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A B S T R A C T   

Background: Both arthrodesis and total arthroplasty are acceptable surgical options for end stage hallux rigidus 
without significant angular deformity. Total arthroplasty preserves first metatarsophalangeal joint (MTPJ) mo-
tion, which may help restore a more physiological gait pattern. 
Research question: Is there a difference in the findings of gait studies after 1st MTPJ total arthroplasty or 
arthrodesis for end-stage hallux rigidus? 
Methods: PRISMA guidelines were followed to conduct a systematic review of literature for studies reporting gait 
analysis after the above procedures. Predetermined criteria were used to select papers and evaluated the findings 
of kinematic (spatial-temporal and dynamic motion), kinetic and foot pressure (pedobarographic) studies. 
Results: 12 titles were short-listed for synthesis. There was 1 randomized controlled trial comparing the two 
procedures. Among the remaining cohort studies, 5 reported on total arthroplasty and 6 on arthrodesis of the 1st 
MTPJ. Due to significant heterogeneity, a narrative synthesis was undertaken. No studies in the arthroplasty 
group reported spatial-temporal or kinetic parameters. Only 2 papers, 1 in each group, recorded motion within 
the foot. One of them showed preserved dynamic motion at the 1st MTPJ after total arthroplasty. Pedobaro-
graphic studies had discordant findings in studies within both groups regarding restoration of weight bearing 
through the medial forefoot and the pulp of the great toe during gait. 
Conclusion: Currently available studies are heterogenous and report inconsistent findings, which do not 
convincingly answer our research question. Prospective comparative studies with a large sample size, using 
standardized methodology in accredited laboratories with detailed reporting of kinetic, kinematic and pedo-
barographic components of gait analysis are required in order to draw concrete conclusions.   

1. Introduction 

Arthrodesis of the first metatarsophalangeal joint (MTPJ) has stood 
the test of time and is considered the current gold standard in the 
treatment of end stage hallux rigidus, especially in the presence of sig-
nificant deformity [1]. Total arthroplasty has also been shown to have 
good clinical results and has emerged as an acceptable alternative with 
the benefit of preservation of joint motion [2,3]. However, it is not clear 
if there are any advantages of preservation of MTPJ motion purely in 
bio-mechanical terms. This systematic review of the literature was 
conducted to find if there are any differences based on plantar pressure 
distributions from pedobarographic measurement, and if this is 
explained by kinematic data collected at the same time. 

2. Methods 

PRISMA guidelines [4] were followed in conducting this systematic 
review. A study protocol was made but not registered in a database. 

2.1. Research question 

Is there a difference in gait parameters after total arthroplasty or 
arthrodesis for end-stage hallux rigidus? 

2.2. Primary outcome 

Restoration of weight bearing on the medial side of the forefoot and/ 
or hallux. 
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2.3. Secondary outcome 

Restoration of kinematic (dynamic range of motion (ROM) of seg-
ments, spatial-temporal parameters) and kinetic (ankle power) param-
eters of gait. 

2.4. Study selection criteria 

Inclusions-studies which were:  

• published in English  
• restricted to patients undergoing 1st MTPJ surgery for osteoarthritis 

without significant angular deformities 
• used and reported gait outcomes and/or foot pressure (pedobaro-

graphic) measurements 

Exclusions-studies which reported exclusively or largely about:  

• patients with hallux rigidus with significant angular deformities 
(varus or valgus)  

• patients with significant inflammatory arthropathy like rheumatoid 
arthritis  

• patients with neuromuscular disorders 
• other forms of arthroplasty-hemiarthroplasty, excision, or interpo-

sition arthroplasty 

A systematic search of the literature was conducted on five online 
databases (Cochrane, Medline, Embase, CINAHL and PubMed) by AM on 
07.09.2020 (see Table 4 for the search strategy). The titles and abstracts 
were reviewed by both authors independently against the selection 
criteria and relevant articles selected for full-text review. The bibliog-
raphy was scanned to look for any papers missed in our search, and to 
ensure that our search strategy was comprehensive. After full-text re-
view of selected papers and confirmation of adherence to selection 
criteria the papers were analyzed, and a standard form was used for data 
capture. The quality of selected studies was assessed using the modified 

Medline (n=84), 
Embase (n=90), 
CINAHL (n=42), 

Pubmed (n=112),
Cochrane (n=1)

Total: 328
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(n = 142)

Records excluded
(n = 128)

Full-text articles assessed for 
eligibility
(n = 15)

Articles excluded
(n = 3)

Reason- Included a large 
proportion of patients with 
other pathologies (Hallux 

valgus and/or Inflammatory 
arthritis)Studies included in synthesis

(n = 12)

Records identified from 
Bibliography

(n = 1)

Fig. 1. PRISMA flow chart.  
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Coleman’s criteria [5], which is an objective instrument with scores 
ranging from 0 to 100 (85–100, excellent; 70–84, good; 55–69, fair; 
<55, poor). 

3. Results (see Tables 1–3) 

3.1. Selected studies 

142 titles were obtained in the systematic search after removing 
duplicates. A further study was found from the bibliography survey. 15 
titles were selected for full text review, and 12 [6–18] were finally 
short-listed for synthesis. (see Fig. 1-PRISMA flow chart). One ran-
domized controlled trial [11] comparing 1st MTPJ arthroplasty and 
arthrodesis was found and results of both cohorts are presented sepa-
rately. Six of the other eleven studies were prospective [6–9,15,16], with 
two [15,16] being in the Arthrodesis group. The mean MCMS was 55 
(33–73), with 5 papers graded poor, 6 fair and 1 good. It was similar in 
both groups at 56.2 (arthroplasty) and 56.6 (arthrodesis). A quantitative 
synthesis could not be performed due to significant heterogeneity in 
reporting of findings and a narrative review is presented. 

3.2. Patient selection criteria 

The sample sizes in the cohorts vary from 5 to 30 (6–33 feet) in the 
arthroplasty group and 8–60 (12–61) in the arthrodesis group. None of 
the prospective studies report a pre-decided sample size based on power 
calculations. Except 3 authors [6,7,15], all have clearly defined their 
selection criteria. Some have explicitly excluded patients with any 
co-existing lower limb problems (fracture, arthritis or prosthetic re-
placements of the hip, knee or ankle) [8,13,16] or previous great toe 
surgery [8,11,13,16], with one excluding patients with bilateral symp-
toms [8]. Some of the other papers have included patients who had 
previous or subsequent surgery to the great toe [10,12,14], though they 
constitute a small proportion of subjects (1.6–20%). In some series, not 
all patients underwent gait or pedobarographic evaluation since patients 
with bilateral replacement [12,14] or those lost to follow-up [11] were 
excluded. 

3.3. Surgical methods and implants used 

5 different implants were used by the 6 authors reporting on total 
arthroplasty [6–11], with one [10] including patients undergoing total 
and hemiarthroplasty with the same system. 5 papers reporting on 
Arthrodesis used a cup-and-cone construct [12–17] while 1 used oblique 
bone cuts [11]. Various fixation methods were used-cerclage wires with 
K-wires [11,14], staples with K-wires [14], screws [14–16] and locking 
plates [12,13]. 

3.4. Demographic parameters 

The papers in this review report on a total of 262 patients (288 feet), 
with 108 (116 feet) undergoing arthroplasty (including 7 cases of hemi- 
arthroplasty) and 185 (203 feet) undergoing arthrodesis. 8 patients in 
one study [11] had one of each on two sides and are counted in both. The 
mean age of all included patients was 59.3 (27–80) years. It was com-
parable in both groups at 58.6 (30− 80) and 59.7 (27–81) in the 
arthroplasty and arthrodesis groups respectively. Majority of patients 
were female at 78.1% (139/178) among studies reporting it, which was 
comparable between groups (arthroplasty-80%; arthrodesis-76%). Some 
of the authors have mentioned other parameters such as height, weight 
and/or BMI as well [7,8,10,13,15,17]. The pooled mean follow-up was 
46.1 (6–180) months, being 26 (6–84) months in the arthroplasty group 
and 57.3 (12–180) months in the arthrodesis group. 

3.5. Components of gait assessment performed 

All authors except one [15] have examined foot pressures using 
pedobarography in 102 patients (107 feet) in the arthroplasty group and 
144 (152 feet) in the arthrodesis group. Most of them have used force 
plate systems, but 2 papers [11,14] have used an insole pressure mea-
surement system. 

Kinematic assessment was performed by 4 authors [6,13,15,16]. 3 of 
them, all in the arthrodesis group, have presented their spatial-temporal 
findings [13,15,16]. In terms of dynamic ROM while walking, 2 papers 
have evaluated the same within the foot, with one in either group [6, 
13], though Rajan et al. have only presented data for the 1st MTPJ. In 
total, kinematic analysis was performed in 32 (33 feet) in the arthro-
plasty group and 38 (43 feet) in the arthrodesis group. Only 2 authors, 
both in the arthrodesis group, have performed a kinetic evaluation of 
foot power [15,16] in 32 patients (33 feet). 

3.6. Measures employed in pedobarography 

There is significant variation in the measures and regions of interest 
(ROI) used in the papers. 7 papers [6,7,9,11,13,15,16] have reported the 
peak pressure, with 4 in the arthroplasty group. One author [17] has 
qualitatively assessed the excursion of the centre of pressure (CoP). 5 
authors [7,8,10,12,16] of which 3 are in the arthroplasty group [7,8,10], 
have reported the peak force, calculated from the peak pressure and area 
of contact. Some of the papers have used standardization based either on 
the body weight [10,16], or the sum of peak pressures across all ROIs 
[14]. Some papers have also reported contact areas [7,12] and contact 
times [7,8,12]. The pressure time integral (PTI) has been evaluated by 
only 1 paper [13]. 

Each paper has focused on specific ROIs, according to their hy-
pothesis. The most selective is Knessl et al. reporting only hallux pulp 
forces at push-off [10]. Another has used forces under the heads of the 
first two metatarsals (MT 1/2) in addition to the hallux [12]. Most pa-
pers have used more areas to find a shift in force transmission from 
lateral to medial. This varies from only pressures under MT1 and MT5 
heads [6] to all areas possible with the pedobarographic equipment (all 
toes, all MT heads, midfoot, medial and lateral heel) [13]. 

Further, some authors have defined ratios of the measurements from 
different regions in order to represent the shift in force transmission. 
Rajan et al. have used the ratio of peak pressures under MT1 and MT5 
heads [6]. Nuesch et al. [7] define a mediolateral forefoot index, adding 
the peak pressure under the hallux, MT1 and MT2 (medial side) and that 
under MT3-5 (lateral side). Increase in these ratios has been used to 
prove a medial (or lateral) shift in forces being borne by the forefoot. 

3.7. Other clinical/radiographic measures used 

Validated patient reported outcome measures (AOFAS/MOXFQ/FFI) 
have been used by 5 papers, 3 in the arthroplasty [6,7,9] and 2 in the 
arthrodesis group [12,16]. Visual analogue scales have been used by 3 
papers, one being an RCT [11] and other two in arthroplasty group [7, 
8]. Gibson et al. have also conducted a cost analysis comparing 
arthroplasty and arthrodesis [11]. Four papers have measured the pas-
sive ROM in the prosthetic joint [7,9–11], with one [7] doing so using 
fluoroscopy. One of these [10] has also recorded active ROM. Radio-
graphic angles have been evaluated in 5 papers [9,11,13,14,16] of 
which 2 were in the arthroplasty group [9,11]. One paper has used the 
bone mineral density in the medial and lateral columns as a surrogate 
marker of change in weight bearing patterns [8]. 

3.8. Findings of the pedobarographic evaluation 

9 of the 11 papers [6–8,11–17] have analyzed differences between 
the study and comparator groups by statistical means. Broadly speaking, 
there are two aspects that has been looked into by various authors from 
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Table 1 
Overview of the papers included in the review.  

Author (year) Design Surgery Implant (s) used No. of 
subjects 
(feet) 

Age Sex (% 
F) 

Follow-up 
(months) 

Comparator (s) No. of 
comparators 
(feet) 

Aspects of gait 
evaluated 

Other aspects reported MCMS 

Rajan [6] 
(2019) 

Prospective 
cohort 

Total 
A’plasty 

Implants International 
ROTO-glide™ 

30 (33) 59.2 
(40− 80) 

29 
(97%) 

16 (6− 24) Pre-op +
opposite foot 

30 Kinematics (ROMe), 
pedobarography 

MOXFQ 59 

Nüesch [7] 
(2017) 

Prospective 
cohort 

Total 
A’plasty 

METIS® MPJ 
replacement 

8 (10) 65.7 (SD 
7.1) 

2 
(25%) 

52 (SD 3) Pre-op 8 (10) Pedobarography VAS pain, AOFAS, passive 
ROM (fluoroscopy) 

58 

Chraim [12] 
(2016) 

Retrospective 
cohort 

A’desis Cup & cone; Ortotech 
CHARLOTTE® MTP 
fusion plate 

60 (61); 
59* 

68.5 
(55− 81) 

54 
(90%) 

47.3 
(39− 56) 

Opposite foot 59 Pedobarography AOFAS,FFI 64 

Stevens [13] 
(2016) 

Retrospective 
cohort 

A’desis Cup & cone; integra 
hallu-Fix® arthrodesis 
plate 

8 (12) 59.4 
(50− 69) 

6 
(75%) 

27 (18− 60) Healthy controls 12 (21) Kinematics (ROM/ST), 
pedobarography 

Radiographic angles 46 

Wetke [8] 
(2012) 

Prospective 
cohort 

Total 
A’plasty 

Implants International 
ROTO-glide™ 

12 (12) 56 
(49− 63) 

9 
(75%) 

37 (12− 86) Pre-op +
opposite foot 

12 Pedobarography VAS pain, bone mineral 
density 

62 

Aas [14] 
(2008) 

Retrospective 
cohort 

A’desis Cup & cone; K-wire +
cerclage/staples; 
screws 

35 (39); 
21* 

52 
(34− 69) 

21 
(60%) 

96 
(24− 180) 

Opposite foot 21 Pedobarography 
(insole) 

VAS (pain, cosmesis, shoe 
problems, general), 
AOFAS, radiographic 
angles 

50 

Ramanathan 
[9] (2008) 

Prospective 
cohort 

Total 
A’plasty 

Press-fit ceramic 
implant (not 
specified) 

5 (6) 38− 60 nm 23− 40 Pre-op 5 (6) Pedobarography 
(optical) 

AOFAS, passive ROM, 
radiographic angles 

52 

Brodsk [15] 
(2007) 

Prospective 
cohort 

A’desis Cup and cone; screws 23 (23) 58 
(±9.5) 

nm 17 (12− 35) Pre-op 23 Kinematics (ROMf/ 
ST), kinetics 

Nil 56 

Knessl [10] 
(2005) 

Case series Total +
Hemi 
A’plasty 

Plus Orthopaedics 
TOEFIT-PLUS™ 

16 63 
(30− 80) 

13 
(81%) 

28 (±10) Published data Na Pedobarography Active & passive ROM 33     

TAa-9   TAa-24      
Gibson [11] 

(2005) 
RCT Total 

A’plasty 
Biomet-Merck 37(39)b; 

28(30)*,c 
55.5 
(34− 69) 

19 feet 
(50%) 

24 Pre-op; A’desis 
group 

31 (34) 
Pedobarography 
(insole) 

VAS pain (6,12,24 
months), radiographic 
angles, ROM (A’plasty), 
cost analysis 

73 Gibson [11] 
(2005) RCT A’desis 

Transverse cuts; wire 
plus cerclage 

34 (38)b; 
31 (34)*,c 

54.2 
(34− 77) 

23 feet 
(59%) 24 

Pre-op; A’plasty 
group 28 (30) 

DeFrino [16] 
(2003) 

Prospective 
cohort A’desis 

Cup and cone; 2 × 3.5 
mm cortical screws 9 (10) 

56 
(38− 72) 

5 
(56%) 34 (26− 44) 

Pre-op; opposite 
foot; matched 
controlsd 

9 
Kinematics (ROMf/ 
ST), kinetics, 
pedobarography 

AOFAS, radiographic 
angles 65 

Southgate [17] 
(1997) 

Retrospective 
cohort 

A’desis nm 16 (20) 46.5 
(27− 58) 

8 
(50%) 

152 
(84− 180) 

Metatarsal 
osteotomy group 

8 (10) Pedobarography ROM Arc 42 

A’desis = arthrodesis (fusion); A’plasty = arthroplasty; MCMS = modified coleman methodology score (see text) [5]. 
a TA = total arthroplasty (rest 7 had hemiarthroplasty) mean follow up for TA was 24 m. 
b 8 pts are common as they had arthroplasty on one side and arthrodesis on the other, total patients in the study-63 (77). 
c Lost to follow up A’desis 3 (4); A’plasty 9 (9). 
d Used only pre-op values as comparator in pedobarography; used opposite side/normal controls as comparator for kinetic/kinematics. 
e Reported only dynamic ROM of MTPJ. 
f Only ankle and joints above (not within foot segments). 
* Number undergoing gait studies. 
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the pedobarographic perspective. The first is preservation or restoration 
of normal weight-bearing pattern through the medial forefoot. 2 papers 
in the arthroplasty group [6,8] found that this is restored after surgery, 
while 2 found that it remains laterally shifted [7,11]. It must be noted 
that both of the former used the same implant. There are discordant 
findings within the arthrodesis group as well, with 2 finding no differ-
ence [14,16], 1 finding a medial shift [12] and two finding a lateral shift 
[13,17]. However, the only paper to compare against pre-operative 
findings [16] could not find a difference. 

The second aspect is restoration of weight transmission through the 
pulp of the hallux. In the arthroplasty group 2 papers have reported it, 
with one [7] finding no change with surgery. Knessl et al. have specif-
ically looked at force transmission in push-off and found only 4/16 
patients transmitting more than 50% of normal forces through the 
hallux after arthroplasty, with only 1 reaching normal levels [10]. In the 
arthrodesis group all have reported it- 2 authors have found a decrease 
[13,14] while 2 others [12,16] have found an increase, one of whom 
[16] showed a change after surgery. 

Lastly, Nüesch et al. [7] found the AOFAS to correlate with the Hind 
foot peak pressures in patients undergoing arthroplasty. They also found 
the peak pressure under the 1st MT head to be correlated with passive 
dorsiflexion at the 1st MTPJ. 

3.9. Findings of kinematic and kinetic evaluation 

Kinematic (dynamic ROM) data within the segments of the foot, is 
mentioned in two papers with one in each group. Rajan et al. [6] using a 
modified Davis model reported preservation of dorsiflexion in the 1st 
MTPJ after replacement. Stevens et al., who have performed and pre-
sented the most detailed analysis using the Oxford model, found changes 
in the hindfoot and forefoot motion that corresponds with avoidance of 
the rigid hallux during roll off and explains their pedobarographic 

findings of a lateral shift in the forces under the foot [13]. 
Unfortunately, none of the papers in the arthroplasty group have 

reported kinematic (spatial-temporal) or kinetic parameters and hence 
only findings in the arthrodesis group are noted. Among the 3 papers 
which have reported the former [13,15,16], two have found a decrease 
in step width, one comparing with healthy controls [13] and another 
with pre-op status [15]. Brodsky et al. [15] have also found increase in 
the single limb support time after surgery. One author has reported a 
decrease in step length off the operated side [16], but this is not sup-
ported by others. Coming to kinetic findings in 2 papers, one [16] noted 
decreased ankle power compared to the opposite side and normal con-
trols, while the other [15] found an improvement in ankle power with 
surgery. 

3.10. Other significant findings 

Statistically significant improvement in validated patient reported 
outcome measures (AOFAS, MOXFQ, FFI) have been reported by 3 au-
thors [6,7,9] in the arthroplasty group and 2 in the arthrodesis group 
[12,16]. Gibson et al. [11] have reported significant improvement in 
VAS for pain in both groups, with the arthrodesis group scoring better at 
12- and 24-month follow-up. They have also found arthrodesis to be 
more cost-effective. 

Passive plantarflexion was found to be significantly limited after 
arthroplasty by Nuesch et al. [7], while there was an improvement in 
dorsiflexion, not reaching significance. On the other hand, Ramanathan 
et al. [9] have found increases in both though they have not analyzed for 
statistical significance. 

In terms of radiographic angles, two papers in the arthrodesis group 
[13,16] note significant improvement in the hallux valgus angle, with 
one [13] also noting a significant improvement in the intermetatarsal 
angle. 

Table 2 
Parameters used in gait analysis and summary of significant findings.  

Author 
(year) 

Surgery Number/mean 
follow-up/ 
comparatora 

Equipment used Kinematic 
measures 

Kinematic findings Kinetic 
findings    

Kinematic Kinetic STPsb ROMc Spatial temporal Dynamic ROM  

Rajan [6] 
(2019) 

Total 
A’plasty 

30 (33); 16; pre- 
op/opposite foot 

BTS SMART 
DX; 10 
cameras 

Na No 1st 
MTPJ 

Nm Preserved ROM compared to pre-op Na 

Stevens 
[13] 
(2016) 

A’desis 
8 (12); 27; healthy 
controls 

VICON; 16 
cameras; 200 
Hz 

AMTI- 
OR6 Yes 

Hx vs 
FF 
FF vs 
HF 
HF vs T 
Proxd,e 

Decreased step 
width 

HF 
vs T 

Less Inversion in 
midstance, more IR in 
terminal stance 

Nm 
FF 
vs 
HF 

Less plantarflexion in mid/ 
term stance, less Abd & 
more supination in pre- 
swing 

Hx 
vs 
FF 

Less plantarflexion in 
loading and term stance 

Brodsky 
[15] 
(2007) 

A’desis 23; 17; pre-op 

Motion 
analysis; 5 
cameras; 60 
Hz 

AMTI- 
OR6 Yes 

Ankle/ 
proxe 

Decreased step 
width; increased 
single leg support 
time 

No change 
Ankle push- 
off power 
improvedf 

DeFrino 
[16] 
(2003) 

A’desis 
9 (10); 34; pre-op/ 
opposite foot/ 
matched controls 

Motion 
analysis; 5 
cameras; 60 
Hz 

AMTI- 
OR6 

Yes 
Ankle/ 
proxe 

Decreased step 
length 

Less ankle plantarflexion at end of 
stance-not significant 

Ankle power 
reducedg 

Nm = not mentioned/reported; Na = not applicable/not used. 
a Recorded as number of patients (number of feet); mean follow-up in months; comparator. Pre-op = pre-operative status in the same foot. 
b STP = spatial temporal parameters. 
c ROM = dynamic range of motion during gait analysis. 
d Hx = hallux; FF = forefoot; HF = hindfoot; T = tibia; Stevens et al. recorded relative segmental movement within the foot using the Davies foot model (all recorded 

in 3 planes)-hallux vs forefoot; forefoot vs hindfoot; hindfoot vs tibia. 
e Prox = proximal joints-knee and hip. 
f Compared to pre-op. 
g Compared to opposite side/controls. 
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4. Discussion 

While many studies have been performed comparing the two oper-
ations (arthrodesis and total arthroplasty) for advanced 1st MTPJ oste-
oarthritis with hallux rigidus, most have focused on patient reported 
outcome measures (PROMs), complications, cost benefits or survival (of 
arthroplasty). A recent systematic review looking at 33 studies, found 
arthrodesis superior to total arthroplasty, in-terms of clinical results 
using PROMs as well as in terms of surgical complications and revisions 
[18]. The authors warn that the evidence was of low-quality and rec-
ommended further high-quality prospective studies. There is, however, 

no available synthesis of the literature pertaining to the changes in gait 
mechanics after these operations. An attempt to address this deficiency 
and evaluate the available evidence from this perspective was per-
formed to find out if valid comparisons can be made between these 
procedures and hope to inform any future studies. 

As far as kinematics is concerned, only a third of the papers have 
evaluated this with only one [1] in the arthroplasty group. Half of these 
have not looked at dynamic ROM within the foot segments. The only 
paper which performed gait evaluation in the arthroplasty group has no 
mention of spatial temporal parameters. While it reports the dynamic 
ROM in the 1st MTPJ, motion of other foot segments is not reported. 

Table 3 
Parameters used in pedobarographic analysis and summary of significant findings.  

Author (year) Surgery (implant) Number/ mean 
follow-up/ 
comparator 

Equipment used Measures used Regions of 
interest 
used 

Analysis Significant findings 

Rajan [6] 
(2019) 

Total A’plasty 
(ROTO-glide™) 

30 (33); 16; pre- 
op/opposite foot 

RS scan Footscan®; 
200Hz 

Pmax; ratio of Pmax 

MT1/MT5 
MT1; MT5 State Comparator 1 (vs pre-op)-higher MT1 

Pmax/higher MT1:MT5 Pmax ratio        
Comparator 2 (vs unoperated foot)- 
lower MT1 Pmax pre-op/higher MT1 
Pmax post-op 

Nüesch [7] 
(2017) 

Total A’plasty 
(METIS®) 

8 (10); 52; pre-op Novel, EMED-SF4®; 
4 sensors/cm2; 50 Hz 

Pmax; Fmax; CA; 
CT; medio-lateral 
forefoot indexa 

Alld Stat Higher Pmax 5th MT        

Higher Fmax 4th/5th MT        
Lower mediolateral forefoot index 

Wetke [8] 
(2012) 

Total A’plasty 
(ROTO-glide™) 

12; 37; pre-op, 
opposite foot 

RS Scan Footscan® Fmax; CT (foot)b Medial/ 
lateral/ 
central FF 

Stat Comparator 0 (vs opposite; pre-op)- 
Lower medial forefoot Fmax        

Comparator 1 (same foot; post-op vs 
pre-op)-decreased lateral forefoot Fmax 

comparator 2 (vs opposite; post-op)-Nil 
sig 

Ramanathan 
[9] (2008) 

Total A’plasty 
(Press-fit 
ceramic) 

5 (6); 32; Pre-op Optical dynamic 
pedobarography 

Pc All Desce Generally reduced pressure on medial 
side, improved post-op in some but still 
not normal 

Knessl [10] 
(2005) 

Total + Hemi 
A’plasty 
(TOEFIT-PLUS™) 

16 (9 TA); 28 (24); 
published data 

Novel EMED-SF4®; 4 
sensors/cm2; 50 Hz 

Fmax at push-off 
(as % BW) 

Hallux Pulp Desc 25% pts applied no force in push off, 
25% pts applied >10% BW; 47.5% (6) 
pts applied >10% BW during whole 
cycle (including first force peak) 

Gibson [11] 
(2005) 

Total A’plasty 
(Biomet-Merck) 

28 (30); 56; pre- 
op/other group 

Novel EMED 
PEDAR® insole 
system 

Pmax MT1; MT5 Stat Higher MT5 Pmax compared to pre-op 

Chraim [12] 
(2016) 

Arthrodesis 
(plate) 

59; 47; Pre-op Novel EMED-SF4®, 4 
sensors/cm2; 50 Hz 

Fmax; CA; CT Hx; MT1; 
MT2 

Stat Max Fmax under hallux/MT1        

Higher MT1 contact area of MT1        
Higher hallux contact time 

Stevens [13] 
(2016) 

Arthrodesis 
(plate) 

8 (12); 27; healthy 
controls 

RS scan Footscan®; 
253 Hz 

Pmax; PTI All Stat Higher Pmax under toes 2− 5/MT head 
2− 5/midfoot; lower PTI under hallux        
Higher PTI under 4th MT/midfoot 

Aas [14] 
(2008) 

Arthrodesis 
(wires/screws) 

21; 96; opposite 
foot 

Parotec® insole 
system (24 sensors) 

Pmax (as % of 
total) 

Hx; MT1; 
MT5 

Stat Lower Pmax under hallux        

No difference Pmax MT1/MT5 
Gibson [11] 

(2005) 
Arthrodesis 
(wires) 

31 (34); 54; pre- 
op/other group 

Novel EMED 
PEDAR® insole 
system 

Pmax MT1; MT5 Stat No difference compared to pre-op 
(MT1/MT5/Hx) 

DeFrino [16] 
(2003) 

Arthrodesis 
(screws) 

9 (10); 34; pre-op/ 
opposite foot/ 
matched controls 

Novel EMED-SF4®, 2 
sensors/cm2; 71 Hz 

Pmax; Fmax All Stat Higher Pmax and Fmax under hallux        

Increased CT hallux and entire foot        
No difference MT heads 

Southgate [17] 
(1997) 

Arthrodesis (nm) 16 (20); 152; other 
group 

Musgrave pressure 
plate; 55 Hz 

Pmax; Fmax (as % 
total); CT 

All Stat/ 
Descf 

Higher MT5 CT in arthrodesis than        

Laterally shifted COP line with abrupt 
shift laterally at push off 

Pmax = peak pressure; Fmax = peak force; CT = contact time; CA = contact area; Hx = hallux pulp; MT = metatarsal head; PTI = pressure time integral; BW = body 
weight; COP = centre of pressure; nm = not mentioned. 

a Defined as ratio – (sum of forces Hx/MT1/MT5)/(sum of forces MT3/4/5). 
b Contact time of whole foot. 
c Not specified if peak or mean. 
d Heel (some have separated medial and lateral); midfoot; metatarsal (MT) heads 1–5; hallux pulp; lesser toes (some have separated MT2 and lesser toes). 
e Stat = statistical comparison; Desc = descriptive comparison (no stats analysis). 
f Used stats for comparing Fmax and CT but used a visual description of the centre of pressure line. 
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Thus, there is a significant gap in knowledge within the literature that 
needs to be addressed. 

The pressure distribution on the forefoot can be influenced signifi-
cantly by MTPJ function in many ways. Firstly, pain from the joint can 
make it difficult to weight bearing medially, leading to a lateral shift in 
peak pressures [19]. Secondly, reduced dorsiflexion can lead to inter-
ference in the smoothness of roll-over on the medial side in push-off, 
leading to preferential use of the functional middle and lateral MTPJs, 
again leading to a shift laterally [20]. Thirdly, as proposed by Hicks 
[21], dorsiflexion at the MTPJ tenses the plantar fascia, causing the arch 
to become more pronounced and the forefoot to pronate, both of which 
would lead to more pressure medially. Reduced dorsiflexion in push-off 
can cause a lateral shift by interfering with this ‘windlass’ mechanism. 
Lastly, alignment at the joint might be important as the pressure has 
been shown to increase medially in hallux valgus [22]. The expectation 
would be for foot pressures to be restored in a similar manner in 
arthrodesis and arthroplasty if the first was the main issue. There would 
be a difference, however, if movement at the 1st MTPJ had a significant 
contribution. 

Unfortunately, this hypothesis is not consistently borne out in the 
studies included in this review, with discordant results in both the 
groups. The lack of accompanying kinematic data makes it difficult to 
know if the plantar pressures correlate to any demonstrable mechanical 
abnormalities. The only exception is Stevens et al. in the arthrodesis 
group, who have described kinematic changes which are broadly in sync 
with the above conjecture [13]. In the arthroplasty group, dynamic ROM 
of the MTPJ was shown to be preserved by Rajan et al., which is 
consistent with the restoration of medial weight bearing in their patients 
[6]. 

The hallux provides the final thrust in foot push-off in normal 
walking. This is likely to be a function of normal roll-over on the medial 
forefoot as well as a well aligned, stable and pain-free 1st MTPJ. Again, 
the findings of various papers are discordant in both groups in this re-
gard making it difficult to analyze the effect of preserved motion in the 
joint. 

Studies of the normal foot with pedobarography show that the 
maximum pressures are observed in the forefoot and hallux, owing to 
weight transmission through a smaller area when compared to the heel. 
Two peaks occur in the total force under the foot during the stance phase 
of the gait cycle [23] and the one during push-off is borne largely by the 
forefoot. So, the maximum pressure under the metatarsal heads and 
pulps of the toes occurs in this phase. There are many studies of the 
distribution of pressure in normal feet, using force plate systems. Among 
these, the commonest reported pattern is of the highest peak pressures 
being found under the hallux pulp and 2nd and 3rd MT heads, followed 

by the 1st [24–26]. Kanatli et al. [26], looking solely at pressures under 
the MT heads, have also described maximum pressure under the ‘middle 
column’ (2nd/3rd MTs), followed by the ‘medial column’ (1st MT) as the 
commonest pattern, occurring in 63% of the subjects. However, they 
also note other patterns with maximum peak pressures on the ‘medial’ 
(1st MT) or ‘lateral’ (4th/5th MTs) ‘columns’. Hayafune et al. also note 
maximum pressures under the 2nd MT head, hallux, and 1st MT head 
[23]. These observations show that it important that any comparisons be 
made with the subjects’ pre-operative status. If not, comparison with the 
disease-free opposite side is also valid as many authors have found no 
side to side difference between the pressure profiles recorded in the 
same subjects [25,27]. 

Further studies are certainly required as total arthroplasty gradually 
gains acceptance with progressive improvement in designs, results and 
survival. It is our recommendation that these should be prospective, 
using pre-operative data from both feet as comparator (after evaluation 
of any difference). Ideally both arthrodesis and arthroplasty patients 
must be included, if possible, in a randomized trial. The pedobaro-
graphic analysis should use force-plate systems, utilizing not only peak 
pressures but other measures such as force and pressure time integrals, 
and report all regions of interest in the forefoot, especially the hallux and 
all metatarsal heads. The kinematic evaluation should include foot 
segmental motion and 1st MTPJ dynamic ROM. Spatio-temporal pa-
rameters must be included. Lastly, the evaluation should be performed 
in accredited laboratories. It may help if evaluation of normal subjects is 
performed in the same lab to establish base-line patterns in the popu-
lation. If the findings can be standardized, this can be very helpful in 
evaluating subtle issues leading to poor function or patient complaints 
after surgery. It can also aid in testing and post-marketing surveillance of 
new implant designs. 

This review is the first attempt at evaluating the literature for dif-
ferences between the two commonly used methods to treat hallux rig-
idus from the perspective of gait analysis. It follows standardized 
guidelines laid down by the PRISMA group [4]. It includes many papers 
with prospective data collection and good quality methodology. We 
were able to synthesize complex findings in a descriptive table and a 
narrative format and make recommendations for future studies. There 
are also many limitations. A quantitative synthesis could not be per-
formed due to significant heterogeneity in the equipment used for gait 
evaluation, and the parameters reported. This also influenced the 
qualitative analysis as we had to interpret findings in order to compare 
between papers. For example-increase in pressure, force or 
pressure-time integral were all considered to show increased weight 
bearing through a given ROI. Finally, the 6 papers in the arthroplasty 
group used 5 different implants. There was also variation within the 
arthrodesis group with different surgical techniques and implants used 
for the fusion. 

5. Conclusion 

The currently available studies are heterogenous and their results 
discordant, in terms of restoration of normal kinematics and pressure 
profiles with either arthrodesis or arthroplasty. There are gaps in the 
available information, especially regarding spatio-temporal and kinetic 
parameters after total arthroplasty of the 1st MTPJ. Further detailed 
studies, preferably with a prospective, comparative design and a sample 
size based on power calculations are required to reach concrete con-
clusions regarding any biomechanical advantage of preserving 1st MTPJ 
motion with Total Arthroplasty in end-stage hallux rigidus. These should 
be conducted with a standardized methodology in accredited labora-
tories and report on all aspects of gait analysis. 
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Table 4 
Search strategy.a  

Search line Search string Number of studies (Medline) 

1 (Metatarsophalangeal joint).ti,ab 2936 
2 (MTP joint).ti,ab 748 
3 (HALLUX RIGIDUS).ti,ab 644 
4 (ARTHRODESIS).ti,ab 11,846 
5 (FUSION).ti,ab 196,975 
6 (ARTHROPLASTY).ti,ab 62,659 
7 (REPLACEMENT).ti,ab 246,421 
8 (1 OR 2 OR 3) 3423 
9 (RECONSTRUCTION).ti,ab 203,706 
10 (4 OR 5 OR 6 OR 7 OR 9) 690,325 
11 (8 AND 10) 1011 
12 (BIOMECHANICS).ti,ab 17,266 
13 (GAIT).ti,ab 49,358 
14 (PEDOBAROGRAPHY).ti,ab 177 
15 (FOOT ADJ3 PRESSURE).ti,ab 1932 
16 (12 OR 13 OR 14 OR 15) 66,858 
17 (11 ND 16) 84  

a Using Medline as an example. The same search strategy was used in 4 other 
databases (CINAHL, Embase, Pubmed and Cochrane). 
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