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1.1.Hallux Valgus 

1.1.1. Definition  

Hallux valgus (HV) was first described by Carl Heuter in 1871 (1) and represents the 

most common deformity of the human forefoot (2). HV is defined by deviation of the normal 

alignment of the great toe in relation to the articular surfaces of the first metatarsophalangeal 

(MTP) joint and is primarily visible as a lateral deviation of the proximal phalanx on the 

metatarsal head, which may progress to subluxation of the first MTP-joint (3).  

Consequently, the deformity can arise either from medial deviation of the first 

metatarsal (metatarsus primus varus) as seen in splayfoot deformity with fan-shaped widening 

of the metatarsal rays (4) or, less commonly, from a lateral deviation of the first phalanx, also 

termed hallux valgus interphalangeus (5).  

The term hallux valgus superductus applies if the hallux crosses over the second toe, 

hallux valgus subductus denotes the displacement of the hallux under the second toe (6).  

The term “first ray” describes the first metatarsal bone in connection with the medial 

cuneiform bone, moving together as a single, unified arch segment by means of a stable union 

with a dense plantar ligament (7). In the literature, it is commonly referred to as only the  

“first metatarsal” to describe the combined kinematics of the first metatarsal-cuneiform arch 

segment (7–9), as will be done in this thesis.  

 

1.1.2. Pathophysiology 

The pathophysiology is complex, involving disbalances between the extrinsic and 

intrinsic muscles and the ligaments of the foot. The normal alignment of the first metatarsus is 

maintained by tension of the musculus (m.) peroneus longus laterally and the m. abductor 

hallucis medially, while collateral ligaments prevent movement in the axial or transverse plane 

at the first MTP-joint (4, 10). In progressive HV, the tensile strength of the medial collateral 

ligament weakens, leading to a lateral displacement of the first phalanx and valgus displacement 

of the first MTP-joint (10, 11).  

The first metatarsophalangeal joint has a substantial role in the transfer of body weight 

during the gait cycle (13). The deformity worsens due to imbalance of moments acting on the 

first phalanx during gait. Plantar pressure is highest near the end of the stance, when the load 

carried by the hallux approaches 40% of the body weight (14).   
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To redirect the distribution of weight to the medial side of the hallux, gait compensations 

in form of walking with a laterally rotated foot angle or excess foot pronation can be observed 

(15–17). The ground force moment is countered mostly by the m. flexor hallucis longus in form 

of dorsiflexion of the hallux (18–20).  

Snijders et al. introduced a model of these force phenomena to visualise the vicious 

cycle of valgus positioning of the hallux, with the medial component of the ground reaction 

force acting to increasingly displace the first metatarsal into adduction (20). Additionally, the 

misdirected moment action of the m. flexor hallucis longus shifts from a plantar direction to a 

lateral direction and therefore changing the joint direction from the normal sagittal plane to a 

transverse plane (17, 18). The biomechanics are visualised in Figure 1 (21).  

 

 

  

Figure 1. Schematic representation of the pathophysiology of hallux valgus deformity.  
Adapted from Thieme Atlas of Anatomy: General Anatomy and Musculoskeletal System 
(21). 
The directions of the arrows correspond to the direction of pull of the muscles listed above.  

 ateral de iation

 edial de iation

 edial sesamoid

 ateral sesamoid

 irst metatarsal

                                    
              

          
        

 irst  halan 
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1.1.3. Classification and associated Pathologies  

According to the beforementioned progressive pathology, HV deformity can generally 

be divided into two groups: congruent- and subluxated first MTP joint (19). The congruent first 

MTP-joint can be distinguished from the subluxated form by fully functional tightening of the 

plantar aponeurosis and a mechanically stable forefoot. Furthermore, the congruent first MTP-

joint exerts only a pseudo-exostosis of the medial metatarsal head and pain is caused only by 

wearing closed, tight-fitted shoes. The subluxated first MTP-joint on the other hand, displays 

instability of the first forefoot ray and therefore transfers the problem towards the second 

forefoot ray, leading to mechanical and functional difficulties (22). Severe subluxation results 

in an uncovered medial aspect of the metatarsal articular surface that is exposed to trauma, 

giving rise to hypertrophy and leading to the classical clinical picture of HV (15) as depicted in 

Figure 2.  

   

A preceding deformity to HV is the metatarsus adductus (MA) deformity, a congenital 

condition in which supination of the hindfoot through the subtalar joint leads to adduction of 

the metatarsals. The prevalence of MA in patients with HV is approximately 30% (23), further 

underlining the necessity for a comprehensive approach to the treatment of HV deformity.  

Figure 2. Clinical picture of hallux valgus 
(right foot - dorsal view) 
(by courtesy of Dr. W. Willauschus) 
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HV is not only characterised by bony changes but also by extensive changes of the soft 

tissue arch and sesamoid mechanisms (24), especially in terms of subluxation of the 

sesamometatarsal articulation (15, 24).  

It is commonly associated with a splay foot deformity and an overloading of the second 

to fourth metatarsal heads may cause midfoot pain (6), which may also be referred to as 

transfermetatarsalgia (26). According to Wülker and Schulze, metatarsalgia can be classified 

either as biomechanical or structural. Structural causes for metatarsalgia include degenerative, 

rheumatic, inflammatory and neoplastic changes (27). Transfermetatarsalgia is a biomechanical 

metatarsalgia (27) due to overload of the second to fourth metatarsal heads and may also arise 

iatrogenic after forefoot surgery with excessive shortening or elevation of the first metatarsal 

(28). 

 

1.1.4. Ethiology and Epidemiology 

HV is a common, progressive forefoot problem with a predilection for women, a 

systematic review from 2015 proposing a female-male ratio of 10:1 (29). Tight-fitting and high-

heeled shoes are one of the most important predisposing factors despite genetics (30). Further 

risk factors include a long first metatarsal bone and an oval shaped MTP joint articular surface 

(4). A higher body mass index (BMI) is unanticipatedly not involved in the pathogenesis and 

even inversely related to the odds of developing HV (31). 

The inheritance seems to follow a pattern of autosomal-dominant hereditary 

transmission with incomplete penetrance (32). A genome-wide meta-analysis from 2020 

identified a novel locus in the intronic region of CLCA2 on chromosome 1, an expression 

quantitative trait locus for COL24A1, a gene belonging to the family of the collagen genes and 

having a potential role in the pathogenesis of HV (33).  

The prevalence is 23% in adults between 18 and 65 years of age, increasing with age to 

35.7% in the population older than 65 years of age (34).   

 

1.2. Diagnostic Approach  

The diagnosis of HV is based on a clinical examination with adjunctive radiological 

imaging techniques to quantify the extent of the deformity. Patients typically describe a chronic 

sharp or deep pain at the MTP joint that worsens with ambulation, occasionally being 

accompanied by aching pain at the head of the second metatarsal and by a tingling or burning 

pain at the dorsal part of the deformity due to irritation of the medial dorsal cutaneous nerve 

(10).  
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Morton et al. published a study on hypermobility of the first forefoot ray and designated 

it as the primary cause of forefoot-pathologies (35). A pathological mobility is defined as a 

dorsal displacement of the first metatarsal head exceeding five to eight millimeters compared 

to the other metatarsal heads under simulated mechanical strain (36). 

The physical examination encompasses not only the HV deformity with associated 

blisters or ulcerations, but also associated pathologies that should be considered when 

contemplating treatment options, including hallux rigidus, osteochondrosis, subluxation of the 

second MTP-joint and especially the associated splay foot deformity (pes planovalgus) (22). 

Radiological examination includes weightbearing anteroposterior or dorsoplantar (Figure 3A) 

and a strict lateral view (Figure 3B) (22).  

 

The dorsoplantar view is most important for preoperative planning, as it delineates 

signs of arthritis, the width of the first metatarsal bone, the congruence of the proximal 

metatarsal joint, the position of the sesamoid bones and it can be used for angular measurements 

(22). The distal metatarsal joint will only be assessed intraoperatively, since radiological 

measurements are not precise (22).  

Figure 3. Radiograph of the foot (by courtesy of Dr. W. Willauschus) 
 A) Dorsoplantar view 
 B) Lateral view 
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The most commonly used angular measurement to quantify the severity of a 

preoperative HV deformity and the degree of operative correction are the hallux valgus angle 

(HVA) and the 1-2 intermetatarsal angle (IMA 1-2) (37).  

The HVA is measured according to Smith et al. with two reference lines traversing the 

mid-longitudinal axes of the first metatarsus and first phalanx, with each axis intersecting the 

respective diaphyseal region (38), referring to the offset in first MTP joint positioning (37). The 

IMA 1-2 is measured after the manner of Hardy and Clapham with two longitudinal axes 

bisecting the first and second metatarsal shaft-mids (39). The deformity is classified as severe 

when the HVA exceeds 40° and the IMA 1-2 is greater than 16° (37, 40). Another important 

angle is the distal metatarsal articular angle (DMAA). The DMAA is measured between the 

perpendicular of the longitudinal axis and a parallel line to the distal articular surface of the first 

metatarsal bone (41, 42) and represents MTP congruity. The DMAA should normally not 

exceed eight to ten degrees (28, 41, 42). The measurements of the HVA, IMA 1-2 and DMAA 

are depicted in Figure 4. Two further angles not as commonly evaluated in Germany are the 

proximal- and distal articular set angles (PASA and DASA, respectively). The PASA denotes 

the relationship between the distal articular surface of the first metatarsal and its longitudinal 

axis, while the DASA determines the alignment between the proximal articular surface of the 

proximal phalanx and its longitudinal axis and should not exceed 7.5% (43). 

Figure 4. Radiographic angular measurement of 
the hallux valgus angle (HVA), intermetatarsal 1-2 
angle (IMA 1-2) and distal metatarsal articular 
angle (DMAA).  
(Radiograph by courtesy of Dr. W. Willauschus) 
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Pathobiomechanical studies show, that focusing only on the IMA 1-2 is an inadequate 

simplification of the complex three dimensional deformity HV (44). It is recommended to 

include diagnostic findings of instability and rotational displacement or extended radiological 

examination with an axial view to assess associated pathologies of the sesamoid bones. 

Furthermore, cross-sectional imaging (CT and MRI) allow for determination of alternate 

aetiologies of pain and for further assessment of the plantar plate, cartilage and collateral 

ligaments (45, 46) in the optimal decision making of treatment options.     

The subluxation of the first metatarsophalangeal joint in HV deformity leads to 

progressive reduction in health related quality of life with increasing severity of HV deformity 

due to reduced physical function and bodily pain (47). However, radiographic severity of the 

deformity must not necessarily correlate with the subjective perception on the impact of the 

health-related quality of life (48), marking the necessity for a patient-centred approach in 

informed decision making on therapeutic options for HV deformity. The direct comparison 

between an HV deformity and an anatomically correct position of the first MTP joint in an 

anteroposterior X-ray is shown in Figure 5. 

 

  

    

Figure 5. Anteroposterior radiograph of two different right feet 
A) Hallux valgus deformity of a right foot (by courtesy of Dr. W. Willauschus); 
B) Normal, anatomical alignment of the first ray with congruent 
metatarsophalangeal (MTP) joint (by courtesy of J. Zeitler).  
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1.3. Treatment 

1.3.1. Conservative Treatment 

Conservative orthopaedic measures may prevent a deterioration of HV at an early stage 

of disease (49). These may include toe spread, valgus splint and bunion shields (30). 

A large systematic review with metanalysis including 2066 articles showed that orthoses 

design with a toe separator or an element allowing for anatomic alignment of the forefoot is 

crucial for reducing the HVA and relieving pain (50), but a randomised controlled trial 

conducted by Torkki et al. concluded only short-term symptomatic relief by orthoses in a 

randomised controlled trial (51). Many patients will therefore seek alternative treatment options 

upon progressive deformity or persistent pain (52). Torkkis’s study group from Finland also 

concluded that the best outcomes regarding pain, cosmetic disturbance and footwear problems 

were achieved by surgical intervention as compared to a conservative approach (51). This 

conclusion is consistent with a systematic review from 2017, which found that surgery is more 

effective in reducing pain than conservative treatment (53).  

An exception to this general rule is HV in children. Congenital HV is rare and usually 

appears in early childhood as a developmental pathology in which conservative treatment with 

physical therapy and padding is generally sufficient (54).  

 

1.3.2. Surgical Treatment 

More than 150 different surgical procedures addressing common foot and ankle 

pathologies accompanying the HV deformity are described in the literature (49). Naturally, the 

key objective of these surgeries is to correct pain and deformity while preserving or  

reestablishing normal foot function (55). Ford and Hamilton further suggested that the choice 

of the most efficient surgical procedure should attempt to restore the normal mechanics of the 

first ray and should therefore not be exclusively based on the degree of the IMA 1-2 (55). Hence, 

extensive biomechanical and anatomic understanding of the forefoot and especially the first ray 

are inevitable in order to provide the patient with the best possible surgical correction.  

Despite the correction of the bony axis, the first metatarsophalangeal joint needs to be 

centered and stabilized. Essential for a successful outcome is balancing of the first MTP-joint 

by separating the contracted joint capsule and ligaments, the correction of the bony axis, the 

alignment of the DMAA and the closure of the joint capsule without tension (22).  



10 

 

In Germany, the current S2 guidelines for Hallux valgus suggest the classification of 

severity of the HV based on radiologic measurement of the IMA 1-2 and HVA and recommends 

the level of surgical correction accordingly (Figure 6) (56). 

 

The abovementioned operation techniques can be categorized according to their 

localization into distal, diaphyseal and proximal osteotomies and into open or percutaneous 

procedures (44). The most common approaches are to be described in somewhat more detail in 

the following paragraphs.  

  

Figure 6. The classification of Hallux Valgus based on radiographic measurement of the 
Intermetatarsal 1-2 angle (IMA 1-2) and the Hallux valgus angle (HVA) and the proposed 
corresponding surgical correction plane.   
Adapted from Waizy H et al. Die aktuelle S2-Leitlinie zum Hallux valgus (56). 

                                    
                                   

                     

      
             
        

        
               
          

    
              
          



11 

 

1.3.2.1. Distal Metatarsal-Correction-Osteotomy  

A distal osteotomy, for example the Chevron (Austin) osteotomy, is the method of 

choice for a mild to moderate malposition of the hallux with congruent joint lines, as depicted 

in Figure 5, with the upper limit for Chevron correction is a HVA of 35° and an IMA 1-2 of 

15° (36).  

The o eration is a horizontally directed “ ”-shaped displacement osteotomy of the first 

metatarsal head combined with a soft tissue structure release and balancing on both sides of the 

first MTP joint (57). The Chevron osteotomy allows for shortening, lengthening, rotation and 

plantar displacement of the first metatarsal head (44).  

The skin incision is placed medial to allow open access to the first MTP joint. After 

removal of the pseudo-exostosis, a hole is drilled centrally into the metatarsal head and two cuts 

are performed in an 60° angle to each other, meeting at the centrally placed drillhole (Figure 

7A) (2). In the case of a high DMAA or a severely laterally displaced joint surface of the 

metatarsal head, a narrow, medial bony wedge can be removed from the proximal fragment for 

further correction (36), such as in an adjunctive Akin osteotomy that will be described in the 

proceeding paragraphs. The head fragment is then displaced medially to close the osteotomy 

(36).  

In the original Chevron procedure, no fixation was intended (58) but due to loss of 

correction and development of pseudoarthrosis, an internal stabilization with a small screw is 

preferred by most surgeons (Figure 7B) (36).  

Figure 7. The Chevron (Austin) osteotomy: schematic placement and fixation.  
Adapted from Wülker et al. Operationsatlas Fuß und Sprunggelenk (36). 
A) Placement of the Chevron osteotomy at an 60° angle (medial view). 
B) Direction of screw-fixation of the osteotomy (dorsoplantar view). 
 *↑ denotes screw direction and ---- the osteotomy 
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1.3.2.2. Diaphyseal Metatarsal-Correction-Osteotomy  

From a mechanical standpoint, a more proximal metatarsal osteotomy can achieve a 

greater degree of correction and is therefore recommended for more severe HV deformities 

(59), namely an HVA greater than 31° and an IMA 1-2 greater than 16° (56). The indication for 

a “Scarf”-osteotomy is mild to moderate HV deformity. Its correction- power for the IMA 1-2 

is averaged to 7,8° and for the HVA to 18° (58). Similar to the Chevron osteotomy, the scarf 

osteotomy allows for correction in length, rotation and plantar displacement of the first 

metatarsal head (44). The scarf osteotomy is particularly indicated in juvenile hallux valgus, 

which usually presents with a markedly increased DMAA (42). This is due to its correction 

power by allowing translation or pivoting of the fragment (60–62).   

The term “scarf osteotomy” refers to car entry, when be eling the ends of two  ieces 

of wood and securely fastening them so that they overlap to create one continuous piece (63). 

This method dates back to 1926, first described by Meyer (64), and was widely 

popularized at the end of the 20th century by Weil (65) in America and Barouk (59, 65–67) in 

Europe. The Weil osteotomy is described for the lesser metatarsals, meaning the metatarsal 

bones two to five, and has been performed since 1985 by L. S. Weil in Chicago (63). According 

to Barouk, the scarf osteotomy is only one of four necessary steps to correct the HV deformity. 

It is essential to combine it with an MTP lateral release, a medial capsuloraphy and a proximal 

osteotomy at the great toe (60). These proximal osteotomies may be a shortening osteotomy or 

an Akin osteotomy, which will be discussed in the next subsection.  

The osteotomy cuts for the scarf osteotomy are depicted in Figure 8A. The head-shaft-

fragment is then displaced laterally until the desired level of correction has been reached (36). 

The scarf osteotomy is usually stabilized by two screws for compression of the fragments after 

shifting and the protruding bony remains on the dorsal surface are removed (Figure 8B) (36). 

  

 rotr ding bony remains

    

Figure 8. The Scarf osteotomy: schematic placement and fixation.  
Adapted from Wülker et al. Operationsatlas Fuß und Sprunggelenk (36). 
A) Placement of the Scarf osteotomy (medial view). 
B) Directions of screw-fixation of the osteotomy (dorsoplantar view). 
*↑ denotes screw direction and ---- the osteotomy 
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1.3.3.3. Proximal Opening- and Closing- Base Wedge Osteotomies  

 The opening and closing base wedge osteotomies are performed proximal on the first 

metatarsal and differ from the abovementioned distal Chevron osteotomy in that they are more 

powerful in correcting an increased IMA 1-2 due to a larger leverage effect (68, 69) and are 

indicated for a moderate HV deformity (56).  

 

1.3.3.3.1. Opening Wedge Osteotomy  

 The primary objective of an open wedge osteotomy is to correct the metatarsus primus 

varus deformity, an intrinsic factor that contributes to the development of hallux valgus 

deformity (15). In the past, this technique was infrequently used for HV correction because it 

leads to the elongation of the first metatarsal, which in turn leads to tightening of the soft tissues 

surrounding the first MTP joint and increases the likelihood of joint compression and 

subsequent development of arthritis (70). A main advantage is that preservation of the 

metatarsal length decreases the risk for iatrogenic transfermetatarsalgia (71, 72). The osteotomy 

can be fixated by staples, screws or plating systems (72, 73).  

 

1.3.3.3.2. Closing Wedge Osteotomy  

 The procedure of a closing wedge osteotomy for HV treatment was first described by 

Loison in 1901 and was altered by Juvara in 1919 through an oblique osteotomy (74). It is a 

technically demanding procedure, requiring precise wedge resection to adequately correct the 

IMA 1-2 while preserving the medial cortex as a hinge (75). Common complications include 

elevation or shortening of the first metatarsal (76, 77) and nonunion due to poor bone healing 

or unstable fixation (70, 75, 78). These complications arise mainly due to incorrectly placed 

osteotomies, which naturally occur less frequently in a technically less demanding open wedge 

osteotomy.  

The clinical outcomes and occurrence of complications do not demonstrate the same 

level of favorability as other techniques such as basal chevron osteotomy (78, 79). Baravarian, 

Green and Kim even published a point-counterpoint article, in which they stated that the 

Lapidus procedure, explained in the next paragraphs, should replace the closing base wedge 

osteotomy (80). However, closing base wedge osteotomy is very effective in correcting 

moderate to severe HV deformities due to its proximity to the apex of the deformity (58) and 

remains a solid component in the clinical guidelines for operative correction of symptomatic 

HV (56).  



14 

 

1.3.3.4. Akin Osteotomy  

The Akin osteotomy is a medially based closing wedge osteotomy first described by OF 

Akin in 1925 (81). It can be used as an additional procedure for hallux valgus interphalangeus 

in the region of the first phalanx or as a singular surgery and is usually fixated with a small 

staple or screw (44). Indications for an isolated akin osteotomy are correction of the proximal 

and distal articular set angles (PASA and DASA, respectively) by placing the osteotomy more 

proximally or distally (82).  

The term "cheat akin" procedure refers to a method of correcting the alignment of the 

great  toe, which results in an unsightly and excessively curved inward appearance of the medial 

surface through removing a larger wedge but disregarding the IMA 1-2 and congruity of the 

first MTP joint (83).  

The main objective of this surgery is to maintain the lateral cortex of the phalanx as an 

additional point of fixation (84). However, intraoperative fracture of the lateral cortex is the 

most common complication (85).  As a closing wedge osteotomy, the Akin osteotomy leads to 

shortening of the proximal phalanx with removal of a bone wedge and should therefore be kept 

at the minimal amount necessary (82) to prevent iatrogenic postoperative metatarsalgia (27).  

A schematic representation of the osteotomy and direction of screw fixation is provided in 

Figure 9 (86). 

  

Figure 9. The Akin osteotomy: schematic placement 
and fixation (dorsoplantar view).  
Adapted from Sanhudo J. Clinical Tip: Modified Akin 
Osteotomy (86). 
*↑ denotes screw direction and ---- the osteotomy 
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1.3.3.5. Tarsometatarsal 1 Arthrodesis  

The Chevron- and Scarf- osteotomies described in the preceding paragraphs focus 

mainly on the correction of the HV deformity in a horizontal plane (36). However, through 

increased mobility of the first metatarsal not only in medial but also in dorsal direction, severe 

HV is a deformity in the horizonal and in the sagittal plane (36) and must be addressed by a 

different approach.  

The first tarsometatarsal (TMT) joint is composed of the articulation between the base 

of the first metatarsal and the distal surface of the medial cuneiform bone. The first arthrodesis 

was described by Albrecht in 1911 (87). This surgical procedure was assumed by Paul W. 

Lapidus in 1934 (88), who popularized the method in the following years (89). The Lapidus 

procedure is employed especially when hypermobility of the first metatarsal is evident on 

clinical examination (60) with dorsal displacement of the first metatarsal head exceeding five 

to eight millimeters compared to the other metatarsal heads under simulated mechanical strain 

(36). However, assessment of hypermobility is not exact and requires a significant amount of 

experience (90). 

Indications for Lapidus arthrodesis despite hypermobility are degenerative arthritis (91) 

and severe HV with an IMA 1-2 and an HVA exceeding 20° and 40° respectively (56). For a 

DMAA exceeding 10°, a subcapital osteotomy should be added to restore normal joint-line 

alignment (92).  

Arthrodesis or stiffening of the first TMT joint and the resulting loss of motion does  

not negatively influence function, since its physiological mobility, moderate dorsiflexion and 

plantar flexion coupled with small amounts of inversion and eversion (93), is neglectable (7).  

The abovementioned surgical techniques and their indications are summarized in Figure 10 (2).  
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Figure 10. Summary of surgical procedures for hallux valgus and their 
indications according to clinical and radiological findings including the 
intermetatarsal 1-2 angle (IMA 1-2) and the distal metatarsal articular angle 
(DMAA).  
Adapted from Rammelt S. Fuß- und Sprunggelenkchirurgie-Das Kursbuch (2). 
 *TMT-1 denotes the first tarsometatarsal joint 
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1.4. The Lapidus Procedure  

 

The Lapidus technique, as described in Lapidus' publication in 1934 (72), involves several 

steps. In the distal soft-tissue procedures, a medial approach is made at the level of the first 

MTP joint. The muscle bellies and tendons of the abductor hallucis and flexor hallucis brevis 

are identified and separated plantarly. A U-shaped capsulotomy is created with its base at the 

proximal phalanx. The adductor hallucis tendon is subcutaneously cut, and a dorsally-oriented 

capsulotomy is made. The U-shaped capsule flap is then sutured onto the abductor hallucis 

longus tendon using number 0 chromic catgut, applying considerable tension but not 

excessively tight (72). Next, the bunionectomy is performed at the level of the medial sagittal 

groove using small wood-carving chisels. The goal is to preserve the round shape of the 

metatarsal head while targeting the metatarsal neck. This step may or may not include a dorsal 

cheilectomy. For the TMT arthrodesis, a dorsal incision is made between the extensor hallucis 

longus (EHL) muscle medially and the extensor hallucis brevis (EHB) muscle laterally (72). 

The joint preparation involves shaving the articular surfaces of the base of the first metatarsal 

and medial cuneiform without removing wedges of bone. The cortex of the first and second 

metatarsals is removed, while leaving the bone chips in place. In terms of fixation, a bony tunnel 

is created at the dorsolateral part of the base of the first metatarsal. A number 0 chromic catgut 

suture is passed through the tunnel and fixated to the dorsal ligaments located between the 

medial and intermediate cuneiforms (72). Postoperative immobilization consists of using a 

12cm long and 7mm wide steel corset positioned on the medial aspect of the first metatarsal, 

covered with a well-padded dressing. This immobilization method is maintained for a period of 

3 to 4 weeks. Weightbearing is allowed based on the patient's pain tolerance, with or without 

the use of crutches. Special canvas shoes or wool socks are recommended during the initial 

month following the surgery (72). 

Today, the “original” Lapidus procedure with chromic catgut fixation and aftercare with 

wool socks is antiquated. Furthermore, the fixation with simple suture material was insufficient 

and lead to a large number of pseudoarthrosis (36), with early reports suggesting nonunion rates 

up to 20% (94–97).  
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1.4.1. The Modified Lapidus Procedure  

A number of modifications ha e been added o er the years and the term “ a id s 

 roced re” has become synonymo s with the many modified approaches to first tarsometatarsal 

arthrodesis (98). The “modified  a id s arthrodesis” denotes the isolated arthrodesis of the first 

T T joint as com ared to  a id s’ additional interc neiform screw connection (99). 

The fixation methods of the arthrodesis have significantly improved through the use of 

one or multiple screws for stability (36). With the introduction of a gutter or channel for the 

screw head, slipping of the screw head and fragmentation of the metatarsal basis can be 

prevented (36). Drilling of a gliding hole (lag screw technique) through the base of the 

metatarsal bone allows for further compression of the arthrodesis which promotes direct bone 

healing in contrast to healing with callus (100). Common positioning of the screws in Lapidus 

arthrodesis are portrayed in Figure 11 (36).   

 

  

Figure 11. The Tarsometatarsal arthrodesis of the first ray: schematic placement of the 
osteotomies and fixation (medial view).  
Adapted from Wülker et al. Operationsatlas Fuß und Sprunggelenk (36). 
*↑ denotes screw direction and ---- the osteotomy 

 etatarsal   edial c neiform
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1.4.2. Complications  

The most common complication of the modified Lapidus procedure is recurrence of the 

deformity (101, 102). The reasons for recurrence are heterogenous and includes surgeon's factor 

like under-correction of the initial deformity and deformity components that were not addressed 

at the primary procedure (102), marking the necessity for a thorough clinical and radiological 

examination of the three dimensional deformity before concluding on a treatment plan. Wirth 

et al. reported a recurrence in 8.1% (2.9-16%) (101), while Thompson et al. found only 4% 

recurrence with 2% revision (103). Similar outcomes were reported by Lagaay (104).  

Another common complication is pseudoarthrosis or nonunion of the arthrodesis. This 

complication has already been described for the original Lapidus procedure and continues to 

pose a huge problem even with modern techniques, with rates of 7.5% (1.8-18%) being reported 

in the literature (101, 105, 106). Risk factors for nonunion associated with modified Lapidus 

procedure include previous bunionectomy and an increased preoperative HVA (107).  

Further complications include pain and irritation of the soft tissue surrounding the 

implanted screws or plates (108) and transfermetatarsaliga due to shortening of the first ray 

(109, 110). Their frequencies are listed in Table 1 (111).  

 

Table 1. Complications in Lapidus arthrodesis surgery 

Complication Prevalence 

Recurrence 8.1% (2.9-16%) 

Nonunion 7.5% (1.8-18%) 

Arthritis of first MTP*- joint 13.1% (2-25%) 

Impaired mobility of the first MTP*- joint 12.1% (1-17.6%) 

Transfermetatarsalgia 9.4% (0-28%) 

Hallux Varus† 4.8% (0-8.7%) 

Adapted from Wirth CJ. Komplikationen bei der Behandlung von Fehlentwicklungen und 
Erkrankungen des Fußes. Komplilationen Kompakt: Orthoäpdie und Unfallchirurgie (111). 
*Metatarsophalangeal (MTP) 

†Overcorrection of the deformity  
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1.4.3. Plating Systems in Lapidus Procedure 

With the increasing employment of angle-stable plating systems in orthopaedic surgery over 

the past ten years (112), the Lapidus procedure has also evolved and plate-fixation has become 

the new gold standard due to accelerated recovery and biomechanical benefits (105, 113, 114).  

Plate techniques are superior to compression screws under cyclic loading conditions and 

could shorten the period of non-weightbearing and reduce the risk of nonunion (105, 113). 

Plating systems are particularly useful for patients with poor bone quality (115), with excellent 

patient satisfaction and functional outcome (116).  

Another benefit is the early weightbearing (83). The arthrodesis usually needs around 

six weeks to consolidate, and most postoperative protocols typically involve non-weightbearing 

during that time (83). A multicentre retrospective review of 80 cases by Neil Blitz with an early-

weightbearing protocol after two weeks showed a 100% union rate at 45 days and no 

compromise of correction (96), an outcome that was replicated  by Walther et al. using a plantar 

plate with 0% nonunion (117). In long-term follow-ups, the results continue to be successful 

even eight years after the procedure (118).  

Early full weightbearing has many advantages despite the obvious effect on the quality 

of life when not being dependent on crutches or other assistive devices. Prolonged 

immobilisation leads to musculoskeletal complications including decreased muscle strength, 

contractures and soft tissue changes (96). Furthermore, cardiovascular complications including 

orthostatic hypotension and thrombosis or embolisms may arise (119). Other possible 

complications include respiratory diseases, genitourinary problems and central nervous system 

changes that could adversely affect balance and coordination (120). Balance and coordination 

are crucial for all daily activities, but even more so in patients already suffering from mobility 

problems due to a pathologic forefoot deformity such as hallux valgus.  

Fracture healing is influenced by the amount of motion between the bone fragments or 

the force transmitted across the callus, also known as the mechanical environment in the 

fracture (121, 122). Rigid stabilisation of the callus preventing mechanical stimulation slows or 

might even arrests the healing process while a mechanical overload due to unstable fixation 

may also negatively influence healing and lead to hypertrophic pseudoarthrosis (123, 124). A 

semi- rigid fixation allowing for some mechanical stimulation of the fracture gab while at the 

same time compressing the fragments to allow healing without callus formation therefore seems 

to be the most desirable way to strike a balance in arthrodesis.  
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Many different plating systems striving for a good bony healing response are available 

on the market, although they differ in terms of stability, rigidity and placement (125, 126). The 

plates can be placed dorsally, medially or plantarly through different surgical approaches (127). 

The dorsal access follows the alignment of the first ray from the medial cuneiform distally 

towards the first MTP joint proximally and medial to the extensor hallucis longus tendon (128). 

For a medial access, the initial incision is placed between the dorsal and plantar neurovascular 

bundles, starting at the metatarsal's midpoint. The flexor hallucis longus tendon is easily 

maintained during the dissection (129). For plantar placement of the plating systems, the 

abovementioned medial access is used.  

The disadvantages of a dorsal approach include the thin soft tissue cover, proximity to 

the nerve and vascular bundle, and the more challenging removal of cartilage from the deeply 

located TMT1 joint (130). In the case of a medial approach, it is important to preserve the 

medial venous plexus to avoid wound healing complications (130), that are reported in up to 

14% of cases (95, 109, 131). Dorsal placement might lead too pain and soft tissue irritation due 

to interference with the tendon of the tibialis anterior muscle (108). The plantar tendon 

insertion area of the peroneus longus- and tibialis anterior tendon is not damaged by the medial 

approach (132, 133) and skin irritation can be prevented by plantar placement of the plate 

beneath the muscle belly of the m. abductor hallucis (109). 

 Drummond et al. compared these three locations with identical plates for stiffness and 

force resistance and found that the dorsal plate position is inferior to medial or plantar 

placement in all measured outcomes (127). These findings are consistent with a large systematic 

review from 2022 that further concluded that the medial and plantar approaches provide an 

excellent option to increase control and avoid the elevation in the first metatarsal joint and 

resulting transfermetatarsalgia (134). 

Clinical evidence on the superiority of the type of plating system used is sparse and the 

majorities of studies could not show a statistical significant difference in effectiveness of 

different plate types (134). Rosenfeld suggested that the use of specially designed plates in 

order to control dorsiflexion of the first metatarsal in combination with a compression screw is 

highly successful (116).  

The first angle-stable plate specifically designed for the forefoot was developed by  

E. Orthner in 2001 and was extended in the following year by a tension screw inserted between 

the first and second metatarsal bones due to delayed full weightbearing (135).  
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A more recent specially designed plate for optimal, biomechanically logical 

compression is the plantar tension band osteosynthesis as shown in Figure 12 (136) and  

Figure 12. This plating system combines the tension screw with a stabilising plate and allows 

for further compression of the arthrodesis due to its plantar placement and the bodyweight 

acting on the osseous gap.  

 

 

Klos et al. (136) compared the plantar plating system combined with a compression 

screw with a dorsomedial angle- stable plate in a biomechanical study and found that the plantar 

plate showed a statistically significant greater initial stiffness, a smaller range of motion or 

displacement and a greater load to failure (136). He concluded that there is a biomechanical 

benefit which needs to be validated through a clinical study (133), which is the aim of this 

thesis. An anteroposterior and a lateral radiograph of the foot after a Lapidus arthrodesis with 

a dorsomedial and a plantar plate is depicted in Figure 13.   

Figure 12. Schematic presentation of the plantar tension band osteosynthesis with a plantar 
plating system for Lapidus procedure (medial view). The arrows denote the direction of 
compression through pressure on the plating system generated by weightbearing  
Adapted from Klos et al. Plantar versus dorsomedial locked plating for Lapidus arthrodesis: a  
biomechanical comparison (136). 
  

Tension screw
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Figure 13. Anteroposterior and lateral radiograph of a right foot (A) and left and right foot 
(B) after a Lapidus arthrodesis (by courtesy of Dr. W. Willauschus). 
A and B) Lapidus arthrodesis with a plantar plating system (lateral and anteroposterior view).  
C and D) Lapidus arthrodesis with a dorsomedial plating system (lateral and anteroposterior 
view).  

    

    



 

 

2. OBJECTIVES 
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Our study grou ’s intend was to compare the outcomes of two common approaches to 

the Lapidus arthrodesis in symptomatic hallux valgus, the plantar- and the dorsomedial plating 

systems.  

Our hypothesis was that the plantar-plating system in Lapidus arthrodesis surgery is 

superior to the dorsomedial plating system in terms of radiological outcome and patient-

reported outcome. To validate the two different techniques, the following main outcome 

measures were defined. 

1. Postoperative radiological analysis of HVA and IMA 1-2  

2. Patient-reported outcome quantified by American Orthopaedic Foot and Ankle 

Society (AOFAS) scoring system (ranging from 10-100) and pain score on Visual 

Analogue Scale (VAS) (ranging from 0-10). 

Secondary outcome measures include whether the patient would repeat the operative 

correction with a simple yes or no answer and which overall grade or score the patient would 

give the operation according to the German school grading system ranging from 1 to 6 with 1 

being the best (very good). Furthermore, we analysed radiologically whether pseudoarthrosis 

developed that consequently lead to reoperation with a simple yes or no answer and the number 

of reoperations necessary expressed numerically. Moreover, the time until the patient had full 

weightbearing on the operated foot, despite the recommendation of the surgeon, were 

documented in weeks.  

 



 

 

3. MATERIALS AND METHODS 
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3.1. Data Sources and Study Objects   

This study is an observational retrospective study comparing the surgical outcomes 

between two different plating systems in Lapidus arthrodesis surgery. The sample is taken from 

the patients operated on symptomatic HV deformity in the alphaMED orthopaedic clinic in 

Bamberg, Germany, either with plantar or dorsomedial plating system.  

All data was taken from patient pre- and postoperative histories during the time frame of 

January 2014 until December 2017 including patient records and radiographs.  

Patients who are younger than 18 years of age were excluded from the study. Additionally, 

individuals with a history of previous foot fractures or surgeries were not eligible to participate. 

Patients with chronic musculoskeletal or neurological pathologies that may affect ligament 

stability or normal skeletal development were also excluded. Finally, any lower limb 

pathological findings discovered during clinical examination led to exclusion from the study. 

The study includes patients who have symptomatic HV and require a surgical correction based 

on the German S2 Guidelines for HV with previously failed conservative treatment. Participants 

must be older than 18 years of age, and both males and females are eligible to participate.  

43 patients were supplied with the dorsomedial Titanium Lapidus Plating System  

(AR-8941)® illustrated in Figure 14A, and 34 patients with the Plantar Lapidus Plating 

System® (Figure 14B). Both plating systems were used from the company Arthrex® (Naples, 

FL).  
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Figure 14. The dorsomedial and plantar Lapidus plating systems from Arthrex®  
A) Dorsomedial Titanium Lapidus Plating System®: T-shaped plate with 4 screw 

holes. The middle screw hole oval and can be filled with a tension screw in any 
direction. The other screw holes are angle stable and the screws need to be 
inserted coaxial to the plate. The right picture denotes the dorsomedial 
positioning of the plate over the first tarsometatarsal joint.  
Modified from Arthrex® Surgical Technique (149).  

B) Plantar Lapidus Plating System®: halfmoon-shaped anatomical plate with 5 
angle-stable screw holes in multiaxial directions. The middle screw hole is 
directed towards the dorsal base of the medial cuneiform bone and is filled with 
the tension screw. The right picture denotes the plantar positioning of the plate 
over the first tarsometatarsal joint.  
Modified from Arthrex® Surgical Technique (150). 
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One patient under the age of 18 years supplied with a dorsomedial plate was excluded 

from this study. Furthermore, eight patients had to be excluded from the study in the 

dorsomedial plate group due to insufficient postoperative follow-up. This also applies to three 

patients provided with a plantar plate that were lost during follow-up (Figure 15).  

 

 

Figure 15. Flow chart of the study to illustrate patient selection. 

 

The patient sample has an age range from 28 to 77 years of age and is therefore a good 

representation of the population. The mean age of patients at the time of surgery was 49.65 

years, with the age ranges in both the dorsomedial- and the plantar plate group being very 

similar and therefore easily comparable (Table 2). Both males and females were included, but 

no differentiation between the sexes was made.  

 

Table 2. Subgroup characteristics 

Subgroup Dorsomedial Plate Plantar Plate Total 

Individuals 34 31 65 
Minimum and 

maximum age [years] 
28 
77 

35 
72 

28 
77 

Mean age [years] 50.23 49.06 49.65 
 

The stage of disease was integrated by the previously failed conservative treatment and 

patient´s wish for a surgical correction of the deformity and was quantified by clinical and 

radiological analysis of the malformation. 
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3.2. Collected Data and Measurements 

Preoperative measures included clinical examination, radiological examination and 

measurement of the HVA and IMA 1-2, AOFAS scoring for the first forefoot ray and pain on 

the VAS. The AOFAS scoring system for the first forefoot ray was handed out to all patients 

in German language and is portrayed in Table 3 (137). It is internationally widely used due to 

its simple structure (138, 139), consisting only of  eight questions (106). 
 

Table 3. The American Orthopedic Foot and Ankle Society (AOFAS) Score for the first Forefoot  

Ray, validated German version. 

*Grading: Excellent=90-100 points; Good=75-89 points; Fair=60-74 points; Poor=<60 points 
†Metatarsophalangeal (MTP) 
‡Interphalangeal (IP) 
Adapted from Richter M., American Foot and Ankle Society (AOFAS) Score (137). 
 
 

Parameter Score 

Schmerz kein 
leicht, gelegentlich 
mittelmäßig, täglich 
heftig, fast immer 

40 
30 
20 
0 
 

Funktion 
(Einschränkung der 
Aktivität) 

keine Einschränkungen, keine Stütze/ Hilfe 
keine Einschr. bei den täglichen Aktivitäten, Einschr. bei 
Freizeitaktivitäten, keine Hilfen 
Einschr. Bei den tägl. Aktivitäten/ Freizeitakt., Stock  
starke Einschr. bei den tägl. Aktivitäten und 
Freizeitaktivitäten, Gehstütze, Krücke, Rollstuhl 
 

10 
7 

 
4 
0 
 

Schuhwerk 
 

modische Konfektionsschuhe ohne Einlagen 
Konfektionsschuhe mit Einlagen 
orthopädische Schuhe  
 

10 
5 
0 

MTP† Beweglichkeit 
 

normal, oder leichte Einschränkungen (75%-100% von 
normal) 
mäßige Einschränkungen (30%-74%) 
Massive Einschränkungen (<30%) 
 

10 
 

5 
0 

IP‡ Beweglichkeit 
 

keine Einschränkung  
stark eingeschränkt 
 

5 
0 

MTP-IP†‡ Stabilität Stabil 
eindeutig stabil 
 

5 
0 

Schwiele am Hallux MTP-
IP†‡ Gelenk 

keine oder symptomlos 
mit Symptomen 
 

5 
0 

Achsenstellung gut, Zehen achsengerecht 
mittelmäßig, gewisse Achsenabweichung 
schlecht, Achesenfehlstellung 

15 
8 
0 

Total 100* 
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The original AOFAS Ankle- Hindfoot Score developed by Kitaoka et al. in 1994 in 

English language is provided in Table 4 (139).  

 

Table 4. The American Orthopedic Foot and Ankle Society (AOFAS) scoring system for the 
first forefoot ray 

Parameter Score 

Pain None 
Mild, occasional 
Moderate, daily 
Severe, almost always present 

40 
30 
20 
0 
 

Function 
(activity limitations) 

No limitations 
No limitations of daily activities (employment) 
Limited daily and recreational activities; use of a 
cane 
 
Severe limitation of daily and recreational 
activities; use of a cane, crutches or wheelchair 

10 
7 
4 
0 
 

Footwear requirements 
 

Fashionable, conventional shoes, no insert 
required 
Comfort footwear, shoe insert 
Modified / orthopaedic shoes 
 

10 
5 
0 

MTP† joint motion 
(dorsiflexion / plantarflexion) 
 

 ormal or mild restriction  ≥ 5%) 
Moderate restriction (30%-74%) 
Severe restriction (<30%) 
 

10 
5 
0 

IP‡ joint motion 
(plantarflexion) 
 

No restriction 
Severe restriction 

5 
0 

MTP-IP†‡ stability Stable 
Definitely unstable or able to dislocate 
 

5 
0 

Callus related to hallux MTP-
IP†‡ 

No callus or asymptomatic callus 
Callus, symptomatic 
 

5 
0 

Alignment Good, hallux well aligned 
Fair, some degree of hallux malalignment 
observed, no symptoms 
Poor, obvious symptomatic malalignment 

15 
8 
0 

Total 100* 

*Grading: Excellent=90-100 points; Good=75-89 points; Fair=60-74 points; Poor=<60 points 
†Metatarsophalangeal (MTP) 
‡Interphalangeal (IP) 
Adapted from Kitaoka et al. Clinical rating systems for the ankle-hindfoot, midfoot, hallux, 
and lesser toes (139).  
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The VAS scale is a validated, subjective measure for acute and chronic pain. Scores are 

recorded by making a handwritten mark on a  0cm line re resenting a contin  m between “no 

 ain” and “worst  ain” (140). An example not true to scale is provided in Figure 16.  

  Figure 16. The visual analogue scale (VAS) for pain assessment. 
  Adapted from Delgado et al. Validation of Digital Visual Analog Scale   
  Pain Scoring With a Traditional  Paper-based Visual Analog Scale in Adult (140). 

Postoperative measures included clinical and radiological examinations of the operated 

first forefoot ray with measurements of the HVA and IMA 1-2, AOFAS score and pain score 

on VAS. Additionally, all patients needed to answer whether they would repeat the operative 

correction with a simple yes or no answer and rank their outcome according to the German 

school scoring system ranging from one to six with one being the best (very good). Clinically 

and radiographically verified pseudoarthrosis and reoperations necessary were collected and 

time until the patient achieved full weightbearing on the operated foot in weeks were noted.  

3.3. Methodology of the Study  

All patients were operated on by the patient same experienced certified foot surgeon in 

the alphaMED clinic in Bamberg, Germany, after previously failed conservative treatment. 

The surgical procedures do not differ substantially between the dorsomedial and plantar 

plating technique, except for a slightly more dorsally or more plantarly placed medial skin 

incision, respectively. The procedure, as it is performed by Dr. W. Willauschus in the 

alphaMED clinic in Bamberg, will be described in the following paragraphs. 

A medial skin incision allowing open access to the surgical site including the first MTP-

joint and the base of the first metatarsal is made. The capsule of the first MTP-joint is then 

incised in a Y-form. After detachment of the m. adductor hallucis and the sesamoid bone lateral 

and plantar and removal of the medial exostoses at the head of the first metatarsal, the capsule 

is reduced medially with a 2.0 vicryl suture. The MT1 head is temporarily trans-fixated onto 

the MT5 head with a Kirschner-wire and the base of the MT1 is prepared. The capsule and 

fibres or filaments of the m. tibialis posterior are visualised before the arthrotomy from 

dorsomedial is performed.  

  

 orst  ossible
 ain o  ain



33 

 

The cartilage at the base of the MT1 and on the medial cuneiform is sparsely resected 

with a saw before the subchondral sclerosis is broken up with a Kirschner-wire and a chisel. 

The MT1 is then reduced into the desired position and fixated with another Kirschner-wire onto 

the medial cuneiform bone. The degree of correction in the sagittal and horizontal plane is then 

verified by X-ray. The plantar plate is now adjusted by bending so that the two distal screw 

holes are at a right angle towards each other. The dorsomedial plate does not need to be bended 

for adjustment. Both plates are then applied at their respective location over the first TMT-joint 

and the two distal screws are inserted. The arthrodesis is then compressed by insertion of the 

tension screw in the so-called lag screw technique. Lastly, the two proximal screws are inserted 

and a final X-ray verification of the degree of correction and location of the plate and screws is 

performed.  

Both groups were provided with the same standardised follow-up scheme. This included 

obtaining radiological images in all three planes (anteroposterior, lateral and oblique) without 

weightbearing one day after the operation and with full weight bearing after six and twelve 

weeks to radiologically control the dimension of correction, bony consolidation and location of 

the osteosynthetic material. Immobilisation in a “short walker” orthosis and crutches and in a 

dorsal positioning splint at night with partial, pain-adapted weightbearing for six weeks. Full 

weightbearing was enabled after the second x-ray control after six weeks. A pre- and 

postoperative anteroposterior radiographic imaging of a foot is provided in Figure 17. 

 
    

Figure 17. Anteroposterior radiograph of a right foot 
(by courtesy of Dr. W. Willauschus) 
A) Preoperative x-ray with severe Hallux valgus deformity of the right foot  
B) Six- weeks postoperative image of a Lapidus arthrodesis with a plantar plating 
system and anatomically correct alignment of the first ray.  
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  A full anonymisation of the sample was performed by the operating surgeon. Only the 

prementioned scores and age of the patient were documented in an excel table for the purpose 

of analysis for this study. There was no possibility of concluding the identity of any of the 

patients from the gathered data. All data were collected in the routine pre- and postoperative 

management of the patients. 

This thesis proposal was approved on the 16.05.2023 by the IRB-ethical committee of 

the Regiomed Medical School in cooperation with the University of Split, School of Medicine.   

There was no financing granted for this study. The patients did not receive any money 

for participating. The author declares no conflict of interest conducting this study.  

3.4. Statistical Analysis  

Statistical tests were performed using the JASP program (Version 0.17.2.1, University 

of Amsterdam, Netherlands) with descriptive statistics and comparison of the main and 

secondary outcome measures between the two groups with a two-sample independent student´s 

t-test and Mann-Whitney- or rank-sum test with 95% confidence interval. The statistical 

significance value was set at P≤0.05. 
 

 

 

 



 

 

4. RESULTS



 

 

As visualized in Table 5, the mean preoperative HVA in the dorsomedial plating group 

and plantar plating group were 47.412° (21-67°) and 48.871° (36-63°) respectively. The mean 

IMA 1-2 likewise differed only slightly between the two groups, with 20.5° (13-27°) in the 

dorsomedial- and 22.516° (15-31°) in the plantar plating group. The HVA and IMA 1-2 in the 

two groups are illustrated in Figure 18A and 18B, respectively.   

The preoperative AOFAS score was graded as poor in both groups, with an average of 

37.765 points in the dorsomedial group and 38.774 points in the plantar plating group.  

 

Table 5. Preoperative descriptive statistics 

  
Dorsomedial Plate 

(N=34) 

Plantar Plate 

(N=31) 

HVA*
 [degrees]  47.412±10.040  48.871±8.350 

IMA 1-2† [degrees]  20.500±3.902  22.516±3.705 

AOFAS‡  37.765±10.151  38.774±9.875 

Data are presented as mean±standard deviation 
*Hallux valgus angle (HVA) 
†Intermetatarsal 1-2 angle (IMA 1-2) 
‡American Orthopedic Foot and Ankle Society (AOFAS) scoring system ranging from 0 to 
100 points 

 

 

  

Figure 18. Boxplots of preoperative forefoot angles in the dorsomedial- and 
plantar plating groups 
 A) Preoperative Hallux valgus angle (HVA) in degrees 
 B) Preoperative Intermetatarsal 1-2 angle (IMA 1-2) in degrees  
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All variables collected pre- and postoperatively significantly improved with the surgical 

procedure, independent of the plate type used (Table 6). HVA was corrected by an average of 

33.862° (95% CI: 31.333-36.390) (P<0.001) and IMA 1-2 on average by 11.846° (95% CI: 

10.986-12.706) (P<0.001). The AOFAS score improved by an average of 38.508 points (95% 

CI: 34.452-42.563) (P<0.001).  

 

Table 6. Paired samples t- test for pre- and postoperatively collected variables 

Pre- and 

Postoperative 

Measures 

t df P* 
Mean 

Difference 

SE 

Difference 

95% CI for 

Mean 

Difference 

HVA† [degrees] 26.758 64 <0.001 33.862 1.265 31.333-36.390 

IMA 1-2‡ [degrees] 27.526 64 <0.001 11.846 0.430 10.986-12.706 

AOFAS§ 18.967 64 <0.001 38.508 2.030 42.563-34.452 

*Student´s paired samples t- test on JASP program 
†Hallux valgus angle (HVA) 

‡Intermetatarsal 1-2 angle (IMA 1-2) 
§American Orthopedic Foot and Ankle Society (AOFAS) score ranging from zero to 100  
 

In the dorsomedial plating group, the HVA improved from a mean of 47.412°  

(95% CI: 44.037-50.786) to 13.941° (95% CI: 11.416-16.466). The IMA 1-2 was corrected 

from an average of 20.500° (95% CI: 19.188-21.812) preoperatively to 9.000° (95% CI: 19.188-

21.812) postoperatively. The mean time until full weightbearing of the operated foot achieved 

was 7.294 weeks (95% CI: 6.122-8.466). The mean postoperative AOFAS score was 77 (95% 

CI: 72.154-81.846) points which is graded as “good”.  ain on the  is al analog e scale was 

averaged at 3.265 (95% CI: 2.350-4.180). The mean grade assigned to the overall surgical 

procedure by the patients was 1.912 ( 95% CI: 1.621- 2.203) which translates to “good” in the 

German school grading system. These descriptive results are visualized in Table 7. 

 

  



38 

 

Table 7. Descriptive statistics for the dorsomedial plating group 

 Mean 
95% Confidence 

Interval Mean 
Minimum Maximum 

Grade*  1.912±0.866  1.621-2.203    1.000  4.000  

Weeks until full 
weightbearing 

 7.294±3.486  6.122-8.466    2.000  15.000  

HVA preop†  
[degrees] 

 47.412±10.040  44.037-50.786    21.000  67.000  

HVA postop†  
[degrees] 

 13.941±7.511  11.416-16.466    2.000  34.000  

IMA 1-2 preop‡ 

[degrees] 
 20.500±3.902  19.188-21.812    13.000  27.000  

IMA 1-2 postop‡ 
[degrees] 

 9.000±2.807  8.057-9.943    4.000  14.000  

AOFAS preop§ 
 

 37.765±10.151  34.353-41.177    25.000  65.000  

AOFAS postop§ 
 

 77.000±14.416  72.154-81.846    47.000  100.000  

Painǁ  
 3.265±2.723  2.350-4.180    0.000  10.000  

Data are presented as mean±standard deviation 
* German school grading system ranging from one to six 
†Hallux valgus angle (HVA) 

‡Intermetatarsal 1-2 angle (IMA 1-2) 
§American Orthopedic Foot and Ankle Society (AOFAS) score ranging from zero to 100  
ǁPain on the Visual analogue scale (VAS) ranging from zero to ten 
 

In the plantar plating group, the HVA decreased from a mean of 48.871° (95% CI: 

45.932-51.810) to 14.581° (95% CI: 12.465-16.696). Additionally, the IMA 1-2 demonstrated 

a successful correction, with a reduction from an average of 22.516° (95% CI: 21.212-23.820) 

preoperatively to 10.290° (95% CI: 9.367-11.214) postoperatively. It took the patients 

averagely 4.806 (95% CI: 4,187-5.426) weeks until full weight bearing on the operated foot 

was reached. The postoperative AOFAS score averaged at 76.484 (95% CI: 72.512-80.456) 

points (good). Pain on the visual analogue scale was averaged at 2.742 (95% CI: 1.909-3.575).  

The mean grade assigned to the overall surgical procedure by the patients was 1.484 

(95% CI: 1.246- .     which translates to “ ery good” in the German school grading system. 

The descriptive results for the plantar plating group are visualized in Table 8. 
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Table 8. Descriptive statistics for the plantar plating group 

 Mean 
95% Confidence Interval 

Mean 
Minimum Maximum 

Grade*  1.484±0.677  1.246-1.722  1.000 4.000  

Weeks until full 
weightbearing 

 4.806±1.759  4.187-5.426  1.000 8.000  

HVA preop†  
[degrees] 

 48.871±8.350  45.932-51.810  36.000 63.000  

HVA postop†  
[degrees] 

 14.581±6.010  12.465-16.696  3.000 32.000  

IMA 1-2 preop‡  
[degrees] 

 22.516±3.705  21.212-23.820  15.000 31.000  

IMA 1-2 postop‡  
[degrees] 

 10.290±2.623  9.367-11.214  6.000 17.000  

AOFAS preop§  38.774±9.875  35.298-42.250  20.000 60.000  

AOFAS postop§  76.484±11.284  72.512-80.456  48.000 95.000  

Painǁ  2.742±2.366  1.909-3.575  0.000 9.000  

Data are presented as mean±standard deviation 
* German school grading system ranging from one to six 
†Hallux valgus angle (HVA) pre- and postoperative 

‡Intermetatarsal 1-2 angle (IMA 1-2) pre- and postoperative 
§American Orthopedic Foot and Ankle Society (AOFAS) score ranging from zero to 100 pre- 
and postoperative 
ǁPain on the Visual analogue scale (VAS) ranging from zero to ten postoperative 
 

 

For comparison of the two groups, an independent samples t-test (student´s test) was 

used. For the variables that deviated from normality in the test of equality of variances 

(Levene´s test), a Mann-Whitney test was conducted.  

The main outcome measures defined for this study and their respective P-values are 

depicted in Table 9. Neither the postoperative radiological analysis of the HVA nor the IMA 1-

2 showed a statistically significant difference between the two different plating systems 

(P=0.708 and P=0.061, respectively). The postoperative AOFAS score did not differ 

significantly between the groups (P=0.874), with 77 and 76.484 points in the dorsomedial and 

plantar groups, respectively, both scores translating to “good” on the grading scale. The 

postoperative pain level also showed no statistically significant difference (P=0.414) between 

the groups, with 3.265 and 2.742 points on the VAS, respectively.  
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Table 9. T- test for the main outcome measures 

Main Outcome Measures t df P* 

HVA postop†  -0.377  63  0.708  

IMA 1-2 postop‡  -1.910  63  0.061  

AOFAS postop§  0.160  63  0.874  

Painǁ  0.823  63  0.414  

* Student's independent sample t-test 
†Hallux valgus angle (HVA) postoperative 

‡Intermetatarsal 1-2 angle (IMA 1-2) postoperative 
§American Orthopedic Foot and Ankle Society (AOFAS) score ranging from zero to 100 
postoperative 
ǁPain on the Visual analogue scale (VAS) ranging from zero to ten postoperative  
 

For the secondary outcome measures, the study group reported the number of 

pseudoarthrosis and reoperations necessary, weeks until full weight bearing and patient 

reported outcome in the form of an overall grading of the operation and whether the patient 

would repeat the operation with a simple yes or no answer. Three pseudoarthrosis were 

observed in the dorsomedial plating group that were not indicated for reoperation and none in 

the plantar plating group.  

The time until full weight bearing of the operated foot was reached was significantly 

shorter (P=0.002) in the plantar plating group as compared to the medial plating group with a 

mean of only 4.806±3.486 weeks until full weight bearing was attained in the plantar group and 

7.294±1.759 weeks in the dorsomedial group (Figure 19).  

 

The patient reported outcome measures (PROM) of grading the operation did not differ 

significantly between the two groups (P=0.024), altho gh the grade “ ery good” was awarded 

with higher frequency in the plantar plating group (Table 10). The worst grade in both groups 

was a 4 or sufficient, no grade below 4 was recorded as a patient reported outcome measure.  

Figure 19. Boxplot of weeks until full weightbearing after Lapidus arthrodesis surgery.  
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Table 10. Frequencies of grades 

Plate type Grade Frequency Percent (%) 

Dorsomedial Plate 
(N=34) 

 Very good  11  32.353  

 Good  18  52.941  
 Satisfactory  2  5.882  
 Sufficient  3  8.824  

Plantar Plate 
(N=31) 

 Very good  18  58.065  

 Good  12  38.710  
 Satisfactory  0  0.000  
 Sufficient  1  3.226  

 

27 out of 34 patients (79.4%) in the dorsomedial- and 29 out of 31 (93.5%) patients in 

the  lantar  lating gro   answered with “yes” to the q estion whether they would repeat the 

operation (Table 11).  

 
Table 11. Frequencies of repeating- operation wish 

Plate type Redo Frequency Percent [%] 

Dorsomedial Plate 
(N=34) 

 No  7  20.588   
 Yes  27  79.412   

Plantar Plate 
(N=31) 

 No  2  6.452   
 Yes  29  93.548   

 
There was no statistically significant difference in reoperating wish between the two 

groups (P=0.104) although a slight tendency of higher patient satisfaction with nearly 94% 

reoperation- wish in the plantar plating group was observed.  The results of the t-tests for the 

secondary outcome measures are listed in Table 12.  

 
Table 12. T-test for secondary outcome measures 

Secondary Outcome Measures Statistic df P* 

Weeks until full weightbearing  759.000  63  0.002  

Grading†  682.500  63  0.024  

Redo of the Operation  452.500  63  0.104  

* Mann- Whitney independent samples t- test 
† German school grading system ranging from one to six 
 
 

 

  



 

 

5. DISCUSSION 



 

 

The Lapidus procedure is indicated for severe HV deformity (36) which can be fixated 

by a number of different plating systems (125, 126). This study aimed to compare to common 

approaches, the dorsomedial and the plantar plating systems in Lapidus arthrodesis surgery.  

Our results are consistent with the literature (96, 114, 117, 131). All variables collected 

pre- and postoperatively including the HVA, IMA 1-2 and AOFAS score, improved 

significantly upon surgical treatment (P<0.001). 

In experimental studies conducted on forefoot models, the plantar angle-stable plate 

construct showed a biomechanical benefit, which allows for conclusion of earlier resumption 

of weightbearing and lower rates of nonunion (136). Walther et al. could implement these 

results in a clinical study and showed fewer pseudoarthrosis, fewer hardware-problems 

including pain and soft tissue irritation (108)  and no complications in wound healing in the 

plantar plating group compared to the dorsal plating group (117). Similar results showing 

superiority of the plantar plating system were published by Gutteck et al. (131). This study 

could reproduce these outcomes and most of our primary and secondary outcome measures had 

a tendency to be better in the plantar plating group but were statistically non-significant.  

In the dorsomedial plating group, the HVA improved by a mean 33.471°. The IMA 1-2 

was corrected by 11.5° from an average of 20.500±3.902° preoperatively to 9.000±2.807° 

postoperatively. In the plantar plating group, the HVA decreased by an average of 34,29° and 

the IMA 1-2 demonstrated a reduction of 12.226°. The correction power of the IMA 1-2 is 

consistent with the work of Walther et al., who published 11° correction of the IMA 1-2 with a 

plantar plate (117).  Similarly, Gutteck et al. achieved 10.7° reduction of the IMA 1-2 with a 

dorsal plate and 10.2° with a plantar plate (131). The reduction of the HVA in this study of a 

mean of 33.862° in both groups is substantially larger as compared to the literature. Olms et al. 

reported 19.2° correction (141), similar to the work of Orthner and Hofstätter with a correction 

of 19° (135). This might be explained by the fact that we only included patients with previously 

failed conservative treatment in an advanced stage of the disease, needing larger corrections for 

anatomical realignment of the first ray.  

The postoperative pain level showed no statistically significant difference between the 

dorsomedial and plantar plating groups, with a mean of 3.265 and 2.742 points on the VAS, 

respectively (P=0.414). The patient reported outcome of grading the operation did not differ 

significantly between the two groups (P=0.024), altho gh the grade “ ery good” was awarded 

with higher frequency in the plantar plating group (58% vs. 32%). 27 out of 34 patients (79.4%) 

in the dorsomedial- and 29 out of 31 (93.5%) patients in the plantar plating group answered 

with “yes” to the q estion whether they would repeat the operation.  
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There was no statistically significant difference in this outcome between the two groups 

(P=0.104) although a slight tendency of higher patient satisfaction with nearly 94% reoperation- 

wish in the plantar plating group was observed. The slightly higher patient satisfaction and 

lower  osto erati e  ain le el might be e  lained by the “safe zone” of  lantar  lacement with 

less irritation of the central tendon parts (132), superior force resistant (127) and excellent 

control to avoid elevation of the first metatarsal and transfermetatarsalgia (134).  

The time until full weightbearing of the operated foot was reached was significantly 

shorter in the group supplied with the plantar plating system. These findings are consistent with 

the biomechanical benefit described for the tension-band effect of the plantar plating system 

(136), represented by earlier full weightbearing and a 100%-union rate. The main results as 

compared to the literature are summarized in Table 13 (114, 128).  
 

Table 13. Comparison with results from the literature 
 Dorsomedial Plate Plantar Plate 

Our Study 

(N=65) 

Pseudoarthrosis: 3 

Postoperative AOFAS*: 77 

Pseudoarthrosis: 0 

Postoperative AOFAS*: 76.5 

Walther et al.† 

(N=40) 

Pseudoarthrosis: 2 

Hardware problems: 3 

Delayed wound healing: 1 
 

Pseudoarthrosis: 0 

Hardware problems: 1 

Delayed wound healing: 0 

Gutteck et al.‡  

(N=34) 

Pseudoarthrosis: 1 

Hardware problems: 2 

Delayed wound healing: 0 

Postoperative AOFAS*: 91 

Pseudoarthrosis: 0 

Hardware problems: 0 

Delayed wound healing: 0 

Postoperative AOFAS*: 92 

*American Orthopedic Foot and Ankle Society (AOFAS) score ranging from zero to 100 

†Walther M et al. Die Arthrodese des Tarsometatarsal-I-Gelenkes mit einer plantaren 
Zuggurtungsosteosynthese (114). 
‡Gutteck  et al. Comparative study of Lapidus bunionectomy using different osteosynthesis 
methods (128).  

 

The main shortcoming of this study is the lack of information about comorbidities in 

the operated patients, which may reflect in the surgical outcome. Smoking is not only strongly 

correlated with delayed wound healing following surgical procedures (142), but may also 

inhibit fracture healing through delayed chondrogenesis and endochondral ossification (143), 

which represent two of the most common complications in Lapidus arthrodesis surgery. There 

was no differentiation between the sexes and no information about bone density, a risk factor 

that is especially present in postmenopausal women.  
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Furthermore, other adverse effects such as arthritis and impaired mobility were only 

included in the postoperative AOFAS score and cannot be considered individually from the 

gathered data.   

The main PROMs are highly s bjecti e and based on the  atient’s o erall e  erience 

with the clinic and the doctors, and are not necessarily limited to the surgical outcome of the 

hallux valgus. This might not only reflect in the overall grade for the surgery, but also in the 

reoperation wish, the AOFAS score and postoperative pain level. The level of pain an individual 

suffers is generally hard to quantify and is influenced by far more than simple aching or dullness 

in the operation wound. This bias can also be applied to the time until full weightbearing was 

reached.  ccording to the clinic’s  osto erati e  rotocol,  ain-adapted weightbearing of the 

operated foot is allowed immediately, and full weightbearing after the second x-ray control 

after six weeks. This variable was specifically intended to ascertain the true time point, when 

pain-adapted became full weightbearing, despite the recommendations in the postoperative 

protocol. This moment in time however, is also difficult to verify and relies only on the 

subjective memory of the patients.  

The sample is limited to 65 patients from Franconia, operated in a single clinic by the 

same experienced foot surgeon. Most patients have been connected to the clinic since the onset 

of their initial symptoms of HV and have high expectations for surgical treatment after 

conservative measures have been exhausted. This might reflect in an overall worse grade and 

patient satisfaction, when the high expectations are not met immediately postoperatively. 

Additionally, this study excluded patients with neurological and connective tissue disorders 

affecting the overall stability of the foot and can therefore not be applied to individuals suffering 

from concomitant foot deformities (144). 

Further limitations arise from the methods of variable collection. Guyton criticized the 

AOFAS scoring system for not being a purely self-assessment score and for its mathematical 

weakness.  e  ointed o t that the  oints are asymmetrically distrib ted, with “ ain” acco nting 

for 40 of the maximal 100 points (145), and the individual point distribution for the individual 

subcategories cannot be traced in the overall result. Another possible bias lies with the 

measurement of the HVA and IMA 1-2 on dorsoplantar and lateral foot radiographs. Saltzmann 

published error rates of 6° and 4° for the HVA and IMA 1-2 respectively (146), which can lead 

to severe over- and underestimation of the deformity or degree of surgical correction. The same 

applies to the DMAA, which is highly affected by longitudinal rotation and varus deviation of 

the first metatarsal and shows a poor interobserver reliability (147, 148).  

 



 

 

 

 
 

6. CONCLUSION 
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All variables collected pre- and postoperatively including the HVA, IMA 1-2 and 

AOFAS score, improved significantly upon surgical treatment. However, no statistically 

significant difference was found in most of the outcomes between the plantar- and the 

dorsomedial plating group, although a tendency for a better patient reported outcome can be 

defined by higher frequency of the grade “ ery good” and bigger reoperation in the plantar 

plating group and quantified by a 100% union rate in the plantar plating group.  

The time until full weightbearing of the operated foot was reached was significantly 

shorter in the plantar plating groups as compared to the medial plating.  

The plantar plating system as compared to the dorsomedial plating system in Lapidus 

arthrodesis surgery is superior in terms of early full weightbearing and rates of pseudoarthrosis 

which can be translated to better and faster healing tendency. However, bony consolidation was 

not quantified radiologically in this study and further investigation would be necessary to 

confirm these findings, changing the study design to a prospective, double- blinded randomized 

study with clinical surveillance of the postoperative period.  

Whichever plating system used, the surgical treatment of severe, symptomatic HV 

deformity remains the gold standard for treatment and significantly improves the deformity as 

quantified by radiologically and patient-reported outcomes.  
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Objectives: This thesis wanted to compare the outcomes of two common approaches to the 

Lapidus arthrodesis in symptomatic hallux valgus, the plantar- and the dorsomedial plating 

systems quantified by radiological analysis of the deformity and patient-reported outcome 

measures (PROMs). The hypothesis was that the plantar- plating system is superior to the 

dorsomedial plating system.   

Material and methods: This is an observational retrospective study conducted at the 

alphaMED orthopaedic clinic in Bamberg, Germany, from January 2014 to December 2017. 

The study included 43 patients treated with the dorsomedial Titanium Lapidus Plating System 

(AR-8941)® and 34 patients treated with the Plantar Lapidus Plating System® for symptomatic 

HV deformity. Preoperative measures included clinical and radiological examinations, as well 

as assessment of HVA and IMA 1-2, AOFAS score, and pain on the VAS. Postoperative 

measures included clinical and radiological examinations, assessment of the HVA and IMA 1-

2, AOFAS score, pain score on VAS, patient satisfaction, and German school scoring system 

ranking. Pseudoarthrosis, reoperations and time to full weightbearing were collected.  

Results: All variables collected pre- and postoperatively including the HVA, IMA 1-2 and 

AOFAS score, improved significantly upon surgical treatment (P<0.001). However, no 

statistically significant difference was found between the plantar- and the dorsomedial plating 

group, including the HVA, IMA 1-2, AOFAS score, postoperative pain level, overall grade and 

reoperation wish, altho gh the grade “ ery good” was awarded with higher freq ency and the 

reoperation wish was bigger in the plantar plating group. Three cases of pseudoarthrosis were 

observed in the dorsomedial plating group and none in the plantar plating group, showing no 

statistically significant difference but again a tendency for better outcome in the plantar plating 

group. The time until full weightbearing of the operated foot was reached however, was 

significantly shorter (P=0.002) in the plantar plating groups as compared to the medial plating 

groups. 

Conclusion: As hypothesized, the plantar plating system as compared to the dorsomedial 

plating system in Lapidus arthrodesis surgery is superior in terms of early full weightbearing 

and rates of pseudoarthrosis which can be translated to better and faster healing tendency. 

However, bony consolidation was not quantified radiologically in this study and further 

investigation would be necessary to confirm these findings, changing the study design to a 

prospective, double- blinded randomized study with clinical surveillance of the postoperative 

period. Whichever plating system used, the surgical treatment of severe HV deformity remains 

the gold standard for treatment and significantly improves the deformity as quantified by 

radiologically and patient-reported outcomes.  
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Naslov: US  R     K RURŠK G  S     K      R           US ARTRODEZE – 

PLANTARNI VS. DORZOMEDIJALNI PRISTUP 

Ciljevi: Ova disertacija ima za cilj  s orediti ishode d aj   običajenih  rist  a    a id s artrodezi 

kod simptomatskog hallux valgusa, plantarnog i dorzomedijalnog s sta a  ločica, k antificiranih 

radiološkom analizom deformiteta i mjera ishoda iz ješćenih od strane bolesnika. Hipoteza je da je 

 lantarni s sta   ločica s  eriorniji   odnos  na dorsomedijalni s sta   ločica. 

Materijal i metode: Ovo je opservacijska retrospektivna studija provedena u ortopedskoj klinici 

al ha       amberg ,  jemačka, od siječnja  0  . do  rosinca  0  . godine. U st dij  je 

 klj čeno    bolesnika koji s  liječeni dorzomedijalnim Titanij m  a id s s sta om  ločica   R-

8941)® i 34 bolesnika koji s  liječeni  lantarnim  a id s s sta om  ločica® za sim tomatski 

deformitet   .  reo erati ne mjere  klj či ale s  klinički i radiološki  regled, kao i  rocjen      

i IMA 1-2, AOFAS rezultata i boli na VAS-u. Poslijeoperacijske mjere uklj či ale s  klinički i 

radiološki  regled,  rocjen      i      -2, AOFAS rezultata, ocjenu boli na VAS ljestvici, 

zadovoljstvo bolesnika i ocjenjivanje operacije  rema njemačkom školskom s sta   bodo anja (od 

  do   ,  ri čem  je   najbolji  naj iši,  rlo dobro). Prikupljeni su podaci o pseudartrozi, 

reo eracijama i  remen  do  ot  nog o terećenja noge. 

Rezultati: S e  arijable  rik  ljene  rije i  oslije o eracije,  klj č j ći    ,      -2 i AOFAS 

rez ltate, značajno s  se  oboljšale nakon kir rškog liječenja (P 0.00  .  eđ tim, nije  ronađena 

statistički značajna razlika izmeđ  skupina s plantarnim i dorzomedijalnim pristupom,  klj č j ći 

HVA, IMA 1- ,     S rez ltate, razin  boli nakon o eracije,  k  n  ocjen  i želj  za 

reo eracijom, iako je ocjena " rlo dobro" dodijeljena s  ećom frek encijom, a želja za reo eracijom 

bila  eća   gr  i s  lantarnim pristupm. Uočena s  tri sl čaja  se dartroze   skupini bolesnika s 

dorzomedijalnim pristupom dok u skupini s plantarnim pristupom ih nije bilo, što  okaz je da nema 

statistički značajne razlike, ali o et  ostoji tendencija boljeg ishoda   skupini s plantarnim 

pristupom. Vrijeme do  ot  nog o terećenja o erirane noge bilo je značajno kraće  P=0.002) u 

skupini s plantarnim pristupom u usporedbi s dorzomedijalnom skupinom. 

Zaključci: Kao što je hi oteza s gerirala,  lantarni s sta   ločica    s oredbi s dorsomedijalnim 

s sta om  ločica    a id s artrodezi je s  eriorniji    ogled  rane  ot  ne  odrške tjelesne težine 

i sto e  se dartroze, što se može  re esti   bolje i brže zacjelji anje.  eđ tim, cijeljenje kostiju 

nije bilo k antificirano radiološki   o oj st diji, te bi daljnje istraži anje bilo  otrebno kako bi se 

 ot rdili o i nalazi, mijenjaj ći dizajn st dije    ros ekti n , d ostr ko slije   randomiziran  

st dij  s kliničkim nadzorom  osto erati nog razdoblja.  ez obzira na to koji se s sta   ločica 

koristi, kir rško liječenje teškog    deformiteta ostaje zlatni standard liječenja i značajno 

 oboljša a deformitet, što je k antificirano radiološki i od strane samih bolesnika. 

 


