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Clinical Research Article

Introduction

Achondroplasia is a congenital skeletal dysplasia resulting 
from a gain-of-function mutation in the FGFR3 gene.1 With 
an incidence of 1 in 26,000 live births, it develops by spo-
radic or autosomal dominant transmission.2 Its characteris-
tic features include disproportionate short-limbed 
rhizomelic dwarfism, lumbar and foramen magnum steno-
sis, frontal bossing, and normal intelligence.3,4

Genu varum, bowing of the lower limbs, and joint laxity 
are also common in achondroplasia, with an incidence 
reported at 50% to 60%.5,6 Owing to the severity of these 
deformities, there has been ongoing concern regarding the 
possibility of developing osteoarthritis in adulthood among 
patients with achondroplasia. Despite the malalignment of 

the lower limbs, degenerative osteoarthritis is known to 
rarely occur in achondroplasia, and osteoarthritis in achon-
droplasia is not considered a prevalent problem.3,7,8 Recent 
animal studies suggest that activation of FGFR3 may con-
fer protection against the development of osteoarthritis.9,10
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Abstract
Objective. The primary aim of this study is to examine the prevalence of ankle osteoarthritis in patients with achondroplasia 
and to assess the impact of surgical correction of lower limb alignment on this prevalence. The secondary aim is to 
identify radiographic parameters associated with ankle osteoarthritis. Design. This retrospective cohort study included 
134 patients (268 ankles) who visited our institution between March 2014 and February 2023. Lower limb alignment was 
assessed using the mechanical axis deviation, lateral distal tibial angle, anterior distal tibial angle, and talar tilt angle. Ankle 
osteoarthritis was evaluated using the Van Dijk Osteoarthritis score and modified Kellgren–Lawrence (K-L) scale by 2 
experienced orthopedic surgeons. Results. The prevalence of ankle osteoarthritis in our study cohort was 29%, and that 
of advanced ankle osteoarthritis defined by Van Dijk Osteoarthritis scale III or modified K-L grade 4 was 0.8% (aged <40 
years, 22%, and 0%; aged ≥40 years, 42% and 2%, respectively). Talar tilt angle was the only radiographic parameter that 
showed a significant correlation with the degree of ankle osteoarthritis (Van Dijk Osteoarthritis score, rs = 0.403, P < 
0.001; modified K-L grade, rs = 0.385, P < 0.001). Discussion. The prevalence of ankle osteoarthritis in achondroplasia 
is moderate, but the progression to advanced stages is uncommon. Ankle osteoarthritis in achondroplasia is strongly 
associated with increased talar tilt angle. This finding emphasizes caution regarding ankle osteoarthritis in achondroplasia 
with a nonparallel tibiotalar articular surface. Clinicians should, therefore, consider regularly assessing the talar tilt angle 
in patients with achondroplasia.
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However, to date, no comprehensive study has been con-
ducted to confirm the association between osteoarthritis and 
achondroplasia, other than expert opinions or fragmentary 
clinical observations. Recognizing the need for more sub-
stantial evidence, this study was designed with the primary 
aim of investigating the prevalence of ankle osteoarthritis in 
patients with achondroplasia; and assessing whether the 
surgical correction of lower limb alignment influences this 
prevalence. In addition, a secondary aim of this study was 
to identify specific radiographic parameters that may be 
associated with the development and severity of ankle 
osteoarthritis in achondroplasia. We hypothesized that the 
prevalence of ankle osteoarthritis in achondroplasia would 
be uncommon as it is currently recognized and affected by 
concurrent ankle joint alignment.

Methods

Patient Selection

After obtaining approval from the local ethics committee in 
March 2023, we conducted an electronic medical record 
search of the patients who had visited our institution 
(University Hospital’s Department of Orthopaedic Surgery) 
between March 2014 and February 2023 and identified 253 
patients with ICD-10 (International Classification of 
Diseases 10th Revision) code Q77.4, indicating achondro-
plasia. Among these patients, those who did not undergo 
genetic evaluation and those younger than 20 years were 
excluded. Patients with missing imaging data (e.g., weight-
bearing lower-extremity radiographs), a history of lower-
extremity fractures, or ankle intra-articular surgery were 
also excluded. After applying the exclusion criteria, 134 
patients were included in this study (Fig. 1). Retrospective 
data extraction was conducted by an author who was not 
involved in radiographic measurements or osteoarthritis 
assessments.

To investigate the effect of limb alignment correction on 
the development of ankle osteoarthritis, the enrolled patients 
were categorized into 2 groups. The surgical group included 
patients who underwent surgical treatments that affected the 
radiological parameters of lower limb alignment, including 
femoral or tibial corrective osteotomy, limb lengthening, or 
guided growth surgeries. The remaining patients who did 
not undergo surgical treatment were defined as the nonsur-
gical group.

Evaluation of Ankle Osteoarthritis

The primary outcome of this study, the degree of ankle 
osteoarthritis, was evaluated radiographically using the Van 
Dijk Osteoarthritis score and the modified Kellgren and 
Lawrence (K-L) scale.11-13 The Van Dijk osteoarthritis 
grades are as follows: grade 0, normal joint or subchondral 

sclerosis; grade I, osteophytes without joint space narrow-
ing; grade II, joint space narrowing with or without osteo-
phytes; and grade III, subtotal/total disappearance or 
deformation of the joint space. The original K-L scale has 
been used to evaluate osteoarthritis in various joints, and 
the modified version has been validated specifically for the 
radiological assessment of ankle posttraumatic osteoarthri-
tis.11,14,15 The grades for modified K-L scale are as follows: 
grade 0, no radiographic features of osteoarthritis are pres-
ent; grade 1, osteophytes of doubtful meaning on the medial 
or lateral malleolus, rare tibial sclerosis, joint space width 
unimpaired; grade 2, definite osteophytes on the medial 
malleolus, joint space width unimpaired; grade 3, definite 
osteophytes on the medial and/or lateral malleolus, moder-
ate (<50%) joint space width narrowing; grade 4, definite 
osteophytes on medial and lateral malleoli as well as tibio-
talar joint margins, severe (>50%) to complete joint space 
narrowing, constant tibiotalar sclerosis. In this study, 
advanced ankle osteoarthritis was defined as grade III 
according to the Van Dijk Osteoarthritis scale and grade 4 
according to the modified K-L scale.16-18 The grades of the 
Van Dijk Osteoarthritis and modified K-L scales for each 
patient were determined independently by 2 orthopedic sur-
geons, and disagreements were resolved through discussion 
between the 2 evaluators to reach a consensus.

Assessment of Lower Limb Alignment

As a secondary outcome of this study, the radiographic 
assessments of lower limb alignment were performed by 
measuring the mechanical axis deviation (MAD), lateral 
distal tibial angle (LDTA), anterior distal tibial angle 
(ADTA), and talar tilt angle (TTA) (Fig. 2). On the weight-
bearing anteroposterior radiograph, MAD was determined 
as the perpendicular distance between the mechanical axis 
of the lower extremity and the center of the knee joint.19 On 
the same radiograph, the LDTA was measured as the angle 
between the tibial axis and tibial plafond, and TTA was 
measured as the angle between the tibial plafond and the 
talar dome. On the weight-bearing lateral radiograph, the 
ADTA was measured as the angle between the axis of the 
tibia and a line drawn between the anterior and posterior 
margins of the tibial plafond to represent the articular sur-
face of the distal aspect of the tibia.20,21 Reference values 
for the MAD, LDTA, ADTA, and TTA were set to 10 mm, 
89°, 80°, and 0°, respectively.22,23 Two orthopedic surgeons 
performed measurements, and the average values obtained 
from both were used for statistical analysis.

Statistical Analyses

Data normality was determined using the Kolmogorov–
Smirnov test. The independent t-test was used to compare 
the following continuous variables: age, body mass index, 
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MAD, LDTA, ADTA, and TTA. The chi-square test or 
Fisher’s exact test was used to compare the following cate-
gorical variables: sex, grades of Van Dijk Osteoarthritis and 
K-L scales. Spearman’s rank correlation analysis was used 
to identify the correlation between lower limb alignment 
and ankle osteoarthritis. The radiographic parameters for 
lower limb alignment were converted to the absolute value 
of the difference from the reference value. Interobserver 
reliabilities for the grades of the Van Dijk Osteoarthritis and 

K-L scales were assessed by calculating the kappa coeffi-
cient (κ), and the values were judged as follows: poor 
(<0.2), fair (0.21-0.40), moderate (0.41-0.60), substantial 
(0.61-0.80), and almost perfect (>0.81).24 The interob-
server reliability of lower limb alignment measurement was 
determined using the intraclass correlation coefficient 
(ICC), with the following criteria applied for interpretation: 
poor (<0.5), moderate (0.5-0.75), good (0.75-0.9), and 
excellent (>0.9).25 Statistical analyses were performed 

Figure 1.  Flow diagram of the study.
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using SPSS software version 23.0 (IBM, Armonk, New 
York), and statistical significance was set at values of P < 
0.05.

Results

Of the 134 patients, 42 (31.3%) were included in the surgi-
cal group, and 92 (68.7%) in the nonsurgical group. In the 
surgical group, the average time elapsed after lower-extrem-
ity correction was 104 ± 67.8 months (range = 20-203 
months). Among the patients, 6 (14.3%) underwent distal 
femoral corrective osteotomy for varus deformity, 7 (16.6%) 
underwent proximal tibial corrective osteotomy for varus 
deformity, 2 (4.8%) had simultaneous distal femoral and 
proximal tibial corrective osteotomy for varus deformity, 24 
(57.2%) underwent limb lengthening with correction using 
an external fixation device, and 3 (7.1%) underwent guided 
growth surgeries, including hemiepiphysiodesis. No statis-
tically significant differences in patient characteristics  
were observed between the 2 groups (Table 1). Among  

the patients, 10 in the surgical group and 37 in the nonsurgi-
cal group were aged ≥40 years. When the 2 groups  
were stratified based on the age of 40 years, no differences 
in sex, age, or body mass index were observed between the 
groups.

Ankle Osteoarthritis

In our study cohort, the prevalence of ankle osteoarthritis 
and advanced ankle osteoarthritis was 29% and 0.8%, 
respectively. When comparing ankle osteoarthritis between 
the 2 groups based on the age of 40 years, 22% of patients 
aged <40 years showed ankle osteoarthritis, but none 
exhibited advanced ankle osteoarthritis. Furthermore, no 
significant difference in the degree of ankle osteoarthritis 
according to the osteoarthritis grading system was observed 
between the 2 groups (Table 2). In the group aged ≥40 
years, 42% of the patients showed ankle osteoarthritis, and 
2% of the patients exhibited advanced ankle osteoarthritis. 
Similar to those aged <40 years, the degree of ankle 

Figure 2. R adiographic parameters for the assessment of lower limb alignment. MAD, mechanical axis deviation; LDTA, lateral distal 
tibial angle; ADTA, anterior distal tibial angle; TTA, talar tilt angle.

Table 1.  Characteristics of the Study Patients.

Total  
(134 patients)

Surgical group  
(42 patients)

Nonsurgical group  
(92 patients) P

Sex 0.122
  Male 66 (49) 18 (43) 50 (54)  
  Female 68 (51) 24 (57) 42 (46)  
Age, years 32.7 ± 10.3 30.4 ± 8.4 36.4 ± 12.9 0.349
BMI, kg/m2 26.7 ± 5.4 26.8 ± 5.8 25.2 ± 5.3 0.572

Data are presented as mean ± standard deviation or number of patients (%).
BMI, body mass index.
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Table 2. A ssessment of Ankle Osteoarthritis in Patients With Achondroplasia Aged <40 Years in the Surgical and Nonsurgical 
Groups.

Total  
(174 ankles)

Surgical group  
(64 ankles)

Nonsurgical group  
(110 ankles) P

Van Dijk score 0.527
  0 153 (88) 54 (84) 99 (90)  
 I  17 (10) 8 (13) 9 (8)  
 II  4 (2) 2 (3) 2 (2)  
 III  0 (0) 0 (0) 0 (0)  
K-L scale 0.419
  0 136 (78) 46 (72) 90 (82)  
  1 22 (13) 11 (17) 11 (10)  
  2 12 (7) 5 (8) 7 (6)  
  3 4 (2) 2 (3) 2 (2)  
  4 0 (0) 0 (0) 0 (0)  

Data are presented as number of patients (%). K-L, Kellgren and Lawrence.

Table 3. A ssessment of Ankle Osteoarthritis in Patients With Achondroplasia Aged ≥40 Years in the Surgical and Nonsurgical 
Groups.

Total  
(94 ankles)

Surgical group  
(20 ankles)

Nonsurgical group
(74 ankles) P

Van Dijk score 0.270
  0 67 (71) 12 (60) 55 (74)  
 I  23 (25) 7 (35) 16 (22)  
 II  2 (2) 1 (5) 1 (1)  
 III  2 (2) 0 (0) 2 (3)  
K-L scale 0.201
  0 54 (58) 8 (40) 46 (62)  
  1 16 (17) 4 (20) 12 (16)  
  2 20 (21) 7 (35) 13 (18)  
  3 2 (2) 1 (5) 1 (1)  
  4 2 (2) 0 (0) 2 (3)  

Data are presented as number of patients (%).
K-L, Kellgren and Lawrence.

osteoarthritis did not differ between the 2 groups (Table 3). 
The kappa coefficient was 0.522 (moderate reliability) for 
the Van Dijk Osteoarthritis scale and 0.326 (fair reliability) 
for the K-L scale. Body mass index (BMI) did not show any 
correlation with the degree of ankle osteoarthritis in 
achondroplasia.

Lower Limb Alignment

A comparison of lower limb alignment between the surgical 
and nonsurgical groups revealed significant differences in 
LDTA and MAD, with both showing P < 0.001. Alignment 
values in the surgical group were closer to normal ranges, 
reflecting the effect of surgical correction (Table 4). The 
ICC values of MAD, LDTA, ADTA, and TTA were 0.882, 
0.906, 0.891, and 0.926, respectively, indicating good to 
excellent reliability.

Correlation Between the Lower Limb Alignment 
and Ankle Osteoarthritis

The TTA was the only radiographic parameter that exhib-
ited a statistically significant correlation with the degree of 
ankle osteoarthritis, consistent across all age groups and 
grading systems for ankle osteoarthritis (Van Dijk 
Osteoarthritis score, rs = 0.403, P < 0.001, modified K-L 
grade, rs = 0.385, P < 0.001) (Fig. 3 and Table 5).

Discussion

Achondroplasia presents as severe malalignment of the 
ankle joint; however, its impact on the development of 
ankle osteoarthritis has not been extensively studied. To 
address this issue, we performed a retrospective cohort 
study to investigate the prevalence of ankle osteoarthritis 
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and identify radiographic parameters that correlated with 
the progression of ankle osteoarthritis. The primary finding 
of this study indicated that the prevalence of ankle osteoar-
thritis in patients with achondroplasia was 29%, with 0.8% 

of patients developing advanced ankle osteoarthritis. The 
TTA demonstrated a significant correlation with ankle 
osteoarthritis, which appeared to progress as the absolute 
TTA value increased. These results emphasize 

Table 4.  Comparison of Lower Limb Alignment Between Patients With Achondroplasia in the Surgical And Nonsurgical Groups.

Total  
(268 ankles)

Surgical group  
(84 ankles)

Nonsurgical group  
(184 ankles) P

MAD, cm 17.3 ± 19.6 8.1 ± 14.8 21.6 ± 20.0 <0.001
LDTA, ° 103.9 ± 11.5 93.9 ± 124 108.4 ± 7.4 <0.001
ADTA, ° 84.8 ± 7.8 83.5 ± 11.1 85.4 ± 5.8 0.076
TTA, ° 1.3 ± 1.8 1.4 ± 1.9 1.3 ± 1.8 0.554

Data are presented as mean ± standard deviation. The results in bold are considered statistically significant (P < 0.05).
MAD, mechanical axis deviation; LDTA, lateral distal tibial angle; ADTA, anterior distal tibial angle; TTA, talar tilt angle.

Figure 3.  Violin plot illustrating the relationship between talar tilting angle and ankle osteoarthritis in achondroplasia patients: (A) 
Van Dijk Osteoarthritis Score and (B) modified Kellgren and Lawrence scale.

Table 5.  Correlation Between Lower Limb Alignment and Ankle Osteoarthritis in Patients With Achondroplasia.

MAD LDTA ADTA TTA

Age <40 years (174 ankles)
  Van Dijk scale rs = –0.152

P = 0.145
rs = 0.062
P = 0.550

rs = 0.074
P = 0.508

rs = 0.510
P < 0.001

  K-L scale rs = –0.168
P = 0.105

rs = 0.082
P = 0.431

rs = 0.102
P = 0.363

rs = 0.515
P < 0.001

Age ≥40 years (94 ankles)
  Van Dijk scale rs = 0.077

P = 0.315
rs = 0.042
P = 0.583

rs = 0.072
P = 0.371

rs = 0.306
P < 0.001

  K-L scale rs = 0.115
P = 0.129

rs = 0.046
P = 0.550

rs = 0.098
rs = 0.226

rs = 0.252
P = 0.001

The results in bold are considered statistically significant (P < 0.05).
MAD, mechanical axis deviation; LDTA, lateral distal tibial angle; ADTA, anterior distal tibial angle; TTA, talar tilt angle; K-L, Kellgren and Lawrence.
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the importance of careful monitoring of patients with 
achondroplasia, particularly those with nonparallel tibiota-
lar articular surfaces, because they are more likely to 
develop advanced ankle osteoarthritis.

According to the recent systematic review, 8.8% of the 
normal older adult population showed radiographic signs of 
ankle osteoarthritis and 1.9% showed advanced ankle 
osteoarthritis that represented severe joint space narrow-
ing.26 In this study, 42% of patients with achondroplasia 
aged ≥40 years exhibited radiographic signs of ankle osteo-
arthritis. However, the prevalence of advanced ankle osteo-
arthritis in achondroplasia aged ≥40 years was only 2.0%, 
which was comparable to that of the normal population. 
These findings indicate that although patients with achon-
droplasia are more susceptible to ankle osteoarthritis than 
normal older adults, the likelihood of developing advanced 
ankle osteoarthritis is not higher. We believe that these find-
ings support the previous view that achondroplasia does not 
significantly increase the risk of developing advanced 
osteoarthritis, and that osteoarthritis is, therefore, not a 
major concern for the population of patients with 
achondroplasia.3,7

In the present study, TTA was the only radiographic 
parameter that demonstrated a significant correlation with 
ankle osteoarthritis. The TTA represents the parallelism of 
the tibiotalar articular surface, and it increases when there 
is a ligament imbalance around the ankle joint. These find-
ings indicate that joint space integrity, rather than skeletal 
deformities, such as tibial bowing or varus, is a major con-
tributing factor to the development of ankle osteoarthritis 
in achondroplasia. In fact, in the comparison between the 
surgical and nonsurgical groups, no significant difference 
in the degree of ankle osteoarthritis was observed between 
the 2 groups, even though MAD, LDTA, and ADTA 
improved after lower limb correction surgery. Previous 
studies have also highlighted that increased TTA is a risk 
factor for ankle osteoarthritis.27,28 Therefore, our findings 
emphasize the importance of ankle ligament balance and 
suggest proactive correction through ligament surgery in 
cases where ligament imbalances with nonparallel tibiota-
lar articular surfaces are present in the ankles of patients 
with achondroplasia.29,30

The strengths of this study lie in the facts that a large 
number of patients were included, the degree of osteoar-
thritis was objectively assessed using radiographic param-
eters, and the study focused on a broad range of deformities 
in both the surgical and nonsurgical groups. However, this 
study has several limitations. First, the modified K-L scale 
used to assess ankle osteoarthritis was originally formu-
lated for the varus ankle joint and may not fully capture all 
ankle deformities such as valgus ankle joints, observed in 
some of our study patients. This may be the reason for the 

low kappa coefficient of the modified K-L scale. To com-
pensate for this, the Van Dijk Osteoarthritis scale was also 
used; however, the low reliability of the modified K-L 
scale is considered a limitation of this study. Second, in 
the surgical group, the mean postoperative follow-up 
period was 8.7 years, which may not be adequate in deter-
mining whether the improved radiographic parameters 
influenced the progression of ankle osteoarthritis or not. 
Given that most patients were in their 30s or younger at 
the time of surgical intervention, it could be argued that a 
longer follow-up period was necessary. Third, we investi-
gated the prevalence of ankle osteoarthritis by categoriz-
ing the study population based on the age of 40. This was 
decided upon on the basis of a previous report on trends in 
the incidence and prevalence of osteoarthritis.31 However, 
this age standard may be relatively young. Although the 
average life span of patients with achondroplasia is 
approximately 10 years less than that of the general popu-
lation,32,33 additional analysis targeting older age groups 
such as those in their 60s or 70s is necessary. Unfortunately, 
the small sample size of elderly patients in this study 
restricted this analysis. To address this limitation, we plan 
to conduct a long-term follow-up of the study cohort to 
assess outcomes over extended postoperative periods and 
into advanced age.

Conclusion

Patients with achondroplasia are prone to ankle osteoarthri-
tis; however, the likelihood of developing advanced ankle 
osteoarthritis does not appear to be higher than in the gen-
eral population. Our study found a significant association 
between TTA values and ankle osteoarthritis, emphasizing 
the importance of recognizing osteoarthritis in achondro-
plasia, especially in cases with a nonparallel tibiotalar artic-
ular surface. These findings may inform future research on 
clinical management and joint preservation strategies in this 
population.
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