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Abstract
Objectives  Scaphoid fractures represent the most common type of carpal fracture. This study aimed to 
retrospectively evaluate and compare the therapeutic efficacy of wrist arthroscopy-assisted fixation versus 
conventional open reduction with fixation for scaphoid fractures.

Methods  We conducted a retrospective cohort study involving 159 patients with acute scaphoid fractures. 
Participants were stratified into two groups: the open reduction with fixation group (underwent open reduction and 
fixation) and the Arthroscopy group (received wrist arthroscopy-assisted fixation). Comparative analyses included 
operative duration, hospitalization length, fracture union time, and Visual Analog Scale (VAS) pain scores. Wrist 
functionality and range of motion were assessed using the Mayo wrist joint function scoring scale. Additionally, 
patient satisfaction was evaluated through a standardized questionnaire.

Results  Following propensity score matching (PSM), 54 matched pairs were analyzed. Baseline characteristics 
showed no significant intergroup differences. The Arthroscopy group exhibited statistically superior outcomes, 
including shorter operative time, reduced hospitalization, accelerated fracture union, and lower postoperative VAS 
scores. Mayo Wrist Scores were significantly higher in the Arthroscopy group, indicating better functional recovery. 
Furthermore, the Arthroscopy group demonstrated a lower overall complication rate and significantly improved 
scores in both physical and psychological assessment domains.

Conclusions  Wrist arthroscopy-assisted fixation significantly enhances postoperative recovery, yielding superior 
functional outcomes, reduced complications, and higher patient satisfaction compared to the open reduction with 
fixation group. This technique represents a promising approach for optimizing scaphoid fracture management.
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Introduction
The scaphoid fracture is the most prevalent carpal frac-
ture, disproportionately affecting young males and con-
stituting approximately 2–7% of all systemic fractures 
and 70–80% of wrist fractures [1–3]. The scaphoid’s 
unique anatomical position and biomechanical proper-
ties render it vulnerable to complex stress distributions 
during wrist motion, predisposing it to fractures [4, 5]. 
Management of scaphoid fractures remains clinically 
challenging due to the bone’s tenuous vascular supply. 
The proximal pole relies predominantly on retrograde 
intraosseous perfusion from radial artery branches, 
increasing the risk of post-fracture avascular necrosis 
(AVN) and impaired union [6, 7]. Consequently, select-
ing an optimal treatment strategy is critical for achieving 
favorable prognostic outcomes.

Open reduction and fixation have long been the 
gold standard for scaphoid fracture management [8]. 
While effective in achieving anatomical reduction, this 
approach necessitates extensive soft tissue dissection, 
inevitably compromising the joint capsule and wrist liga-
ment integrity. Such iatrogenic trauma may subsequently 
impair postoperative functional recovery and elevate 
risks of delayed union or nonunion [9, 10]. The evolution 
of minimally invasive techniques has introduced wrist 
arthroscopy-assisted fixation as a promising alternative 
[11, 12]. This modality offers distinct advantages, includ-
ing reduced iatrogenic soft tissue injury, preservation 
of vascular integrity, enhanced fracture healing kinet-
ics, and decreased immobilization duration. However, 
its broader clinical adoption requires further validation 
through long-term outcome studies [13, 14].

Despite the demonstrated advantages of wrist arthros-
copy-assisted fixation, its clinical adoption remains lim-
ited, and comparative evidence against conventional 
open reduction and fixation is still insufficient. This study 
aims to conduct a comprehensive retrospective analysis 
comparing the therapeutic efficacy of these two surgical 
approaches for scaphoid fractures. Through systematic 
evaluation of clinical outcomes, we seek to: (1) delin-
eate the respective advantages and limitations of each 
technique, (2) establish evidence-based indications for 
their application, and (3) provide robust scientific data 
to optimize clinical decision-making in scaphoid fracture 
management.

Materials and methods
Inclusion and exclusion criteria
We conducted a retrospective cohort study analyz-
ing clinical data from patients treated at our institution 
between January 2019 and January 2024. The study pro-
tocol received approval from the Institutional Review 
Board.

Inclusion criteria  ① Radiologically confirmed scaphoid 
fracture (X-ray, computed tomography (CT), or Mag-
netic Resonance Imaging (MRI)); ② Surgical treatment 
with either: Wrist arthroscopy-assisted fixation, or Open 
reduction and fixation; ③ Age 18–65 years ④ Acute uni-
lateral fracture (time from injury to surgery ≤ 7 days); ⑤ 
Minimum 6-month follow-up with complete clinical data.

Exclusion criteria  ① Pathological fractures or non-acute 
injuries (> 1 week); ② Concomitant wrist fractures or sig-
nificant soft tissue damage; ③ Previous wrist surgery or 
pre-existing wrist dysfunction; ④ Comorbid conditions 
including: Degenerative arthritis, Osteoporosis (T-score 
<-2.5), Neoplastic disease, Major organ dysfunction; ⑤ 
Cognitive or psychiatric disorders affecting compliance.

A total of 159 patients met the above criteria and 
were included in this study. Patients who underwent 
open reduction and fixation surgery were included in 
the Open group (n = 88), while patients who underwent 
wrist arthroscopy-assisted fixation surgery were included 
in the Arthroscopy group (n = 71). This study has been 
approved by the Ethics Review Committee.

Operative procedure
Wrist arthroscopy-assisted fixation: The patient was 
positioned in the supine position under brachial plexus 
anesthesia, with a pneumatic tourniquet applied to the 
proximal third of the affected limb. Surgical approaches 
were established through the radial aspect com-
bined with 3–4 and 4–5 portals. A 0.5  cm incision was 
made, through which a 1.9–2.7  mm wrist arthroscope 
was inserted for intraarticular visualization. Under 
arthroscopic guidance, the scaphoid fracture was clearly 
identified, followed by debridement of intra-articular 
hematomas and soft tissue interposition. Fracture reduc-
tion was achieved and stabilized using a single Acutrak 
headless compression screw. Final arthroscopic verifica-
tion confirmed appropriate screw positioning and ana-
tomical fracture alignment. The surgical portals were 
closed routinely.

Open reduction and fixation: The patient underwent 
brachial plexus anesthesia with a pneumatic tourniquet 
applied to the proximal third of the affected limb. A 
3–4 cm volar approach centered over the scaphoid tuber-
cle was utilized. The radial artery and flexor carpi radialis 
tendon were meticulously mobilized and retracted radi-
ally to expose the radio scaphoid joint capsule, which 
was subsequently incised along the longitudinal axis of 
the scaphoid to facilitate fracture reduction. Definitive 
fixation was achieved using a single Acutrak headless 
compression screw under fluoroscopic guidance. Post-
reduction imaging confirmed anatomical alignment and 
optimal screw trajectory. The surgical portals were closed 
routinely.
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All procedures were performed by two fellowship-
trained hand surgeons with over 10 years of clinical 
experience.

Postoperative care
Both groups were immobilized with short-arm casts 
postoperatively and received standardized prophylactic 
antibiotic therapy. Supervised rehabilitation, including 
active-assisted wrist mobilization exercises and regular 
wound assessment, was initiated 24  h after surgery. All 
patients underwent postoperative CT within 24  h to 
verify adequate fracture reduction and optimal implant 
placement. Sutures were removed at 2 weeks postop-
eratively. Cast immobilization was gradually discontin-
ued between 2 and 4 weeks based on individual healing 
progression, followed by progressive functional rehabili-
tation. Serial radiographic assessments (X-ray and CT) 
were performed at 4-week intervals to objectively evalu-
ate fracture union status.

Data collection

1)	 General information: Patients’ gender, age, BMI, 
fracture side, injury mechanism, Herbert type and 
follow-up time were collected through medical 
records.

2)	 Surgical indicators: surgery time, duration of hospital 
stays, union time of fracture and visual analogue 
scale (VAS) pain scores [15] before surgery, on 
the day of surgery and 2 weeks after surgery were 
collected.

3)	 Wrist joint function score and range of motion: the 
modified Mayo wrist joint function score scale [16] 
was used to evaluate the functional recovery before 
surgery, 3 months after surgery and 6 months after 
surgery. The range of motion of the wrist joint was 
assessed using a protractor before surgery, 3 months 
after surgery and 6 months after surgery, including 
flexion, extension, radial deviation and ulnar 
deviation.

4)	 Complications: The occurrence of complications 
such as infection, delayed union, traumatic arthritis, 
non-union or osteonecrosis will be recorded through 
follow-up.

5)	 Quality of life and satisfaction: We used the 
WHOQOL-BREF scale [17] to assess the quality of 
life (physiological, psychological, social relationships 
and environmental) before and 6 months after 
surgery. Patient satisfaction with treatment outcomes 
were collected through a questionnaire survey 
(satisfied, generally satisfied and unsatisfied).

Propensity score matching (PSM)
To address potential selection bias, PSM was used to 
match two groups of patients based on gender, age, BMI, 
fracture side, injury mechanism, and baseline character-
istics of Herbert fracture type, to reduce the influence 
of confounding factors on the results. The specific steps 
include calculating the propensity score for each patient, 
setting the matching tolerance to 0.02 and performing 
a 1:1 match between the two groups using the nearest 
neighbour matching method.

Statistical analysis
All statistical analyses were performed using SPSS ver-
sion 27.0 (IBM Corp., Armonk, NY, USA). Continuous 
variables were assessed for normality using the Shapiro-
Wilk test. Normally distributed data were expressed as 
mean ± standard deviation (SD) and analyzed using inde-
pendent samples t-tests. Non-normally distributed data 
were presented as median (interquartile range [IQR]: 
Q1-Q3) and compared using the Mann-Whitney U test 
(Wilcoxon rank-sum test). Categorical variables were 
reported as frequencies (percentages) and analyzed using 
Pearson’s chi-square test or Fisher’s exact test, as appro-
priate. A two-tailed p-value < 0.05 was considered statis-
tically significant for all analyses.

Results
Patient characteristics before and after PSM
Table  1 summarizes the baseline characteristics of 
patients in the arthroscopy-assisted fixation group 
(Arthroscopy group) and open reduction internal group 
(Open group) both before and after PSM.

Prior to PSM, the Arthroscopy group was signifi-
cantly older than the Open group (33.21 ± 5.80 years 
vs. 31.07 ± 5.92 years, P = 0.023). While not statistically 
significant, the Open group had higher proportions of 
male patients (46.6% vs. 32.4%, P = 0.070) and right-
sided fractures (60.2% vs. 45.1%, P = 0.057) compared to 
the Arthroscopy group. No significant differences were 
observed between groups for body mass index, injury 
mechanism, Herbert fracture classification, or follow-up 
duration (all P > 0.05).

Following 1:1 PSM, 54 well-matched patient pairs were 
included in each treatment group. All baseline charac-
teristics demonstrated excellent balance between groups 
after matching, with no statistically significant differences 
remaining (all P > 0.05). Standardized mean differences 
for all covariates were reduced below 0.1, indicating suc-
cessful achievement of covariate balance between treat-
ment groups.
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Comparison of multiple clinical indicators between the 
arthroscopy group and the open group
After PSM, the Arthroscopy group demonstrated clini-
cally meaningful improvements in several outcomes 
compared to the Open group (Table 2). The surgery time 
in the Arthroscopy group was 52.07 ± 6.39  min, which 
was shorter than that in the Open group 70.37 ± 7.30 min 
(P < 0.05). The median duration of hospital stay was 6 
days shorter in the Arthroscopy group than in the Open 
groups (4 (3, 4) days vs. 10 (9, 12) days; P < 0.05). In addi-
tion, the median fracture union time was accelerated by 
3 weeks in the Arthroscopy group (10 (9,12) weeks vs. 
13 (12,15) weeks; P < 0.05). Besides, the VAS pain scores 
of the two groups were similar on day 0 after surgery (8 
(8, 9) vs. 8 (7, 8)), but the VAS score of the Arthroscopy 
group was lower at 2 weeks after surgery (3 (3, 4) vs. 5 
(4,5), P < 0.05).

The modified Mayo score in the Arthroscopy group 
and Open groups before surgery were 52.76 ± 4.55 and 
52.94 ± 4.07, respectively, with no significant difference 
(P > 0.05). However, the scores in the Arthroscopy group 
at 3 and 6 months after surgery were 80.47 ± 6.78 and 
90.35 ± 2.99, which were higher than that in the Open 
groups (75.54 ± 6.69 and 81.19 ± 2.78, P < 0.05), indicating 
better recovery of wrist joint function in the Arthroscopy 
group. For the range of motion, in terms of flexion, exten-
sion, radial deviation and ulnar deviation, the Arthros-
copy group was better than the Open groups at 3 and 6 
months after surgery (P < 0.05). The Arthroscopy group 
demonstrated a lower overall incidence of complications 

(P < 0.05), especially specific complications such as infec-
tion, traumatic arthritis and non-union or osteonecrosis 
(5.6%) than the Open group (20.4%).

Comparison of quality of life and satisfaction between two 
groups of patients
At 6 months postoperatively, the Arthroscopy group 
reported modest but consistent improvements in qual-
ity of life (Table 3). There were no significant differences 
between the two groups in the physiological, psychologi-
cal, social relationships, and environmental domains of 
the WHOQOL-BREF scores before surgery (P > 0.05). 
However, at 6 months postoperatively, the Arthroscopy 
group showed higher scores across both physiologi-
cal and psychological domains compared to the Open 
group (16.54 ± 1.07 vs. 15.12 ± 1.39 and 18.45 ± 1.46 vs. 
17.39 ± 1.56, P < 0.05), indicating greater improvements 
in quality of life. For social relationships, although the 
scores in the Arthroscopy group were higher than those 
in the Open group, the difference was not significant 
(19.01 ± 1.33 vs. 18.56 ± 1.42, P = 0.095). For the environ-
mental domains, the scores of the Arthroscopy group 
and Open group were 17.73 ± 1.30 and 17.55 ± 1.44 at 
6 months after surgery, with no significant difference 
(P = 0.490). In addition, the level of patient satisfaction, 
overall satisfaction (including satisfied and generally sat-
isfied), was higher in the Arthroscopy group (94.4%) than 
in the Open group (83.3%, P = 0.066).

Table 1  Baseline characteristics before and after PSM
Characteristics Before matching (n = 159) After matching (n = 108)

Open
(n = 88)

Arthroscopy
(n = 71)

P value Open
(n = 54)

Arthroscopy
(n = 54)

P value

Gender 0.070 0.693
  Male 41 (46.6%) 23 (32.4%) 22 (40.7%) 20 (37%)
  Female 47 (53.4%) 48 (67.6%) 32 (59.3%) 34 (63%)
Age (years) 31.07 ± 5.92 33.21 ± 5.80 0.023 32.41 ± 5.88 32.74 ± 5.55 0.763
BMI (kg/m2) 24.40 ± 2.89 24.72 ± 2.59 0.468 24.63 ± 2.86 24.60 ± 2.75 0.960
Fracture side 0.057 0.847
  Left 35 (39.8%) 39 (54.9%) 27 (50%) 26 (48.1%)
  Right 53 (60.2%) 32 (45.1%) 27 (50%) 28 (51.9%)
Injury mechanism 0.562 0.797
  Traffic accident 30 (34.1%) 24 (33.8%) 19 (35.2%) 20 (37%)
  Fall during sports 30 (34.1%) 18 (25.4%) 16 (29.6%) 15 (27.8%)
  Fall from a height 15 (17%) 14 (19.7%) 9 (16.7%) 12 (22.2%)
  Others 13 (14.8%) 15 (21.1%) 10 (18.5%) 7 (13%)
Injury to operation time (d) 2.5 (1, 3) 3 (2, 4) 0.283 2 (1, 3) 2.5 (2, 3.5) 0.324
Herbert type 0.498 0.549
  B1 28 (31.8%) 27 (38%) 17 (31.5%) 18 (33.3%)
  B2 32 (36.4%) 29 (40.8%) 23 (42.6%) 23 (42.6%)
  B3 18 (20.5%) 9 (12.7%) 12 (22.2%) 8 (14.8%)
  B4 10 (11.4%) 6 (8.5%) 2 (3.7%) 5 (9.3%)
Follow-up time (m) 11.5 (9, 14) 12 (9, 14) 0.924 12 (9.25, 14.75) 11.5 (8, 14) 0.179
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Table 2  Clinical indicators after PSM
Indicators Open (n = 54) Arthroscopy (n = 54) P value
Surgery time (min) 70.37 ± 7.30 52.07 ± 6.39 < 0.001
Duration of hospital stay (d) 10 (9, 12) 4 (3, 4) < 0.001
Union time (w) 13 (12, 15) 10 (9, 12) < 0.001
VAS score
  Preoperative 7 (6, 7) 6.5 (5.25, 8) 0.828
  Postoperative day 0 8 (8, 9) 8 (7, 8) 0.039
  Postoperative 2 week 5 (4, 5) 3 (3, 4) < 0.001
Modified Mayo score
  Preoperative 52.91 ± 4.07 52.76 ± 4.55 0.859
  Postoperative 3 month 75.54 ± 6.69 80.47 ± 6.78 0.002
  Postoperative 6 month 81.19 ± 2.78 90.35 ± 2.99 < 0.001
Range of motion (°)
  Flexion
    Preoperative 28.93 ± 5.97 29.03 ± 4.59 0.929
    Postoperative 3 month 44.94 ± 6.12 48.02 ± 7.46 0.021
    Postoperative 6 month 48.75 ± 4.08 57.12 ± 4.37 < 0.001
  Extension
    Preoperative 28.67 ± 4.29 28.58 ± 4.30 0.907
    Postoperative 3 month 47.05 ± 5.78 49.93 ± 6.81 0.020
    Postoperative 6 month 50.35 ± 4.45 56.85 ± 5.24 < 0.001
  Radial deviation
    Preoperative 13.47 ± 2.47 13.79 ± 2.66 0.516
    Postoperative 3 month 15.08 ± 3.69 16.46 ± 2.94 0.034
    Postoperative 6 month 17.04 ± 3.20 20.69 ± 3.68 < 0.001
  Ulnar deviation
    Preoperative 17.40 ± 5.43 16.92 ± 5.37 0.873
    Postoperative 3 month 19.67 ± 4.17 21.83 ± 5.32 0.021
    Postoperative 6 month 21.86 ± 3.50 24.93 ± 3.65 < 0.001
Complications 11 (20.4%) 3 (5.6%) 0.022
  Infection 6 (11.1%) 2 (3.7%) 0.270
  Delayed union 1 (1.9%) 1 (1.9%) 1.000
  Traumatic arthritis 2 (3.7%) 0 (0%) 0.475
  Nonunion or osteonecrosis 2 (3.7%) 0 (0%) 0.475

Table 3  Patient quality of life and satisfaction after PSM
Indicators Open (n = 54) Arthroscopy (n = 54) P value
WHOQOL-BREF score
  Physiological
    Preoperative 11.36 ± 0.96 11.33 ± 1.03 0.908
    Postoperative 6 month 15.12 ± 1.39 16.54 ± 1.07 < 0.001
  Psychological
    Preoperative 13.40 ± 0.91 13.76 ± 0.92 0.046
    Postoperative 6 month 17.39 ± 1.56 18.45 ± 1.46 < 0.001
  Social relationships
    Preoperative 14.88 ± 0.69 14.82 ± 0.98 0.706
    Postoperative 6 month 18.56 ± 1.42 19.01 ± 1.33 0.095
  Environmental
    Preoperative 15.72 ± 0.91 15.62 ± 0.92 0.584
    Postoperative 6 month 17.55 ± 1.44 17.73 ± 1.30 0.490
Satisfaction level 45 (83.3%) 51 (94.4%) 0.066
  Satisfied 26 (48.1%) 32 (59.3%) 0.247
  Generally satisfied 19 (35.2%) 19 (35.2%) 1.000
  Unsatisfied 9 (16.7%) 3 (5.5%) 0.066
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Discussion
The blood supply system of scaphoid fracture is unique, 
and improper early treatment can easily lead to delayed 
healing or non-healing of fractures, thereby affecting 
wrist joint function [4, 18]. At present, wrist arthros-
copy-assisted fixation has shown satisfactory results 
in the clinical treatment of navicular fractures due to 
its minimally invasive advantages [19]. However, there 
is currently limited research comparing arthroscopic 
wrist arthroscopy-assisted fixation with open reduction 
and fixation. Our results indicated that compared with 
the Open group, the surgery time (52.07 ± 6.39  min vs. 
70.37 ± 7.30  min) and duration of hospital stay (4 (3, 4) 
days vs. 10 (9, 12) days) in the Arthroscopy group were 
shorter, and the VAS score at 2 weeks after surgery was 
lower than that in the Open group (3 (3,4) points vs. 5 
(4, 5) points), indicating that wrist arthroscopy-assisted 
fixation helps reduce patient pain and medical resource 
consumption. In addition, the Arthroscopy group had 
shorter fracture union time (10 (9, 12) weeks vs. 13 (12, 
15) weeks), which may be why it caused less damage to 
surrounding tissues and resulted in a faster postoperative 
recovery. Hu et al. [6] obtained similar research results to 
this study: for acute scaphoid fracture with fracture dis-
placement > 1 mm, arthroscopic assisted internal fixation 
results in shorter fracture union time and better recovery 
of wrist joint function. In addition, research has reported 
that wrist arthroscopy-assisted fixation treatment for 
navicular fractures facilitated early postoperative wrist 
function exercise and promoted wrist function recov-
ery [20]. Meanwhile, our study found that the incidence 
of serious complications such as infection, non-union 
or osteonecrosis was lower in the Arthroscopy group, 
further demonstrating the safety of wrist arthroscopy-
assisted fixation.

Minimally invasive surgery is an advanced surgical 
technique that has many advantages over traditional 
surgery [21]. In addition to minimal trauma, mild pain, 
shorter recovery times and fewer complications, improv-
ing quality of life is also a key consideration for many 
patients [22]. There were reports that compared with 
open reduction and internal fixation, wrist arthroscopy-
assisted fixation improves patients’ quality of life [23]. 
Similarly, this study found that both physiological and 
psychological outcomes were better in the Arthroscopy 
group compared to the Open group at 6 months post-
operatively, indicating some aspects of quality of life 
have improved. In addition, the overall satisfaction of the 
Arthroscopy group was slightly higher than that of the 
Open group. These findings emphasized the advantages 
of minimally invasive surgery in the treatment of scaph-
oid fractures.

In conclusion, wrist arthroscopy-assisted fixation can 
significantly shorten surgical time, hospital stay, and 

fracture union time, reduce postoperative pain, accel-
erate joint function recovery, and partially improve 
patients’ quality of life and satisfaction compared with 
open reduction and fixation. These findings demonstrate 
the advantages of minimally invasive surgery in the treat-
ment of scaphoid fractures.

Although this study achieved satisfactory results, there 
are certain limitations. (1) The relatively small sample 
size may limit the generalizability and statistical power 
of the results. (2) The follow-up time was relatively short. 
Although the short-term treatment effect is significant, 
the long-term effects (such as stability of fracture heal-
ing, sustained recovery of joint function, etc.) still need 
to be observed. (3) The results of this study may be influ-
enced by the region, hospital, and the technical level of 
the surgeon. (4) In the future, we will consider expand-
ing the sample size, extending follow-up time, adopting a 
prospective design, and taking into account the influence 
of other factors to more comprehensively evaluate treat-
ment efficacy.
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