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Rheumatoid arthritis (RA) is an autoimmune disease that significantly impacts

the quality of life and mobility due to chronic inflammation and joint damage (1, 2).

Hallux valgus (HV), characterized by a misalignment of the first ray of the foot, is a

common foot deformity in RA patients, causing pain and difficulty in wearing shoes (3).

Among the myriad afflictions RA imposes, foot deformities rank prominently, with an

estimated 90% of RA patients experiencing some form of foot deformity and a notable

25 to 40% undergoing surgery to address forefoot complications (3). Previous studies

demonstrated that the instability of the first tarsometatarsal (TMT) joint can be related

to HV deformity, and the presence of the instability may be predictable by assessing the

articular facet of the medial cuneiform in plain anteroposterior X-rays (4-11). Surgical

correction of HV includes various procedures, with joint-preserving techniques

becoming more prevalent due to advancements in RA treatment (12). Recurrence of HV

deformity is a known postoperative complication (13). However, no study has shown

the association between HV recurrence and the inclination of the articular surface of the

medial cuneiform. This study aims to assess the relationship between medial cuneiform

morphology and HV recurrence after distal metatarsal osteotomy (DMO) in RA

patients.
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We retrospectively investigated RA patients who underwent DMO for

moderate to severe HV (defined as HVA > 30° (14)) between 2005 and 2022 and were

followed up more than 1 year using KURAMA (Kyoto University Rheumatoid Arthritis

Management Alliance) cohort (15). All patients fulfilled either the 1987 diagnostic

criteria of the American College of Rheumatology or the 2010 American College of

Rheumatology/European League Against Rheumatism classification criteria for RA (16,

17). Clinical data, including disease activity, medication usage, and foot function

scores, were collected. Standard weight-bearing foot X-rays were analyzed

preoperatively, postoperatively, and at follow-up visits. DMO was performed using

Hohmann osteotomy as described previously (18). Recurrence of HV was defined as

hallux valgus angle (HVA) >20° after surgy (3, 19). The morphology of the TMT

articular facet of the medial cuneiform was assessed by first TMT joint angle

(1TMTIJA) proposed by Brage et al. (Supplementary Figure 1) (9). The hindfoot

deformity, reported as a risk factor for HV recurrence (20, 21), was assessed by

talonavicular coverage angle (TNCA), lateral talocalcaneal angle (LTCA), calcaneal

pitch angle (CPA), and talus-M1 angle (TIMTA) (22). To identify risk factors for HV

recurrence after background adjustment, we applied a generalized linear mixed model

(GLMM) to incorporate variations among surgeons and patients (15). The KURAMA
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cohort study was approved by the Kyoto University Graduate School of Medicine

Medical Ethics Committee (R0357), and informed consent was obtained from all

patients. Programs and software used for statistical analyses were summarized in

Supplementary Table 1.

In KURAMA cohort, we identified 45 feet in 33 RA patients who underwent

DMO with a median follow-up of 50.2 months. DMO was performed by four surgeons

HI, MF, KM, and TF) during the study period. HV recurrence rate was 42.2% (Table
g yp

1). During the longitudinal observation of HVA, preoperative HVA was significantly

higher in the non-recurrent group but corrected to similar levels after surgery

(Supplementary Figure 2). However, the difference in HVA between recurrent and non-

recurrent groups gradually became more prominent over time (Supplementary Figure

2). Interestingly, non-recurrent patients displayed no significant worsening of HVA

postoperatively within the follow-up period (Supplementary Figure 2).The preoperative

median age, body mass index (BMI), Clinical Disease Activity Index (CDAI), JSSF (the

Japanese Society for Surgery of the Foot) RA foot and ankle scale (23), concomitant

usage of methotrexate (MTX), glucocorticoids (GCs), and biological/targeted synthetic

disease-modifying antirheumatic drugs (b/tsDMARDs) were summarized in Table 1.

Preoperative disease activity and medication usage did not significantly affect HV
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recurrence (Table 1). Also, time-averaged disease activity (24), assessed by CDAI,

during the follow-up period did not differ between recurrent and non-recurrent groups

(Table 1). In the radiographic parameters, postoperative HV recurrence was associated

with greater preoperative HVA and 1TMTIJA (Table 1 and Supplementary Figure 2).

The other radiographic parameters known as risk factors for postoperative HV

recurrence, such as inter-metatarsal angle, Hardy’s classification, did not show

significant differences (Table 1) (25-27). There was no round sign positive (type R)

patient in both groups (28). None of the radiographic parameters of the hindfoot

assessed by TNCA, LTCA, CPA, and TIMTA were significantly correlated with HVA

preoperatively and at the last visit, consistent with the previous report (29)

(Supplementary Figure 3). We next performed GLMM to identify risk factors for HV

recurrence to account for inter-surgeon and inter-patient variations. Age, sex, BMI, dose

of MTX and PSL, use of b/tsDMARDs, preoperative HVA, preoperative inter-

metatarsal angle, postoperative inter-metatarsal angle, and ITMTJA were used as

covariates (fixed effect) with patient- and surgeon-specific random intercepts. GLMM

revealed that ITMTJA and preoperative HVA significantly positively correlated with

the HVA at the last visit (Figure 1). Receiver Operating Characteristic (ROC) curve

indicated that I”TMTJA had excellent predictive accuracy with Area Under the Curve
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(AUC) of 0.90 (Supplementary Figure 4). Setting the threshold of I TMTJA at 15°, 20

feet had 1 TMTJA > 15°, and 25 feet had ITMTJA < 15°. Among 20 feet with ITMTJA

> 15°, 16 feet (80.0%) showed HV recurrence, while HV recurrence was observed in 3

of 25 feet (12.0%) with ITMTJA < 15° (Supplementary Figure 5). Sensitivity,

specificity, positive predictive value, and negative predictive value for HV recurrence

were 84.21%, 84.62%, 80.0%, and 88.0%, respectively.

Although there is no consensus on the definition of postoperative HV

recurrence, the reported rate of HV recurrence in RA was 4.5% -60 % (3, 19, 30).

Kushioka et al. and Takakubo et al. separately reported the prevalence of HV recurrence

in RA patients with the exact definition of recurrence as our study (HVA >20°) (3, 19).

Kushioka et al. reported 16% recurrence in a mean follow-up of 35.3 months (19).

Takakubo et al. reported different HV recurrence rates based on the type of the

concomitant surgery for the lesser toe; they observed 32% recurrence when joint-

preserving surgery was conducted for the lesser toes, while they reported 60%

recurrence when resection arthroplasty was performed for the lesser toes (3). Of Note,

their outcomes were based on modified Scarf osteotomy and modified Mann method,

which have a higher potential for HV correction but may have higher invasiveness and

complication rates compared to DMO (31). Our findings suggest that preoperative
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measurement of I TMTJA may make it possible to screen appropriate patients for DMO.

RA disease activity can lead to progressive forefoot deformity, as reported by Shi et al.

(32). Kushioka et al. reported the association between RA activity control and HV

recurrence after HV correction (19). However, in our study, there was no statistical

difference in preoperative and postoperative time-averaged CDAI (Table 1). Also,

treatment did not correlate with HV recurrence in GLMM. Therefore, further studies are

needed on the association between treatment, disease activity, and HV in RA.

In summary, this study demonstrates that the inclination of the medial

cuneiform articular surface, measured by I TMTIJA, is an independent risk factor for

post-DMO HYV recurrence in RA patients. Notably, disease activity and medication did

not impact recurrence, underscoring the importance of anatomical factors in surgical

outcomes.
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Figure legends

Figure 1. Correlation between 1TMTIJA, preoperative HVA, and HVA at the last

observation.

A scatter plot showing correlation between 1 TMTJA, preoperative HVA and HVA at the

last observation. A line in the plots represents a regression line computed with generalized

linear mixed model.
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253  Table 1: Baseline characteristics

All (n=45)  Non-recurrent (n=26) Recurrent (n=19)  p-value
Age, median (IQR), yr 67 (14) 67 (6.5) 62.0 (17.5) 0.354
Sex, female % 86.70% 92.30% 78.90% 0.391
BMI, median (IQR), kg/m? 22.1(6.71) 22.3 (56.97) 22.0 (7.19) 0.416
MTX, median (IQR), mg 4.0 (6.0) 6.0 (4.0) 0 (6.0) 0.054
MTX use, % 64.4% 76.9% 47.4% 0.084
GC, median (IQR), mg 0.5 (3.0) 0(3.38) 1.5 (3.0) 0.768
GC use, % 53.3% 46.20% 63.20% 0.408
b/tsDMARDs use,% 42.2% 36.5% 47.4% 0.77
Preoperative CDAI, median (IQR) 7.45 (8.98) 8.0 (8.4) 4.0 (5.5) 0.367

Postoperative Time-averaged CDAI,
9.15 (4.20) 9.3 (2.01) 7.24 (4.24) 0.223

median (IQR)
Preoperative JSSF scale, median
56 (17.0) 56 (16.5) 56.5 (18.5) 0.296
(IQR)

Preoperative HVA, median (IQR), ° 47.6 (16.5) 42.4 (10.3) 51.8 (19.6) 0.041
Preoperative IMA, median (IQR), ° 16.0 (6.1) 16.7 (5.0) 15.0 (4.70) 0.528
Preoperative Hardy, median (IQR) 7.0 (1.0) 7.0 (1.0) 7.0 (1.0) 0.289
Postoperative IMA, median (IQR), ° 4.3 (3.5) 4.25 (3.32) 4.4 (3.9) 0.915
1TMTJA, median (IQR), ° 11.4 (12.3) 8.6 (4.35) 20.4 (3.80) p<0.001
Surgery for lesser toes, % 84.40% 84.60% 84.20% 1

IQR: Interquartile range, BMI: Body mass index, MTX: Methotrexate, GC: Glucocorticoid

(predonisolone equivalent), b/tAsDAMRDs: biological/targeted synthetic disease-modifying antirheumatic

drugs, CDAI: Clinical disease activity index, JSSF: Japanese Society for Surgery of the Foot. Statistics

used; Welch’s t test or Wilcoxon rank sum test for continuous variables and chi-square test with Yate’s

correction for categorical variables.
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