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ABSTRACT

Background: Fractures of the metacarpals and phalanges represent some of the most common skeletal injuries of
the upper limb, often resulting from direct trauma, sports activities, or industrial accidents. Among these, oblique
and spiral configurations pose unique challenges due to their inherent instability, tendency toward shortening and
rotation, and difficulty in maintaining anatomical alignment. Traditional fixation techniques such as Kirschner wires
and mini plates have been widely used, yet each carries limitations regarding stability, hardware prominence, and
soft tissue irritation. The mini lag screw technique, introduced as a low-profile, compression-based fixation

method, offers the potential for superior biomechanical stability and early mobilization.

Aim: This review aims to comprehensively evaluate the outcomes of mini lag screw fixation in the treatment of
oblique and spiral fractures of the metacarpals and phalanges. Emphasis is placed on comparing functional and
radiological results with other fixation methods, examining the biomechanical principles underlying lag screw

fixation, and identifying key technical considerations that influence clinical outcomes.

Methods: A review of peer-reviewed studies was conducted, focusing on clinical trials, cohort studies, and
biomechanical analyses published over the past two decades. Data related to union rates, range of motion, grip

strength, complications, and return-to-function times were synthesized and compared.

Results: Mini lag screw fixation consistently demonstrates high union rates, typically exceeding 95%, with early
postoperative mobilization and minimal hardware-related complications. Functional outcomes show near-normal
range of motion and excellent grip strength recovery when compared to alternative techniques. The biomechanical
superiority of compression across fracture planes contributes to early stability, while the smaller implant footprint
reduces soft tissue irritation. However, technical precision remains critical, and inappropriate screw placement or

excessive compression can compromise cortical integrity or lead to rotational malalignment.

Conclusion: Mini lag screw fixation represents a biomechanically sound and clinically effective option for oblique
and spiral fractures of the metacarpals and phalanges. When executed with careful preoperative planning and
precise technique, it offers reliable union, early mobilization, and excellent functional recovery, establishing it as a

preferred method for select hand fractures.
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Fractures of the hand represent up to 10 % of all skeletal injuries, with metacarpal and phalangeal
fractures being particularly frequent among young, active individuals [1]. Restoration of alignment,
stability, and early motion are the essential objectives in treatment. Unstable oblique or spiral fractures
can lead to malrotation, shortening, or stiffness if not adequately stabilized [2].

Historically, these fractures were treated with splints or percutaneous K-wires, yet such methods often
fail to control rotational forces, delaying rehabilitation. Mini lag screw fixation, introduced several
decades ago, has gained popularity because it provides interfragmentary compression and stable
fixation while preserving soft tissues [3]. This review summarizes the current evidence regarding its
outcomes, indications, and technical nuances.

2. Anatomy and Biomechanics of Metacarpals and Phalanges

The hand skeleton is composed of 19 tubular bones: five metacarpals and 14 phalanges. The cortical
bone is thin, the medullary canal narrow, and the periosteum richly vascularized [4]. Fracture stability
is influenced by cortical thickness, bone curvature, and tendon attachment. The metacarpal shaft is
subjected to bending and torsional forces generated by intrinsic and extrinsic muscles [5].

During functional grip, axial loads are transmitted through the phalanges to the metacarpals, producing
both compressive and shear stresses. Oblique and spiral fractures disrupt this transmission, creating
sliding forces along the fracture plane. The goal of fixation is to neutralize these forces and maintain

absolute stability for primary bone healing [6].

3. Fracture Patterns: Oblique and Spiral Configurations

Oblique fractures occur when axial compression combines with bending, resulting in a diagonal
fracture plane across the bone [7]. Spiral fractures arise from torsional forces that twist the bone along
its longitudinal axis, generating a helical fracture line [8]. These fracture patterns are unstable under
rotation and shortening forces.

Because the fracture surfaces are inclined, axial loading causes displacement unless countered by
compression. Lag screw fixation is ideal for these configurations because it converts shear stress into
compression, stabilizing the fragments for early motion [9]. Spiral fractures, having longer contact
surfaces, particularly benefit from two-screw fixation, which distributes compression evenly along the
fracture plane [10].

4. Biomechanical Rationale for Mini Lag Screw Fixation

The biomechanical basis of lag screw fixation lies in achieving interfragmentary compression. When
a screw threads only the far cortex and glides through the near cortex, tightening it draws the distal

fragment toward the proximal one, producing compression perpendicular to the fracture line [11].
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Experimental studies demonstrate that mini lag screws (1.5 mm—2.0 mm diameter) provide superior
resistance to bending and torsional loads compared with crossed K-wires [12]. Two well-placed screws
can equal the rigidity of a small plate while avoiding periosteal stripping and tendon irritation [13].
Compression promotes primary bone healing, reducing callus formation and allowing immediate
mobilization, which is crucial for preserving tendon gliding [14].

5. Surgical Technique and Principles

Precise technique is paramount to achieving stability without complications. The lag effect is created
by overdrilling the near cortex with a gliding hole equal to the screw’s outer diameter and drilling the
far cortex with the core diameter drill bit [15]. The screw should be inserted perpendicular to the
fracture plane to produce optimal compression.

Typically, one screw suffices for short oblique fractures, whereas two screws are recommended for
long oblique or spiral fractures [16]. Countersinking the screw head prevents prominence and tendon
irritation. Fluoroscopic control ensures correct orientation and bicortical purchase. Excessive
compression should be avoided as it may cause cortical micro-cracks or shortening of the bone [17].
6. Indications and Contraindications

Mini lag screw fixation is indicated for long oblique or spiral fractures of the metacarpal or
phalangeal diaphysis where compression can be applied perpendicular to the fracture plane [18]. It is
especially effective for fractures of the metacarpal shafts and proximal or middle phalanges with
adequate bone stock.

Contraindications include transverse, comminuted, or intra-articular fractures, as well as
osteoporotic bone where screw purchase is poor [19]. In cases where the fracture line is too short to
accommodate at least one screw across both cortices, alternative methods such as plate or
intramedullary fixation are preferred [20].

7. Comparative Fixation Methods

7.1 Kirschner Wires (K-wires)

K-wire fixation is widely used due to its simplicity and minimal exposure. However, it provides only
limited rotational and torsional stability, making it suboptimal for oblique or spiral fractures [21].
Prolonged immobilization is often required, increasing the risk of stiffness and delayed rehabilitation.
Studies comparing lag screws with K-wires have shown that lag screws result in faster union and better
total active motion scores [22]. Infection around pin sites and wire migration are additional drawbacks
[23].

7.2 Mini Plates

Mini plates offer rigid fixation but require extensive exposure and periosteal stripping, which may

impair vascularity and increase tendon adhesions [24]. Their low-profile versions reduce hardware
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irritation but remain bulkier than screws alone. In comparative studies, mini lag screws provided
similar strength with fewer complications and better cosmetic outcomes [25].

7.3 Headless Compression Screws

Headless compression screws combine the benefits of lag compression with buried hardware,
eliminating screw head prominence [26]. They are technically demanding and more expensive but
yield excellent outcomes in select cases. Nevertheless, standard mini lag screws remain cost-effective
and versatile for most diaphyseal oblique and spiral fractures [27].

8. Technical Considerations and Common Pitfalls

Proper planning begins with radiographic assessment to determine fracture configuration and feasible
screw trajectory [28]. The surgeon must identify a safe zone to avoid joint penetration or interference
with tendons. Drilling should be controlled and perpendicular to the fracture plane to prevent loss of
reduction.

Common pitfalls include incomplete overdrilling of the near cortex (which prevents the lag effect),
excessive torque leading to stripping of threads, or over-compression causing cortical fracture [29].
The use of temporary reduction clamps or K-wires can aid stabilization during drilling. Additionally,
countersinking and burying the screw heads prevent extensor tendon irritation [30].

9. Postoperative Protocols and Rehabilitation

Rigid fixation achieved by mini lag screws allows early postoperative mobilization, typically within
5-7 days after surgery [31]. A light dorsal splint can protect the repair during the initial phase, but
complete immobilization beyond two weeks should be avoided to prevent joint stiffness.
Rehabilitation protocols emphasize active and passive range-of-motion exercises under supervision
of a hand therapist. Gradual loading and strengthening commence after radiographic evidence of callus
or cortical bridging, usually at 4-6 weeks [32]. Grip strength often returns to 80-90 % of the
contralateral hand within 8—12 weeks, reflecting the stability provided by compression fixation [33].
Early motion also minimizes adhesion formation and improves tendon excursion [34].

10. Clinical and Functional Outcomes

Multiple clinical series have demonstrated consistently high union rates following mini lag screw
fixation. Union typically occurs within 4 to 6 weeks for phalangeal fractures and 6 to 8 weeks for
metacarpal fractures [35]. Functional outcomes assessed by Total Active Motion (TAM) and
Disabilities of the Arm, Shoulder and Hand (DASH) scores are superior to those achieved with K-wire
fixation [36].

In a prospective cohort of 72 patients, Rhee et al reported 96 % radiographic union and 93 % excellent
or good functional results using the Strickland criteria [37]. Early initiation of active motion

contributed significantly to grip strength recovery, with most patients attaining over 90 % of
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contralateral hand power within 12 weeks [38]. These findings highlight the value of stable
compression fixation for early functional rehabilitation [39].

11. Radiological and Biomechanical Outcomes

Radiographic follow-up confirms that lag screw constructs maintain alignment without significant
shortening or angulation. Computed tomography analyses demonstrate precise cortical apposition and
minimal callus, consistent with primary bone healing [40].

Biomechanical testing supports these clinical findings. Kamath et al showed that two 1.5 mm lag
screws produced comparable stiffness to low-profile plates while allowing 30 % higher rotational
stability than crossed K-wires [41]. Finite-element models corroborate that compression generated
across the oblique plane decreases micromotion and promotes osteonal bridging [42].

12. Complications and Their Management

Although complication rates are low, several issues may arise. The most frequent are screw prominence
causing tendon irritation, malrotation from inaccurate reduction, and iatrogenic cortical cracks during
drilling [43]. Tendon irritation can often be managed by early screw removal after union, while
malrotation exceeding 10° usually warrants revision [44].

Infection is rare because of the minimal soft-tissue exposure; reported rates range from 1 to 2 % [45].
Nonunion is exceptional and usually reflects technical error or insufficient compression. Preventive
strategies include precise perpendicular screw trajectory and maintaining gentle handling of soft tissue
and periosteum [46].

13. Comparison with Alternative Fixation Outcomes

When compared head-to-head with K-wires, mini lag screws demonstrate shorter immobilization,
faster return to work, and fewer secondary procedures. In a randomized trial of 60 metacarpal fractures,
Dabezies et al found mean motion arc recovery of 90 % for lag screws versus 75 % for K-wires at 8
weeks [47].

Mini plates provide excellent strength but often necessitate implant removal due to bulk or irritation,
occurring in up to 30 % of cases [48]. Headless compression screws yield similar outcomes but are
expensive and technically demanding; their advantage is elimination of hardware prominence rather
than functional superiority [49].

14. Long-term Follow-up and Functional Recovery

Long-term studies (> 1 year) confirm sustained function without late complications. Grip strength
continues to improve during the first six months and plateaus by one year [50]. Most patients report

no restriction in occupational activity or daily tasks [51].
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Residual stiffness tends to occur in older patients or those with delayed rehabilitation rather than
fixation failure [52]. Cosmesis is generally excellent because of small incisions and buried hardware
[53].

15. Biomechanical Factors Influencing Success

Optimal screw placement requires understanding of fracture geometry and bone quality. Screws must
be placed perpendicular to the fracture plane; deviation of more than 10° reduces compression
efficiency by 15 % [54]. Screw length should engage the opposite cortex without over-penetration to
prevent soft-tissue injury.

Cortical purchase strength correlates with screw thread design and bone density. Titanium alloy screws
show slightly lower torsional strength than stainless steel but are more biocompatible [55]. Two screws
placed parallel and evenly spaced provide more uniform stress distribution than a single screw,

especially in long oblique fractures [56].

16. Role of Screw Number and Orientation

Biomechanical investigations suggest that one screw provides adequate fixation only when the fracture
length-to-diameter ratio is less than 2:1 [57]. For longer oblique fractures, two screws spaced at least
5 mm apart are recommended to resist rotation. Oblique orientation of screws relative to the bone axis
should be avoided, as it can create a shear component that counteracts compression [58].

Proper spacing also minimizes risk of stress concentration between holes, which could weaken the
cortex or cause secondary fracture [59].

17. Influence of Bone Quality and Patient Factors

Bone mineral density has a direct impact on screw pull-out strength. In osteoporotic bone, over-
tightening can strip threads, reducing fixation stability [60]. Use of washers or longer screws engaging
thicker cortex can partially compensate. Smoking and diabetes are associated with delayed union, but
these systemic factors affect all fixation types equally [61].

Compliance with rehabilitation and early movement remains the single most important determinant of
good functional recovery regardless of implant type [62].

18. Pediatric and Geriatric Applications

Lag screw fixation in pediatric fractures is limited but feasible in adolescents with near-mature
skeletons. Care must be taken to avoid the physes; screws should be placed entirely within the
diaphysis [63]. In geriatric patients, small-diameter screws may not achieve sufficient purchase;
supplemental external support or hybrid fixation can be considered [64]. Despite these challenges,
selected cases achieve excellent outcomes when proper technique is used [65].

19. Comparative Cost and Efficiency
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Economically, mini lag screw fixation is highly cost-effective. A single-use set of mini screws is less
expensive than a plate system or headless compression device [66]. The shorter operative time and
reduced need for implant removal further lower overall treatment cost [67]. From a health-care
standpoint, earlier return to work adds substantial indirect savings [68].

20. Meta-analytic and Systematic Review Evidence

A 2020 meta-analysis of seven clinical studies involving 485 fractures found significantly higher TAM
and lower complication rates with lag screws compared with K-wires [69]. Union rates exceeded 95
%, with an overall complication incidence of 7 % for lag screws versus 21 % for wires [70].
Systematic reviews consistently conclude that lag screw fixation combines biomechanical strength,
minimal hardware bulk, and excellent functional recovery, provided precise surgical technique is
maintained [71].

21. Rehabilitation Outcomes and Patient Satisfaction

Patients consistently report high satisfaction scores due to early motion, minimal scarring, and absence
of protruding hardware [72]. DASH scores typically improve from 45 pre-operatively to 5—10 post-
operatively [73]. Early physiotherapy reinforces tendon glide, prevents adhesions, and restores fine
motor coordination [74].

Subjective grip endurance correlates strongly with objective grip dynamometer readings, confirming
the quality of restoration achieved by rigid compression fixation [75].

22. Complications Specific to Screw Fixation

Unique to this technique are rare issues such as screw breakage or backing-out, usually caused by
improper drilling angle or over-compression. These can be avoided by using fresh drill bits and
calibrated torque drivers [76]. Extensor tendon irritation occurs when the screw head is not adequately
countersunk; meticulous attention to detail during insertion virtually eliminates this problem [77].
Radiographic monitoring during the first six weeks ensures early detection of hardware-related issues,
allowing timely intervention [78].

23. Comparative Biomechanics with Newer Implants

Although mini plates and intramedullary devices continue to evolve, biomechanical comparisons
indicate that two well-placed lag screws match plate constructs in bending and torsional stiffness [79].
Headless screws yield equivalent stability but require more complex instrumentation [80]. Therefore,
for straightforward oblique or spiral diaphyseal fractures, mini lag screws remain the most balanced
solution [81].

24. Technical Modifications and Innovations

Recent advances include variable-pitch lag screws that enhance compression without increasing

insertion torque [82]. Bioabsorbable polymer screws have shown promising short-term results,
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eliminating the need for implant removal [83]. However, long-term comparative data are limited, and
metallic screws remain the gold standard for predictable outcomes [84].

25. Long-term Radiographic Remodeling

Follow-up imaging beyond one year often reveals complete cortical remodeling and disappearance of
screw holes [85]. Bone density at the former fracture site equals that of adjacent cortices, indicating
restoration of mechanical integrity. There is no evidence of stress shielding or late osteolysis with mini-
lag screws [86].

26. Functional Return and Occupational Results

Return to work occurs within an average of six weeks in manual laborers and four weeks in light-duty
workers [87]. Athletes often resume training at 5—6 weeks post-operation without residual deficits [88].
Early motion protocols and precise fixation reduce overall rehabilitation duration compared with plate
or wire fixation [89].

28. Limitations of Current Evidence

Most available studies are small, single-center, and retrospective. Few randomized controlled trials
directly compare lag screws with other implants under standardized protocols [92]. Variations in
fracture classification and outcome reporting hinder meta-analytic precision [93]. Future research
should focus on prospective multicenter trials and standardized rehabilitation algorithms [94].

29. Future Directions

Although current metallic mini lag screws provide excellent results, continued improvements in
implant design, surface coatings, and biodegradable materials may further enhance outcomes [95].
Integration of pre-operative digital planning and 3-D-printed guides has already improved accuracy of
screw trajectory and minimized operative time [96].

Long-term comparative cost-effectiveness studies will help refine treatment algorithms and guide
implant selection [97].

30. Conclusion

Mini lag screw fixation offers a dependable, biomechanically robust, and cost-effective solution for
oblique and spiral fractures of the metacarpals and phalanges. When performed with meticulous
surgical technique and followed by structured rehabilitation, it consistently achieves high union rates,
rapid functional recovery, and excellent patient satisfaction. Compared with traditional fixation
methods, it provides equivalent or superior stability with fewer complications, justifying its role as the

preferred treatment for appropriately selected hand fractures [98].
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