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Abstract
Background: Minimally invasive or percutaneous surgery (MIS) for hallux valgus correction has seen increased adoption 
because of a growing evidence base of positive clinical and radiographic outcomes following surgery. However, no 
standardized or validated radiographic classification exists to evaluate the first metatarsal osteotomy healing following MIS 
hallux valgus surgery. The aim was to develop a new radiographic classification system for assessing bone healing following 
MIS distal transverse osteotomy for hallux valgus.
Methods: A 4-domain radiographic classification system based on callus formation, anteroposterior (AP) osteotomy line, 
lateral osteotomy line, and remodeling for MIS osteotomy healing was developed and tested on a cohort of 27 feet that 
underwent percutaneous transverse osteotomy for hallux valgus correction. Patients had simultaneous postoperative 
weightbearing computed tomography (WBCT) and standard radiographs following surgery. Five surgeons reviewed 
anonymized radiographs to evaluate interobserver reliability. WBCT was used to confirm union status and classification 
interpretation.
Results: The classification system demonstrated substantial interobserver reliability for lateral osteotomy line (Fleiss 
kappa = 0.671, 95% CI 0.505-0.814) and AP osteotomy line assessment (Fleiss kappa = 0.664, 95% CI 0.459-0.811), with 
moderate agreement for callus formation (κ = 0.465) and remodeling (κ = 0.439). The classification showed strong 
correlation with WBCT findings, with an optimal threshold of 8 points identified to differentiate union from nonunion, 
achieving an overall classification accuracy of 85.2%. This finding was supported by the area under the receiver operating 
characteristic (ROC) curve of 0.832. At the optimal threshold, the classification demonstrated 90.0% sensitivity and 71.4% 
specificity for detecting union.
Conclusion: This preliminary classification provides a reliable tool for assessing first metatarsal bone healing following 
MIS hallux valgus osteotomies, with substantial interobserver reliability. It offers a standardized approach for radiographic 
evaluation, which may enhance comparability across studies and serve as a radiographic research tool pending further 
validation. Its clinical applicability remains to be determined.

Level of Evidence: Level III, diagnostic study.

Keywords: hallux valgus, minimally invasive surgery, percutaneous osteotomy, bone healing, radiographic assessment, 
interobserver reliability, reliability, weightbearing CT, ROC curve, classification system
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Introduction

Minimally invasive surgery (MIS) or percutaneous surgery 
for hallux valgus (HV) deformity correction has gained sig-
nificant popularity in recent years because of growing evi-
dence demonstrating positive improvement in clinical and 
radiologic outcomes.1,9,13,18,20,26 One of the key component 
stages in fourth generation percutaneous hallux valgus 
deformity correction is the percutaneous transverse osteot-
omy and large metatarsal head shift in order to correct the 
intermetatarsal angle and reduce the 1-2 intermetatarsal 
space.18 This leads to a characteristic pattern of remodeling 
as the osteotomy heals and remodeling (Figure 1). Firstly, 
there is central healing followed by medial and lastly lateral 
bone formation. On the lateral view, the osteotomy unites 
from the dorsal side to the plantar side. Typically, patients 
are restricted from high-risk activities such as running and 
jumping until bony union is achieved.28

There is currently no validated radiographic criteria for 
assessing healing patterns and no universal agreement on 
what constitutes radiographic bony union in the context of 
MIS hallux valgus surgery. Traditional radiologic markers of 
bone healing, such as callus formation and cortical continu-
ity, can be difficult to interpret in MIS because of altered 
healing patterns and remodeling compared with traditional 
open osteotomy techniques.30 Currently, there is little pub-
lished regarding osteotomy healing following percutaneous 
hallux valgus correction and no validated classification. 
Blitz et al evaluated 172 feet with mean 8-month follow-up 
and described the lateral cortical remodeling following 
MIS.3 Spacek et al34 noted in a cadaveric study that the lat-
eral pyramidal space is contained, which may explain the 
pattern of remodeling visualized in this region. The lack of 
standardized assessment tool for osteotomy healing means 
there is potential for considerable variability in assessment 
and documentation of radiographic healing following mini-
mally invasive hallux valgus procedures. This is particularly 
relevant in cases of suspected delayed union or discrepancy 
between radiologic healing and clinical symptoms.

Studies investigating the definition of fracture healing 
have found a lack of consensus in the current orthopaedic 
literature.5 Without valid and reliable clinical or radiographic 

measures of union, the interpretation of studies reporting 
bony union remains difficult. There is a need to develop 
standardized and validated criteria for radiographic bone 
healing following percutaneous HV surgery to provide phy-
sicians and researchers with reproducible and reliable infor-
mation. This can guide surgeons advising patients with 
regard to return to activity, particularly when there are con-
cerns over delayed or nonunion as well as draw comparison 
with other studies of percutaneous techniques.

Aims

This preliminary study aims to evaluate the interobserver 
reliability in assessing bone healing following a percutane-
ous transverse osteotomy for hallux valgus surgery and 
compare this classification by comparison to weightbearing 
computed tomography (WBCT).

Methods

Development of Classification

We performed a scoping literature search to identify exist-
ing osteotomy or fracture healing classifications.3-5,11,16,23,25,35 
We then modified this to create a new classification that 
reflected the specific pattern of osteotomy healing based on 
plain radiographs that has been observed following percuta-
neous transverse metatarsal osteotomy as shown in Table 1, 
Figures 1 and 2. The classification consists of 4 domains 
(callus formation, visibility of anteroposterior [AP] and lat-
eral osteotomy lines, and remodeling). Each domain had 4 
grades, assigned a score of 0-3. A total score for each case 
could be generated through summation of the individual 
domain scores. The maximum possible score was 12.

Study Design

This is a preliminary observational analysis designed to evalu-
ate the interobserver reliability of our proposed classification 
of osteotomy healing following percutaneous transverse oste-
otomy for hallux valgus correction (Percutaneous Osteotomy 
Healing Score [PERC-OS]). This study was reported in line 
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Figure 1.  Stages of healing and pattern of remodeling following percutaneous hallux valgus surgery using a distal extra-articular 
transverse osteotomy.
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Table 1.  Classification and Scoring Guide for Percutaneous Osteotomy Healing on Radiographs: The Percutaneous Osteotomy 
Healing Score.

Score Callus Formation
Osteotomy Line

(AP XR)
Osteotomy Line 

(Lateral XR) Remodelinga
Total 
Score

Stage of 
Union

3 Homogenous Not visible Not visible Lateral, medial, 
and central

Calculate total 
score by adding 
up the score for 
each column

≥8 Achieved

2 Massive- bone 
trabeculae-crossing 
osteotomy

Faintly visible—
indistinct

Faintly visible—
indistinct

Medial and 
central

1 Apparent: Bridging of 
osteotomy site

Discernible Dorsal 
osteotomy 
line visible

Central only 6-8 Uncertain

0 No callus seen Clearly visible Clearly visible None <6 Nonunion
Extensive 

hypertrophic

Abbreviations: AP, anteroposterior; XR, radiograph.
aRemodeling based relative to the medial and lateral cortex of the proximal first metatarsal fragment. Lateral: bone formation and remodeling lateral to 
the proximal screw; central: bone formation and remodeling between the proximal and distal screw; medial: bone formation and remodeling medial to 
the distal screw.

with the Guidelines for Reporting Reliability and Agreement 
Studies (GRRAS).14 This study was not designed to assess the 
time taken for union to occur or the impact of osteotomy con-
figuration on rate of osteotomy healing.

We planned to validate the accuracy of the classification by 
comparing the classification outcome of radiographic union 
or nonunion based on plain radiographs by comparing against 
WBCT imaging performed at the same time as the radio-
graphs (Figure 3). We hypothesized that if the classification 
was valid then predicted union on plain radiographs would 

correlate with union on WBCT imaging. All WBCTs were 
reviewed by a single consultant radiologist, with radiologic 
union defined as follows:

1.	 Cortical continuity in at least 3 of 4 cortices (medial, 
lateral, dorsal, and plantar) with bridging bone visi-
ble on multiplanar reconstructions

2.	 Trabecular bone crossing the osteotomy site in at 
least 50% of the cross-sectional area

Figure 2.  Illustrated anteroposterior and lateral radiographs highlighting key radiographic features of the percutaneous osteotomy 
healing classification including medial, central, and lateral remodeling zones and the presence of visible osteotomy lines.
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We purposefully identified patients with imaging at various 
postoperative time points to capture a range of healing 
stages, with some at early time points when radiographic 
union would not be expected and others at later time points 
when complete healing would be anticipated. It is important 
to note that our use of the terms “union” and “nonunion” in 
this study refers specifically to the radiographic appearance 
at the time of imaging acquisition rather than the clinical 
definition of nonunion (traditionally defined as absence of 
healing after 6 months). We have deliberately chosen this 
terminology to evaluate the classification’s ability to distin-
guish between radiographically united and nonunited oste-
otomies at any given time point, rather than making a 
clinical determination of pathologic nonunion.

Each surgeon assessed a series of cases with standard 
weightbearing AP and lateral radiographs using an online 
platform for image distribution and evaluation. The images 
were anonymized to maintain confidentiality and ensure 
unbiased assessments. The WBCT scans were performed at 
a single institution, using consistent imaging protocols to 
assess bone healing.

Setting and Rater Population

The study was conducted across multiple centers, with sur-
geons based in Europe, America, and Australia. We purpose-
fully recruited surgeons including both experienced and 
inexperienced minimally invasive surgery practitioners, to 

Figure 3.  Flowchart demonstrating the methodology of the study.
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participate in the image review process to enhance the valid-
ity and generalizability of our classification.

Study Population

We identified consecutive patients diagnosed with symp-
tomatic hallux valgus who had exhausted conservative 
treatment and underwent fourth-generation percutaneous 
hallux valgus deformity correction using a transverse 
osteotomy between July 2022 and September 2023. 
Patients who had undergone simultaneous postoperative 
WBCT and plain radiographs at some point in the post-
operative period as part of routine care were retrospec-
tively selected from a research database. Exclusion 
criteria were adolescent patients (age ≤ 17 years), history 
of prior forefoot surgery, peripheral neuropathy, and 
patients with incomplete clinical and radiographic data. 
The studied cohort consisted of 27 feet from 18 patients. 
Demographic data including age, sex, laterality, and 
union status (from WBCT) was also collected (Table 2). 
The mean radiographic follow-up was 0.66 ± 0.31 years 
(0.16-1.38), and 74.1% of feet demonstrated radiographic 
union on WBCT.

Variables

The primary variables assessed in this study were the 4 
radiographic markers of bone healing, as defined in our 
classification system. These variables were used to evaluate 
union at the osteotomy site and included callus formation, 
cortical continuity, trabecular bridging, and remodeling. 
The primary outcome was the interobserver reliability and 
correlation with bony union.

Data Sources and Measurement

The scans were evaluated using the proposed 4-domain 
classification system explicitly developed for radiographic 
assessment of healing following MIS hallux valgus correc-
tion. Each surgeon independently reviewed the 27 cases. 
The interobserver reliability was determined by comparing 
the ratings across all surgeons. The mean classification 
score for each case was compared to the WBCT assessment 
of radiologic union to assess validity. Radiographic union 
on WBCT was based on an independent consultant radiolo-
gist assessment of the scan.

Bias

To reduce bias, the surgeons received standardized training 
on the classification system prior to the image review. 
Furthermore, the scans were anonymized before distribution 

to the surgeons. Each surgeon was masked to the other sur-
geons grading of each scan and also the WBCT results.

Study Size

We reviewed the literature investigating the interobserver 
reliability of osteotomy/fracture healing classifications to 
guide a sample size calculation. Sample size calculation 
determined that 27 cases and 5 raters would provide 80% 
power to detect a difference between moderate agreement 
(κ = 0.40) and substantial agreement (κ = 0.75), with 
α = 0.05. These thresholds were selected a priori based on 
established criteria for meaningful improvements in inter-
rater reliability.33 This is the first study to evaluate this 
novel classification system for bone healing following per-
cutaneous transverse osteotomy in hallux valgus surgery; 
there were no previous studies on which to base our power 
calculation. Our sample size was determined based on 
healing of other distal extremity fractures. Recognizing the 
limitations of sample size in reliability studies, we specifi-
cally included WBCT comparison to provide additional 
objective evidence of bony radiographic union for the clas-
sification system’s validity.

Statistical Methods

Statistical analysis was performed using the SciPy. Continuous 
and categorical data were reported with descriptive statistics. 
Fleiss kappa analysis with 95% CIs was used to assess the 
interobserver reliability between observers.8,10 The Landis 
and Koch criteria were used to judge interobserver reliability: 
0.00-0.20, poor agreement; 0.21-0.40, fair; 0.41-0.60, moder-
ate; 0.61-0.80, good; and 0.81-1.00, very good.15

To assess the validity of our classification system, we 
performed a comparative analysis using computed tomog-
raphy (ie, WBCT) as the gold standard. The WBCT scans 
were used to definitively categorize each case as either 
“united” or “not united.” We then applied our classifica-
tion scoring system to the corresponding radiographs. 
Using logistic regression, we analyzed the relationship 
between radiographic classification scores and the binary 
WBCT-determined radiographic union status. We gener-
ated a receiver operating characteristic (ROC) curve to 
evaluate the classification system’s diagnostic accuracy 
and determine the optimal score threshold for predicting 
radiographic union.

Results

In September and October 2024, 5 surgeons of a range of 
experience levels (3 consultant, 1 fellow, and 1 trainee) 
reviewed and completed radiographic assessment of the 
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study population using the classification. Patient demo-
graphics are shown in Table 2.

Primary Outcome

The primary outcome was the interrater reliability of our 
classification system using Fleiss kappa coefficient across 
the 4 radiographic domains in this classification. There was 
substantial agreement between observers in assessment of 
the lateral osteotomy line (κ = 0.671, 95% CI 0.505-0.814) 
and AP osteotomy line (κ = 0.664, 95% CI 0.459-0.811).15 
There was moderate agreement in the callus formation 
domain (κ = 0.465, 95% CI 0.281-0.602), and remodeling 
domain (κ = 0.439, 95% CI 0.234-0.612).

Table 3 demonstrates the summarized cell counts by 
domain.

Preliminary Validation and Correlation of 
Classification Threshold With Bony Union

The classification of union outcomes was compared 
against WBCT imaging, which served as the reference 
standard for confirming the true union status of each case. 
ROC curve analysis of the combined scoring system dem-
onstrated good discriminative ability with an AUC of 
0.832. Using Youden index, an optimal threshold score of 

Table 2.  Patient Demographics.

Characteristic Value

Age, mean ± SD (range) 60.0 ± 11.3 (39.7-81.2)
Male, n 1
Female, n 17
Left, n 14
Right, n 13
Total cases (patients), n 27 (18)
Union, n (%) 20 (74.1)
Nonunion, n (%) 7 (25.9)

Table 3.  Summarized Cell Counts by Domain for a 
Classification of First Metatarsal Osteotomy Healing Following 
Minimally Invasive Hallux Valgus Surgery.

Score

Callus 
Formation, 

n (%)

Osteotomy 
Line (AP 

XR), n (%)

Osteotomy 
Line (Lateral 
XR), n (%)

Remodeling, 
n (%)

3 71 (52.6) 83 (61.5) 59 (43.7) 72 (53.3)
2 38 (28.1) 37 (27.4) 33 (24.4) 45 (33.3)
1 18 (13.3) 9 (6.7) 25 (18.5) 12 (8.9)
0 8 (5.9) 6 (4.4) 18 (13.3) 6 (4.4)

Abbreviations: AP, anteroposterior; XR, radiograph.

8 was identified to balance sensitivity and specificity. At 
this threshold, a 2 × 2 contingency table (Table 4) achieved 
a sensitivity of 90.0% and specificity of 71.4% with an 
overall accuracy of 85.2%. The positive predictive value 
was 75.9% and the negative predictive value was 87.7%. 
The F1 score was 90.0%.

When analyzed individually, all 4 radiographic parame-
ters demonstrated fair discriminative ability with AUC val-
ues ranging from 0.746 to 0.786 (Figure 4). Using an optimal 
threshold of 2, the parameters showed varying sensitivity and 
specificity patterns. The AP osteotomy line demonstrated the 
highest sensitivity (95.0%) but lowest specificity (42.9%), 
whereas the lateral osteotomy line showed the highest speci-
ficity (85.7%) with lower sensitivity (60.0%). Callus forma-
tion and remodeling showed more balanced diagnostic 
performance characteristics, with accuracies ranging from 
74.1% to 81.5%. Detailed ROC analysis metrics for each 
parameter are presented in Figure 4.

Further analysis of scoring thresholds revealed clinically 
relevant decision points that enable a practical approach to 
assessing healing status. Scores below 6 demonstrated per-
fect sensitivity (1.000) and reasonable specificity (0.429) 
for identifying nonunion, suggesting that patients below 
this threshold warrant careful monitoring and potential 
intervention. Scores between 6 and 8 represent an indeter-
minate zone where union status is unclear and continued 
protection with close radiographic follow-up is advised. 
Scores above 8 showed optimal discriminative ability for 
union (sensitivity 90.0%, specificity 71.4%), indicating that 
patients above this threshold can be considered to have 
achieved satisfactory radiographic healing suitable for pro-
gressive rehabilitation.

Discussion

This study presents a new preliminary classification system 
that may have some validity for assessing the healing of first 
metatarsal osteotomies following percutaneous hallux val-
gus correction, demonstrating substantial interobserver reli-
ability and preliminary validation against WBCT. The kappa 
scores observed in our analysis and correlation with bony 
union as assessed on WBCT suggest this classification is 
generalizable with external validity. This classification 

Table 4.  Contingency Table Based on Classification Threshold 
of 8 to Identify Bony Union.

Classification 
Outcome (Score >8)

Union Confirmed 
on WBCT

Nonunion Confirmed 
on WBCT

Union achieved 18 2
Union not achieved 2 5

Abbreviation: WBCT, weightbearing computed tomography.
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provides a reliable framework for monitoring the progress of 
first metatarsal osteotomy healing, offering structured radio-
graphic insights that may complement clinical decision 
making. However, its utility in guiding patient management 
remains unproven and requires further validation. This 3-tier 
approach as shown in Figure 5 with scores <6 indicating 
likely nonunion, 6-8 indicating unclear union status, and >8 
indicating likely union provides clinicians with a framework 
for radiographic assessment while acknowledging the con-
tinuous nature of the healing process.

Our findings demonstrate that this radiographic classifi-
cation system for osteotomy healing achieves substantial 
interobserver reliability for osteotomy line assessment 
(κ > 0.66 for both AP and lateral views) while maintaining 
moderate reliability for the more subjective parameters of 
callus formation and remodeling (κ = 0.465 and 0.439, 
respectively). This gradient of reliability across different 
domains aligns with previous studies of fracture healing 
classification systems, where more objective parameters 
typically show higher reliability than those requiring quali-
tative judgement.2 The system’s overall diagnostic accuracy 
of 85.2% against WBCT, with a positive predictive value of 
75.9% and negative predictive value of 87.7%, suggests it 
provides clinically meaningful guidance for healing assess-
ment. Particularly noteworthy is the high sensitivity (90.0%) 
at the optimal threshold score of 8, indicating the system’s 
strong ability to identify true radiographic unions while 
maintaining acceptable specificity (71.4%) to avoid miss-
ing nonunions. The high negative predictive value (87.7%) 
suggests that surgeons can use this system to identify cases 
requiring continued monitoring or intervention. The thresh-
old score of 8 may offer a reference point for radiographic 

assessment of healing, though its use in guiding weight-
bearing or return to activities requires further clinical vali-
dation. Furthermore, the system’s objective nature using 
multiple domains makes it useful for longitudinal monitor-
ing of healing progression.

Remodeling of the osteotomy site generally follows a 
predictable course as highlighted in Figure 1 though the 
specific factors influencing the rate and pattern of healing 
remain unclear. A recent study on the pyramidal space sur-
rounding the lateral osteotomy site found that this is a con-
tained area.34 We hypothesize that this enclosed space 
contains bone swarf, cells, and other inflammatory media-
tors that promote lateral cortical remodeling. The remodel-
ing process is not limited to lateral remodeling, with one 
study reporting long-term radiographic outcomes reporting 
that metalwork prominence secondary to medial remodel-
ing and resorption can be an issue.21 Further work on under-
standing first metatarsal remodeling is needed. High-volume 
surgeons will inevitably encounter cases such as those 
shown in Figure 6 where, despite bony union, lateral, cen-
tral, or medial remodeling fails to occur, leading to union of 
<25% of the MT neck width. We call this the “Filament-
Union” sign characterized by bony union <25% of metatar-
sal neck with absent or minimal central, medial, and lateral 
bony remodeling to reflect the thin bony union bridge.22

Blitz et al3 also noted this phenomenon in their study of 
172 feet whereby they classified bone healing into 3 types of 
lateral remodeling. These cases where lateral modeling fails 
to occur are of particular concern because of the (presum-
ably) increased risk of fracture or metalwork failure due to 
poor bony consolidation. Several factors may explain this 
phenomenon, including the fixation technique, number of 

Figure 4.  Receiver operating characteristic (ROC) analysis of osteotomy healing classification system. (Left) Individual domain ROC 
curves demonstrating varying diagnostic performance. (Right) Combined score ROC curve showing improved diagnostic performance 
with an optimal score threshold of 8.00. Diagonal reference lines represent random chance (area under the curve = 0.5).
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screws used (1-screw vs 2-screw fixation19), bone density,6,27 
and patient factors and comorbidities. It is hypothesized that 
reduced mechanical stability, as seen with single-screw or 
intramedullary fixation, may impact callus formation per 
Wolff law. However, clinical studies focusing 1 screw vs 2 
screws have so far not shown any difference in union rates.3,12 

The role of fixation and union/remodeling should certainly 
be further investigated as there are numerous studies using 
first- (no metal fixation) or second-generation (Kirschner-
wire fixation) techniques that do not report high levels of 
nonunion (although loss of position is certainly higher with 
less rigid fixation).7 Other factors that could hypothetically 

Figure 5.  Summary of preliminary classification osteotomy healing score and score implications.
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affect bone healing and subsequent remodeling include ther-
mal injury from the burr,31,32 tourniquet usage,17 and osteot-
omy location, configuration, and percentage head shift.24 
Reports of nonunion following percutaneous hallux valgus 
correction are generally rare, with systematic reviews and 
large clinical studies indicating consistently low rates of non-
union regardless of osteotomy technique.1,9,13,20,21,26,29,36 
These potential explanations warrant further investigation 
and could help guide future modifications to surgical tech-
nique or postoperative management.

The strengths of this study include the use of multiple 
independent observers with varying degrees of experience 
to assess interobserver reliability, and the use of WBCT to 
confirm union helps validate the generalizability of our 
study. However, there are important limitations to acknowl-
edge, of which the most important is the lack of intraob-
server validation of this classification. We were also unable 
to perform clinical assessment and correlate the clinical and 
radiologic findings of this classification. Pain on weight-
bearing is a well-recognized indication of incomplete bony 
union that is not accounted for with our classification. We 

purposefully chose to exclude this because of the subjective 
nature of pain and high risk of reporting or response bias. 
Second, radiographic signs of bony healing may lag behind 
the actual functional recovery of patients, which may affect 
the interpretation of the correlation between radiologic and 
clinical outcomes. The sample size calculation was limited 
by the novel nature of this classification system, with no 
previous studies available for reference. Our sample size, 
although meeting minimal requirements for statistical 
power, is modest and was limited by the number of patients 
undergoing simultaneous WBCT and radiographs. 
However, the study may have been underpowered to detect 
the predetermined difference between moderate (κ = 0.40) 
and substantial agreement (κ = 0.75), as evidenced by wide 
CIs and kappa values that failed to reach the target effect 
size. As such, these findings warrant further validation in a 
larger, independent cohort. Additional limitations include 
the fact each WBCT was read by only 1 observer without 
testing the interobserver reliability of this reference stan-
dard. We treated each osteotomy as an independent case, 
which may not fully account for within-subject correlation 
in bilateral cases and the uneven distribution of scores could 
affect the kappa statistics’ stability and interpretation. 
Notably, our population had a high proportion of female 
patients, and the union-skewed population may limit the 
generalizability and robustness of the findings, which 
should be taken into account when interpreting the results. 
Furthermore, our assumption that the classification can be 
applied at any postoperative time point lacks empirical vali-
dation across a full healing timeline, and future studies 
should assess its reliability at specific postoperative inter-
vals. We wish to emphasize that all references to “union” in 
this study denote radiographic union only, and do not imply 
clinical or functional union, or clinical outcomes. A signifi-
cant limitation is that radiographic signs of ossification may 
not directly correlate with the mechanical stability or clini-
cal resistance of the healing bone. This potential disconnect 
between imaging findings and functional outcomes should 
be tested in future studies through biomechanical testing 
and correlation with clinical outcomes to determine if radio-
graphic union truly reflects functional stability.

Conclusion

This preliminary study reports a classification system for 
assessment of union following a percutaneous transverse dis-
tal osteotomy for hallux valgus. This system may aid research-
ers in standardizing the radiographic assessment of bone 
healing following MIS osteotomy. Its clinical role remains 

investigational and awaits further prospective validation.

Figure 6.  Plain radiograph of a 55-year-old woman taken 
12 months following percutaneous hallux valgus surgery 
demonstrating bony union with absent medial or lateral 
remodeling. The patient was clinically asymptomatic.
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