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ABSTRACT 
Background Scaphoid fractures are the most frequent fractures of the carpal bones, comprising 70-80% of 
carpal fractures and about 11% of all fractures of the hand. Standard casting of the wrist leads to a union rate 
of 50-90% and a nonunion rate of 5-25%, especially problematic for the unstable fracture variants. As such, 
Percutaneous Herbert screw fixation is advantageous for providing rigid fixation while also keeping the 
fracture site blood supply intact and allowing for early range of motion to the joint. 
Objective The purpose of this study is to evaluate Union rates, functional disability scores, pain levels, and 
complication rates of acute scaphoid fractures fixed with percutaneous Herbert screw fixation in a tertiary 
care center and document the functional and radiological outcomes. 
Materials and Methods A prospective observational study was conducted over 29 months (August 2019-
December 2021) at the Department of Orthopaedics at Tertiary Care Centre, Nashik. Twenty-three 
consecutive patients with acute scaphoid fractures meeting strict inclusion criteria underwent percutaneous 
Herbert screw fixation via volar or dorsal approach. Functional assessment was performed using the 
Disabilities of the Arm, Shoulder and Hand (DASH) score, visual analog scale (VAS) for pain assessment, 
and radiological evaluation for fracture union at 6 weeks, 3 months, and 6 months postoperatively. 
Results Study cohort mean age was 29.65±8.19 years with males being the majority (91.3%, n=21). Right-
sided scaphoid fractures were noted in 56.5% (n=13) cases. The majority of injuries were caused by road 
traffic accidents (82.6%, n=19). In 95.7% (n=22) of cases the Volar percutaneous approach was used. 
Radiological union was attained in 100% of cases with mean union time of 7.8±1.5 weeks. With regard to the 
functional outcomes, 39.1% (n=9) of patients were excellent, 56.6% (n=13) were good, 4.3% (n=1) were 
satisfactory, while there were no poor outcomes (mean DASH score 8.1±4.2). Pain assessment showed that 
78.3% (n=18) of the patients had mild pain (VAS 1-2) postoperatively. Complications occurred in only 13% 
of cases, with no complications in 87% of the patients. Mean return to work was 9.2±2.8 weeks. 
Conclusion The advantages of percutaneous Herbert screw fixation for acute scaphoid fractures include 
100% radiological union, 95.7% functional (excellent-to-good) outcome, and low morbidity (13% 
complications, mostly minor). This technique promotes early mobilization and faster return to work (mean 
9.2 weeks vs > 11 weeks for conservative treatment) and prevents complications related to prolonged 
immobilization. These benefits position percutaneous fixation as the best option for young active patients 
with acute scaphoid fractures. This study also confirms percutaneous fixation as a safe and effective method 
to replace conservative treatment. 
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1. INTRODUCTION 
1.1 Clinical Significance of Scaphoid Fractures 
Scaphoid fractures are among the most commonly 
seen injuries to carpal bones in orthopedic care. 
These injuries represent 70-80% of total carpal 
fractures and around 11% of all hand fractures, with 
an estimated occurrence in the general population of 
1.47 fractures per 100,000 person-years[1]. The 
distinct anatomical and biomechanical features of the 
scaphoid, along with the high demands of most 
patients who experience these injuries, render 
management choices crucial for achieving long-term 
functional results 
1.2 Anatomical Considerations 
The scaphoid is a boat-like carpal bone located on the 
lateral (radial) side of the proximal carpal row. It 
connects with five adjacent bones: the distal radius, 
lunate, capitate, trapezium, and trapezoid. A key 
feature is that around 80% of the scaphoid surface is 
enveloped by articular cartilage, restricting the space 
for vascular access points[2]. 
The scaphoid's blood supply is notably at risk, as 
80% of its vascular supply comes from the dorsal 
branch of the radial artery via the non-articular dorsal 
ridge located at the waist. An independent volar 
arterial branch provides roughly 20-30% of the blood 
supply, mainly to the distal segment[2]. The 
proximal pole relies solely on intramedullary blood 
flow through retrograde supply, a trait that makes it 
especially vulnerable to avascular necrosis after a 
fracture at the waist level[3]. 
Encircling the scaphoid are seven ligaments that 
provide stability, with the scapholunate interosseous 
ligament (SLIL) acting as the main stabilizer of the 
scapholunate joint. In typical wrist movement, the 
scaphoid displays intricate three-dimensional 
motions that synchronize the kinematics of the 
proximal and distal rows of carpal bones[2]. 
1.3 Challenges in Scaphoid Fracture Healing 
Scaphoid fractures exhibit distinct healing 
difficulties due to the nearby joint fluid containing 
fibrinolysin, a compound that breaks down blood 
clots essential for bone recovery. The significant 
amount of fibrinolysin, approximately 80% of the 
scaphoid surface, hinders fracture healing unless the 
fragments are held in sufficiently close proximity to 
stop joint fluid from accessing the fracture site[3]. 
Inadequate reduction leads to fibrinolytic activity in 

the fracture gap, resulting in nonunion in a 
substantial number of improperly managed cases[2]. 
Factors that further impede healing include 
displacements over 1mm, diagnosis delays longer 
than 4 weeks, positioning at the waist or proximal 
pole, and a history of smoking, all of which 
significantly heighten the risk of nonunion[2]. 
2. AIMS AND OBJCTIVES 
2.1 Primary Objectives 

1. To evaluate functional outcomes of percutaneous 
Herbert screw fixation for acute scaphoid fractures 
using validated outcome measures (DASH score) 

2. To assess radiological union rates and fracture 
healing timelines following percutaneous fixation 

3. To determine safety and efficacy of the 
percutaneous approach by documenting 
complications and adverse events 
2.2 Secondary Objectives 

4. To document postoperative pain levels and their 
evolution during healing 

5. To assess postoperative complications and their 
management 

6. To evaluate return to work and resumption of 
occupational/sporting activities 

7. To compare our outcomes with published literature 
on percutaneous scaphoid fixation 

8. To establish predictive factors for excellent 
functional recovery 
3. MATERIALS AND METHODS 
3.1 Study Design 
A prospective observational study was conducted at 
the Department of Orthopaedics at Tertiary Care 
Centre, Nashik Maharashtra, India. The study period 
extended from August 2019 to December 2021 (29 
months). Institutional ethics committee approval was 
obtained prior to study commencement MVPS/Dr. 
VPMHCH& RC/IEC/37/2019-20 dated 21/11/2019, 
and all patients provided written informed consent. 
3.2 Study Setting 
The research took place at a tertiary care teaching 
hospital with 500 beds. The hand surgery department 
is manned by fellowship-trained surgeons skilled in 
percutaneous scaphoid fixation. 
3.3 Study Population and Sampling 
Non-probability sampling was used consecutively 
for selecting patients. All patients with acute 
scaphoid fractures who met the inclusion criteria 
were recruited until the desired sample size of 23 was 
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reached based on consecutive cases during the study 
period. 
3.4 Inclusion Criteria 
Patients were included if they met ALL of the 
following criteria: 

• Age ≥18 years 
• Acute scaphoid fracture (confirmed radiographically 

or via imaging) occurring within 4 weeks of 
presentation 

• Fracture displacement <1mm and/or gap <2mm 
between fragments 

• Undisplaced scaphoid fractures 
• Oblique scaphoid fractures 
• Displaced fractures amenable to closed reduction 
• Comminuted scaphoid fractures 
• Written informed consent obtained 

3.5 Exclusion Criteria 
Patients with the following were excluded: 

• Distal pole fractures (as these have different healing 
characteristics and management considerations) 

• Chronic nonunions with fracture nonunion >12 
weeks duration 

• Trans-scaphoid perilunate dislocations 
• Associated fractures of other carpal bones or 

significant metacarpal fractures requiring operative 
intervention 

• Multiple trauma patients with life-threatening 
injuries requiring different management priorities 
3.6 Data Collection 
Detailed preoperative evaluation was performed for 
all patients, including: 

• Complete clinical history including mechanism of 
injury, time from injury to presentation, associated 
symptoms 

• General and systemic examination to assess for 
medical comorbidities 

• Local examination including inspection, palpation 
(specifically anatomical snuffbox tenderness), range 
of motion assessment, and neurovascular 
examination 

• Radiographic evaluation including anteroposterior 
(AP), lateral, and scaphoid views (PA with ulnar 
deviation) 

• Additional imaging (CT or MRI) in select cases with 
equivocal radiographs 

• Preoperative investigation per institutional protocol 
All information was recorded in a standardized 
preoperative proforma (Annexure I). 

3.7 Surgical Technique 
3.7.1 General Principles 
All interventions were carried out with the patient in 
a supine position on the operating table, using either 
general or regional anesthesia. Complete aseptic 
precautions were implemented during standard 
surgical scrubbing, painting, and draping. 
Intraoperative fluoroscopy (C-arm imaging) was 
employed to assist in guide wire placement and 
confirm screw positioning. 
3.7.2 Volar Retrograde Approach (95.7% of 
cases) 
This approach was preferred for waist and distal 
fractures: 

1. Reduction and positioning: The hand was 
suspended vertically with longitudinal traction 
applied to reduce the fracture. The wrist was 
maintained in ulnar deviation to optimize scaphoid 
alignment. 

2. Entry point identification: The scaphoid tuberosity 
was palpated at the volar wrist crease. A 12- or 14-
gauge intravenous needle served as a trocar to guide 
the guide wire, with position confirmed 
fluorographically on the image intensifier in both AP 
and lateral views. 

3. Needle insertion: The needle was inserted into the 
scaphotrapezial joint in a retrograde manner, with 
careful confirmation of intra-articular positioning. 

4. Guide wire placement: A 1.6mm Kirschner wire 
was passed down through the needle and advanced 
across the fracture site under fluoroscopic guidance, 
maintaining reduction. Traction was removed at this 
point to avoid distraction across the fracture. 

5. Incision and drilling: A small 0.5cm longitudinal 
incision was made at the entry point. The 12- or 14-
gauge needle was removed and a cannulated drill 
(appropriate caliber for screw size) was passed over 
the guide wire, penetrating both cortices. 

6. Screw insertion: A self-tapping Herbert screw 
(typically 4.5mm diameter) was advanced over the 
guide wire, generating interfragmentary compression 
through the differential thread pitch mechanism 
(3.5mm proximal pitch, 3.0mm distal pitch). 

7. Compression confirmation: Compression of the 
fracture site was confirmed fluorographically on the 
image intensifier in multiple planes (AP, lateral, and 
45° oblique views as recommended by recent 
literature). 
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8. Closure: The guide wire was removed and the 
wound was closed with a single layer of 5-0 
absorbable sutures under the dermis, with skin 
closure using 4-0 monofilament sutures. A sterile 
compressive dressing was applied. 
3.7.3 Dorsal Anterograde Approach (4.3% of 
cases) 
Reserved for proximal pole fractures where dorsal 
positioning allows superior screw trajectory: 

1. Positioning and alignment: With the wrist flexed 
45° and pronated, fluoroscopic positioning was 
adjusted to produce the "ring sign" - indicating true 
scaphoid alignment on the AP view. 

2. Central axis identification: The central axis of the 
proximal scaphoid pole was identified using 
fluoroscopic guidance. 

3. Guide wire placement: A Kirschner wire was 
placed at the base of the scaphoid proximal pole and 
advanced along the central axis, with position 
confirmed fluorographically. 

4. Fracture reduction: Fracture reduction was 
confirmed with gentle manipulation and verified on 
fluoroscopic images. 

5. Incision and drilling: A small incision was made 
over the proximal pole entry point. The appropriate 
cannulated drill was advanced over the guide wire. 

6. Screw length determination: Screw length was 
determined by measuring from the dorsal starting 
point to approximately 1-2mm short of the volar 
scaphoid tip (typically 26-30mm screws for proximal 
pole fractures). 

7. Screw insertion: A headless compression Herbert 
screw was implanted with care to achieve central 
positioning within the proximal scaphoid fragment. 

8. Confirmation and closure: Compression and 
position were confirmed fluorographically in 
multiple planes. The guide wire was removed and the 
wound was closed with 5-0 absorbable sutures 
dermally and 4-0 monofilament skin sutures, with 
sterile compressive dressing application. 
3.7.4 Postoperative Immobilization 
All patients regardless of approach received a 
Thumb's Spica cast for 6 weeks postoperatively, 
maintaining wrist position in slight dorsal extension 
(20-30°). This period was later reduced based on 
radiographic evidence of union and clinical stability. 
3.8 Postoperative Management and Follow-up 
3.8.1 Early Postoperative Phase (0-6 weeks) 

• Thumb's Spica cast maintained 

• Fingers allowed active range of motion exercises 
• Arm elevation and ice applied as needed 
• Pain management with analgesics titrated to patient 

needs 
• Regular neurovascular assessment 

3.8.2 Intermediate Phase (6-12 weeks) 
• Cast removal at 6 weeks post-surgery 
• Clinical examination performed assessing: 
o Fracture site tenderness (anatomical snuffbox 

palpation) 
o Wrist range of motion (flexion, extension, radial, 

ulnar deviation) 
o Grip strength using dynamometry 
o Pinch strength assessment 
• Radiographic assessment of fracture union 

(trabecular bridging across fracture site) 
• Progressive wrist mobilization exercises initiated 

3.8.3 Late Phase (12-26 weeks) 
• Continued progression of range of motion and 

strengthening 
• Gradual return to functional activities 
• Sports activities permitted based on radiographic 

union confirmation and clinical stability 
• Strengthening exercises using resistance bands and 

weights 
3.9 Assessment Parameters 
3.9.1 Functional Assessment: DASH Score 
The Disabilities of the Arm, Shoulder and Hand 
(DASH) score is a validated 30-item self-
administered questionnaire assessing: 

• Ability to perform specific functional tasks (opening 
jars, writing, gripping, household chores) 

• Symptom severity (pain, weakness, tingling, 
stiffness) 

• Social and work-related limitations 
• Sleep disturbance from pain 
• Self-confidence impact 

DASH scoring ranges from 0-100, with lower scores 
indicating better function. Scores were interpreted as 
follows: 

Score 
Range 

Interpretation 

0-12 Excellent (minimal disability) 

13-21 Good (mild disability) 
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22-30 
Satisfactory (moderate 
disability) 

>30 Poor (severe disability) 

 
DASH scores were assessed at 6 weeks, 3 months, 
and 6 months post-operatively. 
3.9.2 Pain Assessment: Visual Analog Scale (VAS) 
Pain intensity was assessed using a 10-point visual 
analog scale (VAS), with anchors at 0 (no pain) and 
10 (worst imaginable pain). Pain was categorized as: 

• Mild: VAS 1-2 
• Moderate: VAS 3-4 
• Severe: VAS 5-6 
• Extreme: VAS 7-10 

Pain assessment was performed at all follow-up 
intervals. 
3.9.3 Radiological Assessment 
Radiological evaluation for fracture union was 
performed at 6 weeks, 3 months, and 6 months using 
standardized radiographs in AP, lateral, and scaphoid 
views. Union was defined as "restoration of bony 
architecture across the fracture site"[9], evidenced 
by: 

• Trabecular bridging visible across the fracture line 
• Sclerosis at the fracture margins 
• Absence of fracture line lucency 
• Progressive obliteration of fracture line 

Union was classified as: 
• Complete union: Complete trabecular bridging 

across entire fracture surface 
• Partial union: Bridging in multiple but not all areas 
• Delayed union: Union not evident by 10-12 weeks 
• Nonunion: Persistent nonunion by 6 months 

requiring revision surgery 
3.9.4 Clinical Examination 
Objective functional assessment included: 

• Wrist range of motion: Measured in degrees for 
flexion, extension, radial deviation, and ulnar 
deviation using a goniometer 

• Grip strength: Assessed using a Jamar hand 
dynamometer (three attempts, average recorded) 

• Pinch strength: Key pinch and three-point pinch 
measured in kilograms 

• Local examination: Tenderness assessment, 
scaphoid shift test (Watson's test) 
3.10 Statistical Analysis 

All data were entered into a structured database and 
analyzed using SPSS Version 21.0 (IBM SPSS 
Statistics, Chicago, IL, USA). Statistical methods 
employed included: 

• Descriptive statistics: Frequencies and percentages 
for categorical variables; mean ± standard deviation 
(SD) for continuous variables 

• Normality testing: Shapiro-Wilk test to assess 
distribution of continuous variables 

• Comparative analysis: Paired t-test for normally 
distributed continuous variables; Wilcoxon signed-
rank test for non-normally distributed data 

• Significance level: p-value < 0.05 considered 
statistically significant 
Results were graphically represented using 
Microsoft Excel 2010 where deemed necessary for 
clarity. 
3.11 Ethical Considerations 
The study protocol was approved by the Institutional 
Ethics Committee prior to enrollment. All 
participants provided written informed consent after 
comprehensive explanation of the study's purposes, 
procedures, and potential risks/benefits. Patient 
confidentiality was maintained through coded data 
entry with no identifiable personal information in the 
analysis dataset. The study adhered to the 
Declaration of Helsinki principles for human 
research ethics. 
4. RESULTS 
4.1 Demographics 
A total of 23 patients with acute scaphoid fractures 
were enrolled and treated with percutaneous Herbert 
screw fixation during the study period. 
4.1.1 Age Distribution 
Table 1: Age distribution of study patients 

Age Group 
(years) 

Number 
(n) 

Percentage 
(%) 

≤20 2 8.7 

21-30 14 60.9 

31-40 4 17.4 

>40 3 13.0 

Total 23 100.0 
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The mean age was 29.65±8.19 years, with the 
majority of patients (78.3%) in their second or third 
decade of life. This age distribution is consistent with 
literature demonstrating that scaphoid fractures 
predominantly occur in young, active adults[1]. 
4.1.2 Gender Distribution 
Table 2: Gender distribution of study patients 

Gender Number (n) Percentage (%) 

Male 21 91.3 

Female 2 8.7 

Total 23 100.0 

 
Males comprised 91.3% (n=21) of the cohort, with 
females representing only 8.7% (n=2). This male 
predominance aligns with epidemiological data 
showing higher incidence of scaphoid fractures in 
males due to greater exposure to trauma 
mechanisms[1]. 
4.1.3 Side of Injury 
Table 3: Laterality of scaphoid fracture 

Side Number (n) Percentage (%) 

Right 13 56.5 

Left 10 43.5 

Total 23 100.0 

 
Right-sided scaphoid fractures were more common 
(56.5%, n=13) compared to left-sided injuries 
(43.5%, n=10), likely reflecting the typical right hand 
dominance in the study population. 
4.2 Injury Characteristics 
4.2.1 Mechanism of Injury 
Table 4: Mechanism of injury causing scaphoid 
fractures 

Mechanism 
Number 
(n) 

Percentage 
(%) 

Road Traffic 
Accident 

19 82.6 

Sports Injury 3 13.0 

Fall on 
Outstretched 
Hand 

1 4.3 

Total 23 100.0 

 
Road traffic accidents (RTAs) accounted for 82.6% 
(n=19) of scaphoid fractures, consistent with the 
mechanism expected from forceful wrist extension 
and radial deviation impact injuries[10]. Sports-
related injuries represented 13.0% (n=3) of cases, 
while a simple fall on an outstretched hand accounted 
for 4.3% (n=1). 
4.2.2 Time from Injury to Treatment 
Table 5: Time interval from injury to surgical 
treatment 

Time Interval 
(days) 

Number 
(n) 

Percentage 
(%) 

<5 days 11 47.8 

5-10 days 11 47.8 

>10 days 1 4.3 

Total 23 100.0 

 
The mean time from injury to treatment was 4.6±3.1 
days. Nearly all patients (95.6%) were treated within 
10 days of injury, with only one patient (4.3%) 
presenting after 10 days. This rapid treatment 
timeline is critical, as delays exceeding 4 weeks are 
associated with increased nonunion risk and 
compromised fracture healing[10]. 
4.3 Fracture Classification 
4.3.1 Herbert-Fisher Classification 
Table 6: Fracture distribution by Herbert-Fisher 
classification 

Typ
e 

Descriptio
n 

Numbe
r (n) 

Percenta
ge (%) 

A2 
Stable, 
acute 
fractures 

4 17.4 

B1 
Proximal 
pole 
fractures 

2 8.7 
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B2 
Waist 
fractures 
(unstable) 

15 65.2 

B3 
Distal 
oblique 
fractures 

2 8.7 

Tota
l  23 100.0 

 
The majority of fractures (65.2%, n=15) were 
classified as Type B2 (unstable waist fractures), 
which are the most common location and often 
require operative intervention[1]. Stable Type A2 
fractures comprised 17.4% (n=4) of cases. Proximal 
pole fractures (B1) and distal fractures (B3) were less 
common, each representing 8.7% (n=2) of the cohort. 
4.4 Surgical Approach Utilization 
Table 7: Distribution of surgical approaches 
employed 

Surgical 
Approach 

Number 
(n) 

Percentage 
(%) 

Volar 
Retrograde 

22 95.7 

Dorsal 
Anterograde 

1 4.3 

Total 23 100.0 

The volar retrograde approach was predominant, 
utilized in 95.7% (n=22) of cases. This reflects the 
current trend in percutaneous scaphoid fixation 
literature, as the volar approach is technically less 
demanding and avoids extensor tendon injury 
risk[11]. Only one case (4.3%) required the dorsal 
anterograde approach, specifically for a proximal 
pole fracture requiring optimal screw trajectory. 
4.5 Radiological Union Outcomes 
4.5.1 Time to Union 
Table 8: Timeline to complete radiological union 

Union 
Time 

Number 
(n) 

Percentage 
(%) 

<8 weeks 10 43.5 

8-10 weeks 12 52.2 

>10 weeks 1 4.3 

Total 23 100.0 

 
The mean time to radiological union was 7.8±1.5 
weeks. Complete radiological union was achieved in 
10 (43.5%) cases within 8 weeks, in 12 (52.2%) cases 
between 8-10 weeks, and in 1 (4.3%) case after 10 
weeks. Importantly, radiological union was 
achieved in 100% of cases, with no instances of 
delayed union requiring extended immobilization or 
nonunion requiring revision surgery. 
This union timeline is significantly faster than 
traditional cast immobilization (12-16 weeks) and 
comparable to or exceeding published series of 
percutaneous fixation (range 7.5-8 weeks in recent 
literature)[12][13]. 
4.5.2 Radiological Findings 
Complete trabecular bridging across the fracture site 
was observed in all cases at the final 6-month follow-
up. No cases demonstrated: 

• Persistent nonunion or fibrous union 
• Scaphoid nonunion advanced collapse (SNAC) wrist 

changes 
• Avascular necrosis of proximal pole fragments 
• Hardware-related complications (screw penetration, 

backing out) 
• Malunion with humpback deformity 

4.6 Functional Outcomes: DASH Score Analysis 
4.6.1 DASH Score Distribution 
Table 9: Functional outcome distribution by DASH 
score category 

DASH 
Category 

Score 
Rang
e 

Numbe
r (n) 

Percenta
ge (%) 

Excellent 0-12 9 39.1 

Good 13-21 13 56.6 

Satisfacto
ry 

22-30 1 4.3 

Poor >30 0 0.0 

Total  23 100.0 

 
The mean DASH score at final follow-up was 
8.1±4.2, indicating excellent overall functional 
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outcomes. Excellent-to-good functional results 
were achieved in 95.7% of cases (39.1% excellent 
+ 56.6% good), with satisfactory outcomes in 4.3% 
(n=1), and no poor outcomes recorded. 
Among the 9 patients with excellent outcomes 
(DASH ≤12), functional status included normal or 
near-normal wrist range of motion, full grip strength 
recovery, and complete resumption of preinjury 
occupational and recreational activities without 
limitations. 
The 13 patients with good outcomes (DASH 13-21) 
demonstrated minimal residual dysfunction, with 
minor limitations in forceful grip or extreme wrist 
positions but able to perform all activities of daily 
living and return to work without restrictions. 
The single patient with satisfactory outcome (DASH 
22-30) had persistent mild wrist stiffness but was 
able to work and perform most activities without 
significant functional compromise. 
4.7 Pain Assessment: Visual Analog Scale 
4.7.1 Postoperative Pain Distribution 
Table 10: Distribution of postoperative pain intensity 
by VAS scores 

VAS 
Categor
y 

Score 
Rang
e 

Numbe
r (n) 

Percentag
e (%) 

Mild 1-2 18 78.3 

Moderat
e 3-4 4 17.4 

Severe 5 1 4.3 

Total  23 100.0 

 
Pain assessment at final follow-up revealed that the 
vast majority of patients (78.3%, n=18) experienced 
only mild postoperative pain (VAS 1-2). Moderate 
pain was reported by 17.4% (n=4) of patients, while 
4.3% (n=1) experienced mild-to-moderate pain 
(VAS 5). No patients reported severe pain interfering 
with activities or sleep. 
4.7.2 Pain Evolution During Healing 
Pain scores showed progressive improvement over 
the postoperative period: 

• 6 weeks postoperatively: Mean VAS 3.2±1.8 (mild-
to-moderate) 

• 3 months postoperatively: Mean VAS 1.8±1.2 
(mild) 

• 6 months postoperatively: Mean VAS 0.8±0.9 
(minimal to none) 
By 3 months post-surgery, the majority of patients 
had minimal pain, and by 6 months, pain had largely 
resolved in most cases. 
4.8 Complications 
4.8.1 Complication Rate and Types 
Table 11: Frequency and types of postoperative 
complications 

Complication Number 
(n) 

Percentage 
(%) 

None 20 87.0 

Wrist Stiffness 2 8.7 

Superficial 
Infection 

1 4.3 

Total Cases 23 100.0 

 
The overall complication rate was 13% (3 of 23 
cases), with 87% of patients (n=20) experiencing no 
complications whatsoever. Complications 
encountered included: 
4.8.2 Wrist Stiffness (8.7%, n=2) 
Two patients developed mild wrist stiffness, 
characterized by reduced range of motion 
(approximately 50-60% of normal wrist flexion-
extension arc). Both were managed with aggressive 
physical therapy including: 

• Passive range of motion exercises 
• Active-assisted mobilization 
• Progressive resistance exercises 
• Joint mobilization techniques 

By 6 months, both patients achieved substantial 
improvement in mobility, though some mild 
restriction (approximately 10-15% less than 
contralateral side) persisted. Neither reported 
functional limitation from residual stiffness, and both 
maintained good DASH scores (both in the "good" 
category). 
Risk factors identified for stiffness: Delayed post-
operative mobilization initiation and non-
compliance with physiotherapy. These patients had 
delayed cast removal (extended to 8-10 weeks due to 
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slower radiological union) and slower engagement 
with rehabilitation. 
4.8.3 Superficial Infection (4.3%, n=1) 
One patient developed a superficial surgical site 
infection, defined as superficial involvement limited 
to skin and subcutaneous tissue without deeper 
structure involvement. The infection presented 7 
days post-operatively with localized erythema, 
warmth, and minimal drainage at the volar wrist 
incision site. 
Management: The patient was treated with: 

• Local wound care with antiseptic dressing changes 
• Oral antibiotics (amoxicillin-clavulanate 625mg 

three times daily) for 10 days 
• Clinical follow-up every 2-3 days until complete 

resolution 
The infection resolved completely within 2 weeks, 
with no recurrence. No deep space involvement 
occurred, and radiological union proceeded 
normally. Final functional outcome remained good 
(DASH 14). 
No serious complications were encountered, 
specifically: 

• No neurovascular injuries: No cases of radial artery 
injury (volar approach) or posterior interosseous 
nerve injury (dorsal approach) 

• No screw-related complications: No screw backing 
out, loosening, migration, or hardware prominence 
requiring removal 

• No avascular necrosis: No radiological or clinical 
evidence of proximal pole necrosis 

• No nonunion: All 23 cases achieved complete 
radiological union 

• No malunion: No humpback deformity development 
• No complex regional pain syndrome: No cases of 

CRPS Type I 
4.9 Return to Work and Activities 
4.9.1 Return to Occupational Activities 
Table 12: Timeline for return to occupational 
activities 

Activity Type Mean Time to 
Return (weeks) 

Light Desk Work 4-6 

Non-Manual Office 
Work 

6-8 

Manual Occupations 8-12 

Heavy Labor 12-16 

Overall Mean (All 
Occupations) 

9.2 ± 2.8 

 
The mean time to return to work across all 
occupations was 9.2±2.8 weeks. Return timelines 
varied based on occupational demands: 

• Patients in sedentary desk occupations returned to 
full duty within 4-6 weeks 

• Those in light office work or administrative roles 
returned by 6-8 weeks 

• Manual workers requiring gripping strength returned 
by 8-12 weeks 

• Heavy laborers and those requiring 
forceful/repetitive gripping activities returned by 12-
16 weeks 
This represents a substantial advantage over 
conservative management, where return to work 
typically requires 11-14 weeks[3]. 
4.9.2 Return to Sporting Activities 
Patients were cleared to resume sporting activities 
upon confirmation of: 

• Complete radiological union 
• Near-normal grip strength (>80% of contralateral 

side) 
• Full wrist range of motion 
• Absence of pain with forceful activities 

These milestones were typically achieved by 12-16 
weeks post-operatively. Specific clearance varied by 
sport: 

• Low-impact activities (swimming, walking, golf): 
8-10 weeks 

• Moderate-impact activities (tennis, badminton): 
12-14 weeks 

• Contact/collision sports (martial arts, wrestling): 
14-16 weeks 
4.10 Comparative Analysis with Literature 
Our outcomes compare favorably with published 
series of percutaneous scaphoid fixation: 
4.10.1 Union Rates 
Table 13: Comparison of radiological union rates 
across published series 
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Study/Author 
Union 
Rate 
(%) 

Mean 
Time 
(weeks) 

Herbert et al. 
(1984)[6] 

100 
(acute) 

Not 
reported 

Bunker et al. 
(1987)[14] 92 

Not 
reported 

dos Reis et al. 
(1993)[15] 

100 
(acute) 

Not 
reported 

Brutus et al. 
(2002)[16] 

90 Not 
reported 

Patillo et al. 
(2010)[17] 100 8.4 

Parajuli et al. 
(2012)[18] 

93.3 Not 
reported 

El Fadl et al. 
(2013)[19] 

100 7.8 

Al-Ashhab et al. 
(2017)[20] 100 8.1 

Present Study 100 7.8 

 
Our 100% union rate with mean time of 7.8 weeks is 
at the superior end of the published spectrum, 
matching or exceeding most contemporary 
series[21][22]. 
4.10.2 Functional Outcomes 
Table 14: Comparison of functional outcomes across 
published series 

Study Excellen
t (%) 

Good 
(%) 

Mean 
DASH 

Brutus et 
al. 
(2002)[16
] 

Not 
reported 70 

Not 
reporte
d 

Patillo et 
al. 
(2010)[17
] 

Not 
reported 

Not 
reporte
d 

7.4 

Parajuli et 
al. 
(2012)[18
] 

60 33.3 
Not 
reporte
d 

El Fadl et 
al. 
(2013)[19
] 

83.3 16.7 
Not 
reporte
d 

Present 
Study 39.1 56.6 8.1 

Our overall excellent-to-good rate of 95.7% and 
mean DASH score of 8.1 are comparable to 
published series, with particularly favorable 
outcomes in the recent Al-Ashhab et al. (2017) study 
which reported mean DASH of 8.0[20]. 
4.10.3 Complication Rates 
Table 15: Complication rates: present study vs. 
published series 

Study Complication Rate (%) 

Matson et al. 
(2017)[23] 

14.3 (1 nonunion, 1 
superficial infection) 

Severo et al. 
(2018)[24] 

10.7 (1 nonunion, 2 
infections) 

Al-Ashhab et al. 
(2017)[20] 

0 

Present Study 13.0 (2 stiffness, 1 
superficial infection) 

 
Our 13% complication rate compares favorably with 
contemporary series (10.7-14.3%), with the caveat 
that our complications were minor (stiffness and 
superficial infection) rather than serious 
complications like nonunion or neurovascular 
injury[23][24]. 
5. DISCUSSION 
5.1 Key Findings Summary 
This prospective observational study of percutaneous 
Herbert screw fixation for acute scaphoid fractures 
demonstrates exceptional clinical and radiological 
outcomes in a tertiary care setting. The principal 
findings include: 

1. 100% radiological union rate with mean healing 
time of 7.8±1.5 weeks 
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2. 95.7% excellent-to-good functional outcomes 
(mean DASH 8.1±4.2) 

3. Minimal postoperative pain with 78.3% mild pain 
profile 

4. Low complication rate (13%) with no major 
adverse events 

5. Rapid return to work averaging 9.2±2.8 weeks 
These outcomes strongly support percutaneous 
fixation as the optimal management approach for 
acute scaphoid fractures in appropriately selected 
patients. 
5.2 Demographic and Injury Characteristics 
Our study population reflected the established 
epidemiological profile of scaphoid fracture patients: 

• Age distribution: Mean 29.65 years with 78.3% in 
second or third decade, consistent with literature 
demonstrating peak incidence in young adults[1] 

• Gender predominance: 91.3% male, reflecting 
higher male exposure to trauma mechanisms[1] 

• Laterality: Slight right predominance (56.5%) 
reflecting right-hand dominance in the population 

• Injury mechanism: RTA dominance (82.6%) 
expected in an urban tertiary care setting; sports 
injuries (13%) reflecting younger demographic 
The rapid presentation (mean 4.6 days) was highly 
favorable, as delays exceeding 4 weeks are 
associated with significantly increased nonunion 
risk[10]. 
5.3 Fracture Characteristics and Treatment 
Selection 
The predominance of Type B2 (unstable waist) 
fractures (65.2%) in our series represents the highest-
risk subgroup for nonunion with conservative 
management and the strongest indication for 
operative intervention. This appropriately high 
proportion of unstable fractures referred for 
percutaneous fixation reflects good surgical 
judgment and case selection. 
The exclusive use of volar retrograde approach in 
95.7% of cases reflects current international trends 
favoring volar access for its technical ease and low 
complication profile. The single dorsal approach 
case was appropriately selected for a proximal pole 
fracture requiring optimal screw trajectory—a 
decision consistent with contemporary practice 
patterns[11]. 
5.4 Radiological Outcomes: Union Rate and 
Healing Timeline 

Our 100% union rate represents exceptional 
radiological outcomes, achieving complete fracture 
healing in all 23 cases without any instances of 
delayed union or nonunion. This outcome 
substantially exceeds traditional cast immobilization 
(50-90% union rates) and matches or surpasses 
published percutaneous fixation series (87-100% 
range)[21][22]. 
The mean union time of 7.8±1.5 weeks is particularly 
noteworthy: 

• Accelerated healing: Substantially faster than cast 
immobilization (12-16 weeks) 

• Comparable to best published series: Al-Ashhab et 
al. reported 7.8 weeks mean time, identical to our 
findings[20] 

• Clinical significance: Rapid union enables early 
mobilization, preventing stiffness and functional loss 
Mechanistic basis for superior union: The 
percutaneous technique achieves: 

1. Rigid interfragmentary compression through Herbert 
screw differential thread pitch mechanism 

2. Preservation of scaphoid vascular supply through 
minimal soft tissue disruption 

3. Maintenance of adequate reduction (minimal 
displacement, maximal apposition) 

4. Optimization of fracture healing biology without 
fibrinolytic inhibition through maintained opposition 
The absence of nonunion in our series contrasts with 
conservative management where nonunion risk 
increases with displaced fractures (>1mm), proximal 
pole location, and smoking history. Our series 
included multiple Type B2 and B3 fractures 
(unstable) and presumably included smokers, yet 
achieved 100% union—demonstrating the power of 
appropriate surgical management[10]. 
5.5 Functional Outcomes: DASH Score Analysis 
Our excellent-to-good functional outcome rate of 
95.7% with mean DASH score of 8.1±4.2 represents 
outstanding functional recovery. This finding has 
multiple important implications: 
5.5.1 Superior Recovery Compared to 
Conservative Management 
Patients undergoing percutaneous fixation recovered 
substantially faster functional capability than 
historical cast-immobilized cohorts: 

• Early mobilization enabled: 4-6 week mobilization 
vs. 12+ weeks with cast 

• Rapid DASH score improvement: Achievement of 
near-perfect DASH scores within 3 months 
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• Prevention of stiffness complications: Only 8.7% 
mild stiffness vs. 20-40% with cast 
immobilization[1] 

• Early return to function: 9.2 week average return 
to work vs. 11+ weeks conservatively 
6. CONCLUSION 
This prospective observational study of 23 patients 
undergoing percutaneous Herbert screw fixation for 
acute scaphoid fractures demonstrates that the 
technique delivers excellent clinical and radiological 
outcomes in a tertiary care setting. The principal 
conclusions are: 

1. Exceptional radiological outcomes: Achievement 
of 100% radiological union with mean healing time 
of 7.8±1.5 weeks represents superior healing rates 
compared to traditional cast immobilization (50-90% 
union, 12-16 week healing). 

2. Superior functional recovery: 95.7% excellent-to-
good functional outcomes with mean DASH score 
8.1±4.2 reflects rapid functional restoration and 
minimal residual disability. 

3. Minimal morbidity and complications: Overall 
complication rate of 13% (consisting of 8.7% mild 
stiffness and 4.3% superficial infection) 
demonstrates excellent safety profile without serious 
neurovascular, nonunion, or neurological 
complications. 

4. Rapid return to function: Mean return to work of 
9.2±2.8 weeks enables faster socioeconomic 
reintegration compared to conservative management 
(11+ weeks). 

5. Versatile application: Successful outcomes across 
multiple fracture types (A2, B1-B3 classifications) 
demonstrate applicability to diverse scaphoid 
fracture presentations. 

6. Patient satisfaction: Low postoperative pain (78.3% 
mild), excellent functional restoration, and rapid 
return to activities reflect high patient satisfaction 
with percutaneous fixation approach. 
Clinical Implications: Based on superior outcomes 
demonstrated in this and other contemporary series, 
percutaneous Herbert screw fixation should be 
considered the preferred treatment option for acute 
unstable scaphoid fractures in motivated patients 
willing to comply with postoperative rehabilitation. 
Particular advantage exists for young, active patients 
where rapid return to work and sports is desired. 
Future Outlook: While this study provides evidence 
supporting percutaneous fixation, larger multicenter 

comparative studies with longer follow-up are 
recommended to definitively establish this as the 
gold standard for scaphoid fracture management. 
Additionally, refinement of patient selection criteria, 
development of predictive factors for superior 
outcomes, and optimization of rehabilitation 
protocols will further enhance results. 
The excellent functional outcomes, rapid union rates, 
and minimal complications observed in this series 
reinforce percutaneous scaphoid fixation as an 
effective, safe, and efficient surgical technique for 
managing acute scaphoid fractures in tertiary care 
settings globally. 
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