous screw fixation
and PRP injection (group C).

Surgical techniques

For open surgery debridement, bone grafting, and inter-
nal fixation (group A), the patient was placed in a supine
position with the injured limb abducted. After anesthe-
sia, a tourniquet was tied around the upper arm, a radial
3-cm long incision was made on the dorsal wrist at the
snuff box. The Dorsal radial carpal ligament and joint
capsule were incised longitudinally, the radial nerve and
radial artery were carefully protected, and the scaphoid
fracture and radial styloid process were exposed. Scle-
rotic bone was cleared at the fracture ends to open the
medullary cavity on both sides until blood exudated
from the medullary cavity, i.e., the “red pepper sign” We
removed the styloid process of the radius and sufficient
cancellous bone was scraped from the medullary cavity
of the distal radius and transplanted to the fracture ends
of the scaphoid (Fig. 1A). After reduction, the scaphoid
fracture was fixed with a Herbert screw. During surgery,
C-arm fluoroscopy was used to ensure that there was no
lateral or separation displacement of the fracture and the
axis of the wrist was normal. Finally, the joint capsule was
sutured and the incision was closed.

For percutaneous screw fixation (group B), the pre-sur-
gical steps were the same as for Group A. The wrist joint
was elevated and extended to 90 ° and the thumb and
index finger were pulled to achieve closed reduction. If
necessary, Kirschner wires were used as joysticks to help
reduction. A 12—14 gauge syringe needle used as a guide
sleeve was inserted into the proximal subchondral bone
through the scaphoid tuberosity (Fig. 1B); C-arm fluo-
roscopy was performed to confirm that the guide sleeve
was located on the long axis of the scaphoid bone. A
Kirschner wire was drilled through the guide sleeve and
through the fracture line. The cannulated drill was drilled

Fig. 1 A. Open surgery debridement, bone grafting and internal fixation: Cancellous bone was transplanted onto the fractured ends of the scaphoid.
Figure 1B. Percutaneous screw fixation. The gauge syringe needle used as a guide sleeve was inserted into the proximal subchondral bone through the
scaphoid tuberosity. Figure 1C. Injection of 1 mL of PRP into the medullary cavity
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into the bone along the Kirschner wire. If necessary, more
Kirschner wire was used to open the medullary cavity at
multiple positions in parallel to the direction of the guide
sleeve. Then an appropriate length of Herbert screw was
inserted along the Kirschner wire. Finally, the Kirschner
wire was pulled and the incision was closed.

For percutaneous screw fixation and PRP injection
(group C), PRP was prepared using an Arthrex Dual
Syringe System (Tehran, Iran). A total of 45 ml of venous
blood was draw into a centrifuge Tubes with 5ml of
sodium citrate, then it was centrifuged at 1200 rpm for
5 min in the operating room under sterile conditions.
The supernatant from the first tube was transferred to
the second tube and centrifuged at 2600 rpm for 6 min
to obtain 4 mL of PRP. The pre-surgical steps, drill-
ing, placement of the Kirschner wire, and reaming were
the same as for Group B. In addition, 1 mL of PRP was
injected into the medullary cavity using a syringe before
and after the Herbert screw was screwed in (Fig. 1C) and
2 mL of PRP was injected percutaneously into the wrist
capsule around the fracture line after the Herbert screw
was placed.

Postoperative management

All patients were treated with the same rehabilitation
program after surgery. They were instructed to wear a
brace that fixed the wrist joint and proximal interpha-
langeal joint of the thumb for 4 weeks. The patients were
instructed to flex and extend the distal interphalangeal
joint of the thumb, while other fingers move freely. Non-
weight bearing functional exercises were performed after
2 weeks and passive resistance training was performed
under the guidance of rehabilitation therapists or ortho-
pedic surgeons after 4 weeks.

Clinical and radiological evaluations

X-ray examination was performed on the second day
after surgery, and CT examination was performed at 3,
6, and 12 months after surgery until bone healing was
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observed by imaging (i.e., bone trabeculae were passing
through the fracture line) (Fig. 2A-D). Scaphoid union
was defined as bone trabeculae passing through the frac-
ture line in CT and absence of clinical manifestation.

The degree of pain and wrist function were assessed
using the VAS score (0 to 100) and Mayo wrist func-
tion score. The VAS pain score was recorded at 7 days
and 3, 6, and 12 months after surgery. The Mayo score of
wrist function was evaluated at 3, 6, and 12 months after
surgery.

Statistical analysis

The variables assessed in this retrospective study were
the fracture union rate, VAS score, and Mayo wrist func-
tion score. The Shapiro-Wilk test indicated the VAS and
Mayo wrist function scores were non-normally distrib-
uted; these values are presented as median and quartiles
and were compared using the Mann Whitney U-test. The
dichotomous variable fracture union rate was compared
using the Chi-square test. P-values less than 0.05 were
considered statistically significant. All data were analyzed
using SPSS version 26.0 (SPSS Inc.).

Results

A total of 53 patients were included in our study, and
they were divided into three groups in Grade III and
Grade IV, with 11 and 10 patients in Grade III and IV
respectively for group A (open surgery bone grafting and
internal fixation), 7 and 7 patients in Grade III and IV
respectively for group B (percutaneous screw fixation),
and 7 and 11 patients in Grade III and IV respectively
for group C (percutaneous screw fixation and PRP injec-
tion). Of injury reasons, there were 37 patients caused
by falling injury, 9 patients caused by heavy objects pres-
sure injury and 7 patients by traffic accident injury. There
was no statistically significant difference in the baseline
characteristics of the patients with Grade III SNU and
Grade IV SNU among the three surgical groups (Table 1).
And no patients experienced neurovascular injury

Fig. 2 A-B. 19 male patient with scaphoid nonunion in the left hand, with time passed from trauma of 10 months, Preoperative radiographs. Figure 2 C.
Immediately radiographs after surgery. Figure 2D. 3 month postoperative radiographs
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Table 1 Principal demographic and clinical features of patients studied

Nonunion Grade Grade lll Grade IV

Item Group A Group B Group C P-value Group A Group B Group C P-

value

Age 23(19to 26 (18 to 28 (20 to 0.71 23(19to 28 (22 to 24 (18 to 0.06
50) 38) 46) 30) 38) 31)

Sex M/F 10/1 7/0 7/0 052 10/0 6/1 9/2 0.38

Injured side L/R 7/4 3/4 3/4 0.59 6/4 3/4 5/6 0.73

Dominance Y/N 9/2 4/3 4/3 042 6/4 5/2 6/5 0.77

Time from initial injury to surgery (Mo) 8(to24) 7Bto16) 8((Bto10) 048 106to15 9®Bto15 11 (©Bto24) 067

Current smoker Y/N 3/8 2/5 2/5 0.99 3/7 2/5 4/7 093

Diabetes Y/N 2/9 1/6 2/5 0.78 2/8 1/6 1/10 0.78

Group A, open surgery debridement, bone grafting, and internal fixation; Group B, percutaneous Screw Fixation; Group C,percutaneous screw fixation and PRP

injection. M male, F female, L left, R right, Y yes, N no, Mo month

Table 2 Pre- and post-operative clinical outcomes of the three surgical methods for patients

Nonunion Grade Gradellll Grade IV

Item Group A Group B Group C P-value Group A Group B Group C P-value
Consolidation rate 90.91% 100% 100% 052 90.00% 71.43% 90.91% 0.46
VSA scale (mm)

Preoperative 55(40 to 60) 50(45 to 60) 50(40 to 60) 0.36 55(40 to 60) 50(40 to 67) 55(45 to 60) 0.94
Post-operative

7 days 45(30t0 55 32(25t045)* 20(10t0 30)° <0.01 35Q25t050)° 2501040  15(10t020)° <001
3 months 20(15 to 30)° 20(10 to 25) 15(0to 15)° <0.01 20 (10 to 30)° 35(20 to 30)° 15(10 to 30)* <0.01
6 months 15(0 to 30) 10(5 to 20) 5(0to 15) 0.17 10(0 to 30)° 25(15 to 30)°¢ 10(0 to 30)° 0.01
12 months 5(0 to 30) 0(0to 15) 0(0to 10) 035 8(0 to 30)° 20(10t0 30 5(0to 30)° 001
Mayo wrist score

Preoperative 60(50 to 70) 65(60 to 70) 65(50 to 70) 0.55 60(50 to 70) 65(50 to 65) 60(50 to 65) 0.27
Post-operative

3 months 75(70 to 95)° 80(80t0 85)°  95(80t0 95)°® 0.01 80(70 to 85)¢ 80(65 to 85)¢ 90(70 to 95)°° <0.01
6 months 95(75 to 100) 95(90to 100) 95(90to 100) 0.18 90(70 to 95)° 85(65 to 85)°¢ 90(70 to 95)° 0.01
12 months 95(75 to 100) 95(90to 100) 95(90to 100) 0.18 98(70to 100)°  85(65 to 95)* 95(70t0 100)°  0.02

a. Compared with group A, p<0.05; b. Compared with group B, p<0.05; c. Compared with group C, p<0.05; Group A, open surgery debridement, bone grafting, and
internal fixation; Group B, percutaneous Screw Fixation; Group C,percutaneous screw fixation and PRP injection

during the operation or suffered from any postoperative
complications.

There was no significant difference in the consolida-
tion rate among the three surgical groups in patients with
Grade III SNU (p=0.52). In patients with Grade IV SNU,
the consolidation rate was lower in group B than that in
group A and group C, though these differences were not
significantly different (p=0.46) (Table 2) (Fig. 3A-B.).

Regarding pain and wrist function, in patients with
Grade III SNU, at 7 days after surgery, the VAS score was
significantly lower in group C than in group A (p<0.01)
or group B (p<0.01); the VAS score was also significantly
lower in group B than in group A (p=0.02). At 3 months,
the VAS score was significantly lower in group C than
in group A (p<0.01), and the Mayo wrist score was sig-
nificantly higher in group C than in groups A (p<0.01)
or B (p=0.03). However, there were no significant differ-
ences in VAS and Mayo scores among the three groups
at 6 months or 12 months. In patients with Grade IV
SNU, at 7 days after surgery, the VAS score was signifi-
cantly lower in group C than in group A (p<0.01) and

group B (p<0.01); the VAS score was significantly lower
in group B than in group A (p=0.02). At 3 months, the
VAS score was significantly lower in group C than in
group A (p<0.01) or group B (p<0.01), and the Mayo
wrist score was significantly higher in group C than in
group A (p<0.01) or group B (p<0.01). At 6 months and
12 months, the VAS score was significantly lower, and the
Mayo wrist score was significantly higher in group A and
group C than in group B (P<0.05). The VAS and Mayo
scores of group A and group C were not significantly dif-
ferent at 6 months or 12 months after surgery (Table 2)
(Fig. 3C-E).

Discussion

Percutaneous screw fixation and PRP injection may achieve
the same outcomes as open surgery with bone grafting in
Slade and Dodds Grade IV SNU

At present, most guidelines and expert consensus state-
ments suggest that percutaneous screw fixation is the
optimal treatment strategy for Slade and Dodds Grade
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Fig. 3 A-B. Consolidation rate of the three surgical methods for patients with Slade and Dodds Grade Ill and IV SNU. Group A, open surgery debridement,
bone grafting, and internal fixation; Group B, percutaneous Screw Fixation; Group C, percutaneous screw fixation and PRP injection. ns=not statistically
significant. Figure 3 C-F. Pre- and post-operative VSA and Mayo wrist score of the three surgical methods for patients with Slade and Dodds Grade Ill and
IV SUN. %, p<0.05, **, p<0.01; Pre = Preoperative, Post-7d = Post- operative 7 days, Post-3 m = Post- operative 3 months, Post-6 m = Post- operative 6 months,

Post-12 m = Post- operative 12 months

I-III SNU whereas Grade V-VI SNU require open
debridement and bone grafting in addition to fixation,
and the most appropriate treatment for Grade IV SNU
remains controversial [9, 12, 13]. The treatment of the
fracture ends and establishment of a microenvironment
that promotes fracture healing are the main controversies
at present.

The advantage of open surgery combined with bone
grafting is that debridement and reduction of the fracture
can be directly visualized. Bone grafting can be used to
construct bone ingrowth medium and the pedicled tis-
sue can promote neovascularization and establishment
of an additional blood supply, which is widely applicable
to all grades of nonunion, especially Grade V—VI SNU
[14]. However, some surgeons argue that the sclerotic
bone at the fracture ends does not necessarily require
open debridement, percutaneous reaming is sufficient to
clear sclerotic bone [15-18]. According to Mahmoud and
Koptan, extensive bone resorption at the fracture ends is
not an absolute indication for bone grafting. The fracture
end of the nonunion is wrapped by a “cap-like structure”
formed by fibrous tissue or cartilage, which stabilizes
the local area and concentrates growth factors [9]. Capo
et al. even demonstrated that Grade IV SNU could be
treated by percutaneous nail fixation alone without sup-
plemental bone grafting [8]. Although pedicled tissue

can promote the formation of additional blood vessels, it
is doubtful whether pedicled tissue can provide a stable
blood supply; moreover, the original blood supply may
be destroyed by the incision. In contrast, PRP is a sup-
raphysiological concentration of platelets, rich in growth
factors and other cytokines that promote cell prolifera-
tion and bone tissue healing [19]. PRP has been proved
to improve the healing rate of SNU in open surgery [1,
11, 20]. Base on this finding, we speculate that PRP may
expand the indications of percutaneous screw fixation for
the treatment of Grade IV SNU.

Our retrospective study showed that all three types
of surgery led to similarly high union healing rates for
Grade III SNU, and most cases had healed at 3 months
after surgery. For Grade IV SNU, the healing rate was
higher in group C and group A than in group B, though
the differences were not statistically significant. During
follow-up, we observe that three patients with a Grade
IV SNU treated by percutaneous screw fixation alone
(Group B) exhibited no obvious signs of bone healing at
3 months after surgery, unlike other groups. one patient
was lost to follow-up, and two patients were excluded
from the analysis as they underwent subsequent surgery
within 6 months. As a result, we rarely conducted percu-
taneous screw fixation alone on subsequent patients with
Grade IV SNU, prompting us to explore the feasibility
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of PRP to strengthen percutaneous screw fixation for
Grade IV SNU. In general, the results of this study are
consistent with the conclusions of previous studies that
reported percutaneous fixation is a suitable treatment
for Grade I-1II SNU [4-9]. However, caution should be
exercised when using percutaneous treatment alone for
Grade IV SNU, as its therapeutic effects were still lower
than open surgery with bone grafting and internal fixa-
tion, although not statistically significant. The addition
of PRP (group C) may account for the improvement of
percutaneous Screw Fixation alone (group B), even led
to similar outcomes as incision (group A). Therefore, we
suggest that percutaneous screw fixation combined with
PRP injection may be an effective alternative to incision
for the treatment of Grade IV SNU.

Treatment of SNU with percutaneous screw fixation and
PRP injection is likely to reduce early postoperative pain
and promotes the recovery of wrist function

As most patients with SNU are young, bone healing is
only the basic goal of treatment; effective, rapid recovery
of wrist function is the ultimate treatment goal. In addi-
tion, in our previous clinical experience, many patients
still report long-term pain and wrist movement disor-
ders after surgery that significantly adversely affect their
life and work. Therefore, orthopedic surgeons seek a new
therapeutic technique to promote the recovery of wrist
function.

PRP is widely used and achieves good results in the
treatment of osteochondral injury and various types
of arthritis [21, 22]. Namazi et al. showed that injec-
tion of PRP in patients with Herbert B2 scaphoid frac-
tures treated with plaster immobilization significantly
reduced pain at rest and improved wrist function scores
[2]. Moreover, De Vitis R et al. find that PRP may improve
wrist function, and relieve pain after 3 months from open
surgery [1]. However, there have been no previous stud-
ies of the effect of PRP on pain and function in patient
received percutaneous screw fixation.

In this study, in both Grade III and Grade IV SNU,
group C had significantly better Mayo scores and VAS
scores than group A or group B in the early stages after
surgery (3 months). This indicates that the effects of
PRP—in terms of reduced pain and improved joint func-
tion—are mainly sustained in the first 3 months. Interest-
ingly, in both Grade III and Grade IV SNU, some patients
treated with open surgery debridement, bone grafting,
and internal fixation (group A) who were radiologically
diagnosed with bone healing still reported obvious wrist
pain and limited joint activity, although their scores were
better than those of patients with a nonunion that did
not heal radiologically. We speculate that joint capsule
damage or scar contracture may cause this pain and limit
joint function. Therefore, we conclude that percutaneous
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screw fixation with PRP injection may be a superior
alternative to incision for the treatment of Grade III and
Grade IV SNU.

Limitations

This was a single-center retrospective study with a
small sample size, the measurement indicators may be
affected by the patients’ subjective opinions, and the
average follow-up duration was 1 year. Thus, additional
analyses of prospective large cohort treated at multiple
centers with longer follow-up periods are necessary to
confirm the conclusions of this paper. The effect of PRP
in patients except Grade III and IV SNU needs further
demonstrated.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512891-023-06320-1.

[ Supplementary Material 1 J

Acknowledgements
Not applicable.

Author contributions

All authors contributed to the study conception and design. Material
preparation, data collection, analysis and manuscript draw up were performed
by Zhenye Zhong, Meiyang Wei and Zhaoying Jiang. Kaifeng Lin is the
corresponding author.

Funding
This research is supported by the Natural Science Foundation of Fujian
Province (N0.2019J01519).

Availability of data and materials
The datasets used or analyzed during the current study are available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This is a retrospective study. The study was approved by The Research Ethics
Committee of the 900th Hospital of Joint Logistics Support Force. All methods
were carried out in accordance with Declaration of Helsinki. Informed consent
was obtained from all individual participants included in the study.

Consent to publish
The authors affirm that human research participants provided informed
consent for publication of the images in Figure(s) 1, 2 and 3.

Competing Interests
The authors have no relevant financial or non-financial interests to disclose.

Received: 3 December 2022 / Accepted: 14 March 2023
Published online: 17 March 2023

References

1. De Vitis R, Passiatore M, Perna A, et al. 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. https://doi.org/10.1055/5-0040-1710387.


http://dx.doi.org/10.1186/s12891-023-06320-1
http://dx.doi.org/10.1186/s12891-023-06320-1
http://dx.doi.org/10.1055/s-0040-1710387

Zhong et al. BMC Musculoskeletal Disorders

(2023) 24:204

Namazi H, Kayedi T. Investigating the effect of intra-articular platelet-rich
plasma injection on Union: Pain and function improvement in patients with
scaphoid fracture. J Hand Microsurg. 2016;8:140-4. https://doi.org/10.105
5/5-0036-1597088.

Slade JF 3rd, Dodds SD. Minimally invasive management of scaphoid non-
unions. Clin Orthop Relat Res. 2006;445:108-19. https://doi.org/10.1097/01.
bl0.0000205886.66081.9d.

Jones DB Jr, Burger H, Bishop AT, Shin AY. Treatment of scaphoid waist
nonunions with an avascular proximal pole and carpal collapse. Surgi-

cal technique. J Bone Joint Surg Am 91 Suppl. 2009;2169-83. https://doi.
0rg/10.2106/jbjs1.00444.

Lim TK, Kim HK, Koh KH, Lee HI, Woo SJ, Park MJ. Treatment of avascular
proximal pole scaphoid nonunions with vascularized distal radius bone
grafting. J Hand Surg Am 38, 1906-1912.1901, https://doi.org/10.1016/j.
jhsa.2013.07.025 (2013).

Munk B, Larsen CF. Bone grafting the scaphoid nonunion: a systematic review
of 147 publications including 5,246 cases of scaphoid nonunion. Acta Orthop
Scand. 2004;75:618-29. https://doi.org/10.1080/00016470410001529.

Tada K, Ikeda K, Nakada M, Matsuta M, Murai A, Tsuchiya H. Screw fixation
without bone grafting for scaphoid fracture nonunion. J Clin Orthop Trauma.
2021;13:19-23. https://doi.org/10.1016/jjcot.2020.08.026.

Capo JT, Shamian B, Rizzo M. Percutaneous screw fixation without bone graft-
ing of scaphoid non-union. Isr Med Assoc J. 2012;14:729-32.

Mahmoud M, Koptan W. Percutaneous screw fixation without bone grafting
for established scaphoid nonunion with substantial bone loss. J Bone Joint
Surg Br. 2011;93:932-6. https://doi.org/10.1302/0301-620x.93b7.25418.

von Ruden C, Morgenstern M, Hierholzer C, et al. The missing effect of human
recombinant bone morphogenetic proteins BMP-2 and BMP-7 in surgical
treatment of aseptic forearm nonunion. Injury. 2016;47:919-24. https://doi.
0rg/10.1016/j.injury.2015.11.038.

R DEV, Passiatore M, Perna A, CilliV, Ponzo |, Taccardo G. Does the Use

of Gelled platelet-rich plasma during fixation of Subacute Proximal Pole
Scaphoid Fractures help? - a single centre experience. J Hand Surg Asian Pac.
2022;27:615-22. https://doi.org/10.1142/52424835522500588.

Hegazy G. Percutaneous screw fixation of Scaphoid Waist fracture Non-
Union without Bone Grafting. J Hand Microsurg. 2015;7:250-5. https://doi.
0rg/10.1007/512593-015-0194-2.

20.

21.

22.

3.

Page 7 of 7

Ernst SMC, Green DP, Saucedo JM. Screw fixation alone for scaphoid fracture
Nonunion. J Hand Surg Am. 2018;43:837-43. https://doi.org/10.1016/].
jhsa.2018.03.048.

Yeo JH, Kim JY. Surgical Strategy for Scaphoid Nonunion Treatment. J Hand
Surg Asian Pac. 2018;23:450-62. https://doi.org/10.1142/52424835518300049.
Mclnnes CW, Giuffre JL. Fixation and Grafting after Limited Debridement

of Scaphoid Nonunions. J Hand Surg Am. 2015;40:1791-6. https://doi.
0rg/10.1016/j.jhsa.2015.05.022.

Slade JF 3rd, Geissler WB, Gutow AP, Merrell GA. Percutaneous internal
fixation of selected scaphoid nonunions with an arthroscopically assisted
dorsal approach. J Bone Joint Surg Am 85-A Suppl. 2003;420-32. https://doi.
0rg/10.2106/00004623-200300004-00003.

Capo JT, Orillaza NS Jr, Slade JF 3. Percutaneous management of scaph-

oid nonunions. Tech Hand Up Extrem Surg. 2009;13:23-9. https://doi.
0rg/10.1097/BTH.0b013e3181877644.

Gurger M, Yilmaz M, Yilmaz E, Altun S. Volar percutaneous screw fixation

for scaphoid nonunion. Niger J Clin Pract. 2018;21:388-91. https://doi.
0rg/10.4103/njcp.njcp_24_17.

Engebretsen L, Steffen K, Alsousou J, et al. IOC consensus paper on the use
of platelet-rich plasma in sports medicine. Br J Sports Med. 2010;44:1072-81.
https://doi.org/10.1136/bjsm.2010.079822.

Aslam MZ, Ip J, Ahmed SK, et al. Role of platelet rich plasma in fracture non-
union of scaphoid - case series. J Pak Med Assoc. 2021,71(Suppl 5):103-s106.
Wang CL, Zhang J, Cao KX. [Headless pressure screw with local compli-
cation of PRP for the treatment of intra-articular fracture of old meta-

tarsall. Zhongguo Gu Shang. 2018;31:953-6. https://doi.org/10.3969/j.
issn.1003-0034.2018.10.015.

GuW, LiT, Shi Z et al. Management of Hepple Stage V Osteochondral Lesion
of the Talus with a Platelet-Rich Plasma Scaffold. Biomed Res Int 2017,
6525373, https://doi.org/10.1155/2017/6525373 (2017).

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


http://dx.doi.org/10.1055/s-0036-1597088
http://dx.doi.org/10.1055/s-0036-1597088
http://dx.doi.org/10.1097/01.blo.0000205886.66081.9d
http://dx.doi.org/10.1097/01.blo.0000205886.66081.9d
http://dx.doi.org/10.2106/jbjs.I.00444
http://dx.doi.org/10.2106/jbjs.I.00444
http://dx.doi.org/10.1016/j.jhsa.2013.07.025
http://dx.doi.org/10.1016/j.jhsa.2013.07.025
http://dx.doi.org/10.1080/00016470410001529
http://dx.doi.org/10.1016/j.jcot.2020.08.026
http://dx.doi.org/10.1302/0301-620x.93b7.25418
http://dx.doi.org/10.1016/j.injury.2015.11.038
http://dx.doi.org/10.1016/j.injury.2015.11.038
http://dx.doi.org/10.1142/s2424835522500588
http://dx.doi.org/10.1007/s12593-015-0194-2
http://dx.doi.org/10.1007/s12593-015-0194-2
http://dx.doi.org/10.1016/j.jhsa.2018.03.048
http://dx.doi.org/10.1016/j.jhsa.2018.03.048
http://dx.doi.org/10.1142/s2424835518300049
http://dx.doi.org/10.1016/j.jhsa.2015.05.022
http://dx.doi.org/10.1016/j.jhsa.2015.05.022
http://dx.doi.org/10.2106/00004623-200300004-00003
http://dx.doi.org/10.2106/00004623-200300004-00003
http://dx.doi.org/10.1097/BTH.0b013e3181877644
http://dx.doi.org/10.1097/BTH.0b013e3181877644
http://dx.doi.org/10.4103/njcp.njcp_24_17
http://dx.doi.org/10.4103/njcp.njcp_24_17
http://dx.doi.org/10.1136/bjsm.2010.079822
http://dx.doi.org/10.3969/j.issn.1003-0034.2018.10.015
http://dx.doi.org/10.3969/j.issn.1003-0034.2018.10.015
http://dx.doi.org/10.1155/2017/6525373

	﻿Comparative effectiveness of three treatment options for slade and dodds grade III-IV scaphoid nonunion: a retrospective study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study Design and setting
	﻿Surgical techniques
	﻿Postoperative management
	﻿Clinical and radiological evaluations
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Percutaneous screw fixation and PRP injection may achieve the same outcomes as open surgery with bone grafting in Slade and Dodds Grade IV SNU
	﻿Treatment of SNU with percutaneous screw fixation and PRP injection is likely to reduce early postoperative pain and promotes the recovery of wrist function
	﻿Limitations

	﻿References


