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ABSTRACT 

Background: The modified Lapidus is a surgical procedure for managing moderate to severe 

hallux valgus deformities, especially in the presence of first tarsometatarsal joint arthritis or 

hypermobility. It has good long term results, but reportedly can lead to transfer metatarsalgia 

due to inherent shortening of the first metatarsal. 

Methods: A retrospective analysis of all adult patients who underwent a modified Lapidus 

procedure, during a three year period was performed. Clinical notes were evaluated to look 

for non-union or any other complications related to the surgery. Pre and postoperative 

standard weight bearing radiographs were used to establish the relative metatarsal length 

(RML), intermetatarsal angle (IMA), hallux valgus angle (HVA) and distal metatarsal 

articular angle (DMMA). A total of 69 modified Lapidus procedures were identified, with 32 

included in the study. 

Results: The mean pre and postoperative RML was -0.77 mm and -4.86 mm respectively. 

The average RML shortening due to the procedure was -4.09 (p < 0.0001). The mean pre and 

postoperative IMA was 15 and five degrees respectively (p < 0.0001). The mean pre and 

postoperative HVA was 33 and nine degrees respectively (p < 0.0001). One patient reported 

transfer metatarsalgia, which was attributed to elevation of the first metatarsal. 

Conclusion: In this series there was a statistically significant degree of shortening (p < 0.05) 

of the relative length of the first metatarsal, without any clinical implications. The low rate of 

transfer metatarsalgia following the modified Lapidus procedure could be attributed to the 

sagittal plane correction and stability obtained by performing a first tarsometatarsal (TMT) 

fusion. 

Level of evidence: Level IV, retrospective case series. 
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Introduction 

Hallux valgus (HV) is a common deformity. 25 It occurs in an estimated 23% of the adult 

population (age 18 - 65 years) and 35.7% of patients above the age of 65 years as reported in 

a meta-analysis performed by Nix et al. 20  It is not exclusively a cosmetic abnormality, but 

affects shoe wear,  causes pain and affects balance leading to  gait disturbances and even falls 

among the elderly. 15, 24  

First tarsometatarsal joint (TMT) fusion for the correction of a HV deformity was first 

described by Albrecht in 1911. 10  In 1934 Lapidus described his variation of this procedure. 

13 Although Lapidus was not the first to describe a first TMT fusion for the treatment of HV, 

this procedure and variations thereof are eponymously referred to him in the literature. The 

Lapidus technique described first TMT and first intermetatarsal joint fusion by suturing the 

joint capsule with catgut. The modern modified Lapidus procedure does not include the 

fusion of the intermetatarsal joint and utilises plates, screws or combinations thereof, to 

achieve fixation. The modified Lapidus procedure, in combination with a distal soft tissue 

release, has been shown to have good long term results in the treatment of moderate to severe 

HV deformities. 4, 8 

A reported complication of the modified Lapidus procedure is transfer metatarsalgia. 1, 3, 9, 17, 

21 This is described as pain in one metatarsophalangeal joint (MPJ) due to mechanical 

impairment of another MPJ. 14 It is suspected that fusion of the first TMT leads to shortening 

of the first ray. This shortening may lead to an increased weight bearing load on the second 

metatarsal (MT) head and other lesser toes. The load bearing surface of the second MT head 

is roughly half the size of the first. 11 The transferred load and smaller area of distribution 

predisposes the second MT head to transfer metatarsalgia. This increase in loading force can 

lead to stress fractures of the lesser metatarsals. 26 Coetzee et al. found that only four out of 
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118 feet (3.4%) developed transfer metatarsalgia following the modified Lapidus procedure 

in their prospective cohort. 4 Two of the cases were thought to be due to shortening of the 

MT, while the other two were due to a dorsiflexed first MT. 

First MT length can be measured as an absolute or as a relative metatarsal length (first MT 

length compared to the second MT length). Relative metatarsal length (RML) correlates to 

the functional length of the first MT and is believed to be more important than absolute MT 

length. 6  

In the author’s experience we found very few patients complaining of transfer metatarsalgia 

after the modified Lapidus procedure was performed. In practice, the correction of the 

intermetatarsal angle leads to the first MT head correction along a radius of curvature rather 

than simple translation, meaning the rotational correction may slightly lengthens the first MT 

relative to the second (see Fig. 1). The relative lengthening is offset by bone loss during the 

procedure.  

Carr and Boyd reported that up to four millimetres was an acceptable range for postoperative 

shortening of the first MT in HV surgery. 2 More recently, Nakagawa et al. found that a   

postoperative RML of -3 mm, predicted postoperative metatarsalgia (specificity 88% and 

sensitivity 85%). 18 The procedure investigated by Nakagawa et al. was a midshaft metatarsal 

osteotomy, with shortening and translation. That osteotomy being translational does not have 

the benefit of relative lengthening seen in rotational osteotomies such as the Lapidus. They 

used the Nilsonne/Morton method of measuring RML and found it easy to perform and 

reproducible in daily practise (see Fig. 2).  

The hypothesis for this study was that the change in RML of the first MT is not significant 

post modified Lapidus procedure. 
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Materials and methods 

A retrospective review of the records and X-rays of patients who underwent a modified 

Lapidus procedure was performed. The study included all adults (age 18 years and older) 

between July 2015 to April 2018 done at the same orthopaedic foot and ankle unit. During 

the study period 69 modified Lapidus procedures were performed among 53 patients. Out of 

these 23 patients, 32 feet, were included in the study group. Seventeen feet were excluded 

due to simultaneous second MT procedures. The procedure on the second MT affected the 

length of the second MT and subsequently affected the RML of the hallux. A further 19 feet 

were excluded due to missing or inadequate X-rays or follow up visits. 

All patient records were assessed for documented complications. 

Pre and postoperative full weight bearing AP radiographs without magnification were used. 

These were done in accordance to the international standard protocol. 22, 23 All radiographs 

were measured manually by the author. Intermetatarsal angle (IMA), hallux valgus angle 

(HVA) and distal metatarsal articular angle (DMMA) were measured according to the 

international standard technique. 7 

 RML of the first metatarsal was measured using the technique described by Nilsonne and 

Morton. 16, 19 The long axis of the second MT was used as a reference. Two parallel lines 

perpendicular to the long axis of the second MT are drawn: the first line at the level of the 

distal end of the second MT head, the second at the level of the distal end of the first MT 

head. The distance between these lines was measured using an electronic digital calliper. A 

negative value was obtained if the first MT was shorter than the second MT. A positive value 

indicates that the first MT is longer than the second MT (see Fig. 3). 
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Surgical technique 

The procedure is performed with the patient in a supine position and pneumatic tourniquet 

applied to the thigh 

A distal soft tissue release is performed first through a dorsal incision in the first web space. 

This includes sequential release of the adductor hallucis tendon, sesamoid suspensory 

ligament and the lateral capsule. This is followed by a bunionectomy through a medial skin 

incision and an L-shaped capsulotomy. The modified Lapidus procedure is then performed 

through a three to four centimetres incision dorsally over the first TMT joint. The extensor 

hallucis longus tendon is retracted medially. A capsular incision is made and the joint is 

carefully exposed. The MT cut is made perpendicular to the long axis of the first MT (in all 

the planes) at the level of the subchondral plate. The medial cuneiform articular surface is 

then resected perpendicular to the long axis of the second metatarsal in the frontal and sagittal 

planes, creating a lateral closing wedge. By doing this the first metatarsal will be almost 

parallel to the second metatarsal once the fusion site is reduced, thus correcting the IM angle. 

Both joint surfaces are then fenestrated using a 2.5 mm drill bit to allow for the access of 

marrow elements into the fusion site. The two joint surfaces are reduced while dorsiflexing 

the hallux and engaging the windlass mechanism, to ensure plantarflexion of the first 

metatarsal. It is very important to never elevate the first MT. Once reduction is obtained, two 

guidewires for the cannulated screws are used to provisionally fix the position. Adequate 

correction of the IM angle and positioning of the guide wires is confirmed under image 

intensification. The fusion site is compressed and fixed with two 4.7 mm cannulated headless 

compression screws (Acutrak 2, Acumed, USA). A distal medial closing wedge chevron 

osteotomy (MCWC) and Akin osteotomy are added when indicated. The MCWC is 

performed in cases with a high distal metatarsal articular angle (DMAA). The Akin 
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osteotomy is performed for correction of hallux valgus interphalangeus and pronation of the 

hallux. The capsule is repaired using Vicryl and the wound is closed in layers.  

Due to the medial cuneiform cut being perpendicular to the second MT more bone loss is 

expected than in other techniques where the cartilage might only be denuded. A closing 

wedge cut has the advantage of allowing the first MT to be nearly parallel to the second MT, 

leading to less shear strain across the fusion site and a reliable reduction of the IMA. 

 

Results 

The average age of the study group was 43 years (20 to 68 years). Nineteen of the patients 

were females and four were males. Thirteen patients (56%) underwent bilateral hallux valgus 

corrections. Nine of the patients (39%) had bilateral modified Lapidus procedures. The 

remaining four patients (17%) had a proximal opening wedge osteotomy on the contralateral 

foot. The indications for a modified Lapidus procedure within this series included 28 feet 

with hypermobility of the first TMT joint, with a moderate or severe HV deformity, three 

severe hallux valgus deformities and two hallux valgus deformities with osteoarthritis of the 

first TMT joint. Nineteen feet (59%) underwent an ipsilateral distal MCWC of the MT. 

Twenty eight feet (88%) underwent an ipsilateral Akin osteotomy. Seventeen feet (53%) had 

both an Akin and distal MCWC performed.  

All patients had clinical and radiological signs of union at 12 weeks. The mean preoperative 

RML was -0.77 (range, -7.2 to 4.56) mm and postoperative RML was -4.86 (range, -14.8 to 

0.6) mm. The mean RML change was statistically significant (p < 0.0001), with a mean 

shortening of -4.11 mm. The mean pre and postoperative IMA was 15 (range, 11 to 20) and 

five (range, 2 to 12) degrees respectively.  The mean pre and postoperative HVA was 33 
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(range, 16 to 46) and nine (range, three to 25) degrees respectively. The mean pre and 

postoperative DMAA was 16 (range, four to 26) and nine (range, 2 to 17) degrees 

respectively (see Table 1) 

To establish if any of the preoperative measurements or angles predicted the amount of RML 

change obtained with the modified Lapidus procedure, the Pearson Correlation coefficient 

was calculated. This measure sets out to assess the linear correlation between two variables, 

with the outcome having a value between +1 and −1. A value of one is total positive linear 

correlation, with a value greater than zero indicating a positive association; thus, an increase 

in the value of one variable will result in an increase in the other variable. A value of zero 

indicates that there is no linear correlation or no association between the two variables, and 

−1 is total negative linear correlation.  

 

This measure will highlight whether any preoperative angles or measurements has a high 

likelihood of predicting shortening of the RML that is considered higher than the norm. The 

correlation between the change in postoperative RML and the preoperative RML was -0.4. 

The correlation between the change in postoperative RML and the preoperative HVA was -

0.15. The correlation between the change in postoperative RML and preoperative IMA was 

0.3. According to these correlation calculations, none of the preoperative measurements had a 

strong correlation with the degree of RML change. Thus, none of these values was likely to 

predict excessive shortening of the first metatarsal. 

 

The distal MCWC osteotomy group had a mean change in RML of -3.82 (see Table 2) and 

the group without a distal closing wedge osteotomy mean change in RML was -4.49 (see 
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Table 3). One patient developed signs of transfer metatarsalgia at final follow-up. These 

patient’s x-rays were re-evaluated and the first MT was found to have been elevated by the 

procedure (see Fig. 4). 

 

 Discussion 

Hallux valgus deformity remains a common but complex condition in foot and ankle surgery. 

The foot and ankle surgeon needs to have an array of procedures to address each specific 

deformity and patient. It is important to understand each surgical procedure’s potential 

limitations and complications. The modified Lapidus procedure has good long term 

outcomes, but is reserved for specific indications. RML shortening resulting in transfer 

metatarsalgia is a concern, but both the amount of shortening as a result of the procedure and 

the correlation of RML and transfer metatarsalgia  have not been well establish in the 

literature.  

Our initial hypothesis was that the RML would not be shortened significantly due to the 

rotational correction achieved with this procedure. The medial cuneiform cut perpendicular to 

the long axis of the second MT adds to bone loss and potential shortening. The authors, 

however, believe that this technique adds to the stability of the fusion, decreases the rate of 

non-unions, leads to a reliable IMA correction and limits recurrence of the deformity.  

In this series the modified Lapidus procedure did lead to a significant amount of shortening 

of the first MT according to published standards. On average the amount of shortening was 

4.09 mm relative to the second metatarsal. Bednarz et al. estimated the amount of shortening 

in their series as four millimetres, but did not describe the technique of measuring the length. 
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1 They found no correlation between the amount of shortening and postoperative transfer 

metatarsalgia.  

Other authors have described measuring intraoperative metatarsal length and doing second 

metatarsal shortening osteotomies to avoid potential transfer metatarsalgia. Schmid and 

Krause suggested performing a shortening osteotomy on the second MT if the shortening 

following the modified Lapidus procedure exceeds 10 mm. 22 Coetzee suggested not to 

perform the Lapidus procedures if the first MT was 15 mm shorter than the second, 

preoperatively, due to the risk of transfer metatarsalgia. 4 

Comparing our results with the findings of Nakagawa et al. (that a -3 mm RML increases the 

risk of transfer metatarsalgia), 18 out of 32 (56%) feet had a postoperative RML less than -3 

mm. Only one of these patients reported transfer metatarsalgia. The low rate of transfer 

metatarsalgia postoperatively in the literature would suggest that shortening alone is not the 

cause for transfer metatarsalgia. 4, 12 Our patient with transfer metatarsalgia was found have 

an elevated first MT post-surgery. The authors believe that sagittal plane alignment of the 

first MT after the modified Lapidus procedure might be more important than the RML. With 

the first metatarsal stabilised in the correct amount of plantar flexion the tripod mechanism is 

maintained and transfer metatarsalgia prevented.  It is important to make sure intraoperatively 

that the first MT is appropriately plantar flexed (see Fig. 5). Further research looking at the 

sagittal position of the first metatarsal in patients with transfer metatarsalgia is needed. 

Hypermobility of the first TMT is a controversial cause of HV deformities; some researchers 

argue that this hypermobility may be a result of the deformity rather than the cause. 5 By 

eliminating this hypermobility with the fusion, this sagittal stability of the first ray probably 

decreases the incidence of transfer metatarsalgia.  
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 In this cohort, adding a distal MCWC osteotomy to the modified Lapidus procedure did not 

result in further shortening of the RML. 

 

Conclusion 

Shortening of the first MT is a concern in any hallux valgus surgery. The amount of first MT 

shortening which is clinically significant for the modified Lapidus procedure has not been 

established in the literature.  In this study the mean shortening was found to be 4.09 mm, 

which is statistically significant but had no clinical sequela. The authors believe that sagittal 

alignment is an important factor in preventing transfer metatarsalgia. 
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Table 1: Measurements of angles in degrees and RML in mm 

 

Table 2: Measurements and angle of RML in the MCWC sub-group (n = 19)  

 Preoperative 

Mean 

Range Postoperative 

Mean 

Range Average 

Change 

RML in mm -1.33 -7.2 to 0.38 -5.16 -14.8 to 4.41 -3.82 

IMA in degrees 16 11 to 20 5 2 to 8 -11 

HVA in degrees 33 26 to 38 10 3 to 21 -19 

DMAA in degrees 17 4 to 26 8 2 to 18 -8 

 

 

 

Total (n = 32) Preoperative 

Mean 

Range Postoperative 

Mean 

Range Average 

Change 

RML in mm -0.77 -7.2 to 4.56 -4.86 -14.8 to 0.6 -4.09 

IMA in degrees 15 11 to 20 5 2 to 12 -10 

HVA in degrees 33 16 to 46 9 3 to 25 -22 

DMAA in degrees 16 4 to 26 9 2 to 17 -7 
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Table 3: Measurements and angle of RML group without MCWC (n = 13) 

 Preoperative 

Mean 

Range Postoperative 

Mean 

Range Average 

Change 

RML in mm 0.06 -3.22 to 4,56 -4.41 -7.5 to 0.6 -4.47 

 

IMA in degrees 14 11 to 20 6 2 to 12 -8 

HVA in degrees 32 16 to 4 7 3 to 25 -25 

DMAA in degrees 16 4 to 26 10 2 to 17 -6 
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 Fig. 1: Rotational osteotomies as the Lapidus procedure can result in less RML shortening 

due to the correction of the deformity and relative lengthening compared to the head of the 

second MT 
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 Fig. 2: Nilsonne/Morton method of measuring RML 

.  

 Fig. 3: Pre and postoperative measurement of RML  
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 Fig. 4: Elevated first MT post modified Lapidus procedure 

 

 

 Fig. 5: Correct first MT alignment post modified Lapidus procedure 
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