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Ab s t r Ac t
Background: Bone-lengthening nails result in various complications with different severity and origin. However, no universal reporting system 
for complications has been agreed upon, making it difficult to compare different nail designs and patient populations. This study aimed to 
assess the inter- and intra-rater agreement of a classification system of complications according to severity and origin.
Materials and methods: Four orthopaedic surgeons assessed 48 complications retrieved from patient charts in a single-centre cohort and 49 
literature complications cases. Complications were classified according to severity grading (I, II, IIIA and IIIB) from Black et al. and origin with 
eight main types and 33 subtypes. A blinded independent assessment was performed twice at least six weeks apart. Cohen/Congers kappa 
estimated for the inter- and intra-rater agreement was interpreted after Svanholm et al.
Results: The surgeons had a good inter-rater agreement for complication severity with a kappa value of 0.68 [95% confidence interval (CI): 
0.56–0.79] and complication origin with a kappa value of 0.63 (CI: 0.53–0.73), respectively, on the cohort cases. In literature cases, a good 
agreement on complication severity and origin grading was shown by kappa values of 0.64 (CI: 0.53–0.75) and 0.74 (CI: 0.65–0.83). The intra-
rater assessment of complication severity and origin grading had good to excellent agreement with kappa values ranging from 0.51 to 0.97.
Conclusion and clinical significance: The study presents the first structured complication classification on severity and origin in intramedullary 
bone-lengthening nails. A good reproducibility agreement in both severity and origin was found between four orthopaedic surgeons for both 
cohort and literature complication cases. For clinical and research purposes, a shared language for communicating complications is essential. 
We encourage future studies to use a structured and validated complication classification.
Keywords: Bone-lengthening nail, Bone nails (mesh), FITBONE®, GRAAS, Intraoperative complications (mesh), Observer variation (mesh), 
PRECICE®, Post-operative complications (mesh).
Strategies in Trauma and Limb Reconstruction (2022): 10.5005/jp-journals-10080-1571

In t r o d u c t I o n
Fully implantable intramedullary lengthening nails were developed 
to overcome or reduce the complications and patient discomfort in 
bone-lengthening using conventional external fixators.1 However, 
a systematic review has demonstrated a high rate of complications 
with bone-lengthening nails.2 In a select group of patients operated 
by highly experienced limb lengthening surgeons, 76% of patients 
sustained a complication,3 and complications become even more 
frequent in bone transport nails.4 The severity of complications 
differs substantially from minor complications that can be easily 
handled without additional surgery to very severe complications 
imposing new and permanent sequelae on the patient.2,4 We have 
identified five different ways to report the severity of complications 
with bone-lengthening nails: Four classification systems and one 
descriptive approach.2,5–8 To the best of our knowledge, none 
of the reporting systems have so far been tested for reliability, 
and no gold standard exists. The need for a shared language on 
complications to assess and report the results accurately across 
patients was recently emphasised in the article by Sabharwal.9 We 
believe that the severity grading system by Black et al. is easy to use 
and, at the same time, classifies complications according to clinical 
relevant parameters based on the extent of therapeutic needs 
and their effect on the outcome.8,10 It defines a “complication” as 
an unpredicted undesirable deviation from the treatment plan.8 

Without appropriate intervention, it will lead to failure to achieve 
treatment goals or result in a new pathology.10 Complications are 
categorised into four categories based on severity. The system 
was first reported for patients with external fixation, making it 
possible to compare complications between bone lengthening with 
external fixation and fully implantable nails.8,10 As complications 
arise from many different origins with bone-lengthening nails,2 
it is also essential to classify the origin. None of the classification 
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systems assess the origin of the complication,2,5–8 Therefore, 
we have developed a classification system where the origin is  
categorised into eight main groups and 33 subgroups.2 To allow 
for the comparison of complications, the reliability of the reporting 
system must be known.11 Information about complications can be 
extracted both from patient charts or from cases reported in the 
literature which can be compiled cross studies to gain knowledge 
in some of the highly specialised cases. The study aims to assess 
the inter- and intra-rater agreement of a classification system on 
complication severity grading and origin with bone-lengthening 
nails. The reliability was evaluated in two settings/parts: (a) 
Complications detected from patient charts in an observational 
cohort study and (b) complications retrieved from already published 
articles allocated through systematic literature searches.

MAt e r I A l s A n d Me t h o d s
The study was divided into two settings/parts. The first part is 
composed of cohort cases. Following institutional approval at 
Aalborg University Hospital (AAUH), Denmark, a cohort of 279 
segments (223 patients) treated with bone-lengthening nails at 
the lower extremity was identified in the period between 2005 
and 2021. Two hundred sixty complications were acknowledged 
through the patient charts assessment of the cohort. The main 
author selected 49 complications from the patient charts to 
represent severities and origins (one case was excluded due to a 
double-entry error).

The second part was composed of published literature cases. A 
systematic literature search found 952 articles, and the assessment 
selected 41 papers that contained 782 patients with 332 complications 
(search string and article selection see Frost et al.)2 Forty-nine of 
those complications were selected by the main author representing 
spectrum of severities and origins among the complications. Only 
cases with magnetic PRECICE® (NUVASIVE, San Diego, California, 
USA) and electric FITBONE® (WITTENSTEIN intens GmbH, Igersheim, 
Germany; distributed by Orthofix Medical, Inc., Lewisville, Texas, USA) 
bone-lengthening nails were included, and for both the literature 
and cohort parts, both nail’ types were represented.

A Research Electronic Data Capture (REDCap) database 
managed the cases and ratings. Complication information was 
captured in the REDCap database: For literature cases, the article 
description was copied, and for cohort cases, the relevant charts 
information for scoring complications was copied from the patients’ 
charts in an anonymous form. The raters were presented with the 
exact text from papers or charts in each of the two study parts in 
the database.

A pre-study workshop with the four raters attending was 
established to reach a consensus on the interpretation of the 
classification system. The study background and method were 
introduced in combination with the education of the classification 
system. Seven test-literature cases and five test-cohort cases 
were reviewed at the pre-study workshop. These test-study cases 
were not included in the study. The data collection tool, a redcap 
database, was introduced. A written guideline was agreed upon. 
In general, if the treatment or the outcome of a complication was 
not thoroughly described, we downgraded the severity of the 
complication.

The REDCap data collection instrument was designed with push 
buttons to make the assessment complete. The database had two 
different parts to classify the complication into severity and origin 
from a text box describing the case. All raters were instructed to 
perform the ratings independently, and the rater was blinded for 
other raters’ assessments and their own previous ratings. Ratings 
of all cases were performed twice by all raters at least six weeks 
apart. All cases were randomly switched around between the first 
and second ratings to avoid recall of the ratings due to the order 
of the cases. The raters were informed that their ratings would be 
compared and published before the assessment of the cases.

The raters consisted of two senior orthopaedic surgeons 
specialised in reconstructive surgery: One consultant with 8 years 
of experience in bone lengthening (rater A: MM) and one consultant 
and clinical professor with more than 10 years of experience in 
bone lengthening (rater D: SK). One orthopaedic surgeon with 2 
years of paediatric subspeciality and knowledge of handling bone-
lengthening nail patients (rater B: MF). One orthopaedic surgeon 
with detailed research knowledge of complications with bone-
lengthening nails but without clinical bone-lengthening experience 
(rater C: MWF). The raters’ experience with the severity and origin 
classification Raters D and C had extensive experience with the 
severity and origin classification from a review study.2 Rater A had 
minor experience with severity classification from a small cohort 
study.4 Before the pre-study workshop, rater B had no experience 
with the severity and origin classification.

Complication severity was classified into four categories after 
Black et al.: I, II, IIIA and IIIB.8 The severity classification is presented 
in Table 1. The following complications were defined as type IIIB: 
A deep vein thrombosis, osteomyelitis and joint subluxation/
luxation. The type of complication was categorised into origins 
representing eight main groups (soft tissue, joint, vascular, bone, 
neurological, infection, device related and others) and 33 subgroups 
according to Frost et al.2 The following definitions were applied 

Table 1: Complication severity grade by Black et al.8

Complication severity grade Examples of complications

I Minimal intervention required; treatment goal still achieved. Temporary joint contracture resolved by physiotherapy.  
Temporary failure of nail to lengthen due to suboptimal  
placement of the external transmitter resolved by positioning  
the external transmitter at another site.

II Substantial change in the treatment plan; treatment goal still 
achieved.

Unplanned return to surgery due to delayed consolidation or due 
to a device problem.

IIIA Failure to achieve treatment goal; no new pathology or  
permanent sequelae.

Premature consolidation with aborted lengthening. Inability to 
tolerate lengthening. Fractures of bone regeneration after nail 
removal with shortening after ended treatment.

IIIB Failure to achieve treatment goal and/or new pathology or  
permanent sequelae.

Joint subluxation, joint dislocation, regenerate fracture with  
deformity and deep infection. Thromboembolic complications 
such as deep vein thrombosis.
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when categorising the origin: If no device failure or bone failure 
occurred during treatment, a residual deformity or an intra-articular 
nail protrusion causing joint pathologies were classified into Others/
Surgical. A patient request to stop the lengthening procedure 
without other reason was categorised into Others/Patient. 
Neuralgia was categorised into Neurology/Others. Compartment 
syndrome was categorised into Soft tissue/Others. Pain from a 
locking screw or a subcutaneous receiver in an electric lengthening 
nail was categorised into Device-related/Others.

Statistical Analysis
Data analyses were performed in Stata/MP 15.1 (StataCorp, College 
Station, TX, USA).12 The CIs were given at 95%. The sample size 
was estimated based on 20 literature cases assessed by the two 
raters from the review by Frost et al.2 The inter-rater agreement 
was calculated with the second rating to express the agreement 
between the raters’ assessments for each classification system 
(severity and origin) on both the literature and cohort cases. The 
intra-rater agreement was estimated based on the agreement of 
the group/individual assessment between the first and the second 
ratings of the literature or cohort cases.

Cohen’s kappa and its generalisation (Conger’s kappa) are 
recognised methods to estimate the chance-corrected agreement 
for categorical data.11 The study presents the Cohen/Conger kappa 
estimate and the observed agreement for both inter- and intra-
rater agreements.12,13 The estimated CIs are presented conditioned 
on rates [emphasised with ( ) ], and when possible unconditional 
[emphasised with [ ] ], for generalizability to other groups of raters. 
Estimated kappa values can range from −1, indicating complete 

disagreement (or error in calculations), over 0 (chance agreement) 
to 1, which is complete agreement.11 The calculated kappa values 
of the study were interpreted as the strength of agreement with 
the criteria from Svanholm et al.:11,14 κ ≥ 0.75, excellent; κ = 0.51 to 
0.74, good; and κ ≤ 0.50, poor.

re s u lts

In the cohort cases, the orthopaedic surgeon’s inter-rater kappa 
value agreement was 0.68 (CI: 0.56–0.79) for severity and 0.63  
(CI: 0.53–0.73) for the main origin with subtype classification, 
indicating a good agreement with a CI upper limit of excellent 
agreement. Table 2 presents the inter-rater kappa and observed 
agreement estimates from the cohort study part. Raters C and D had 
the highest agreement grade, whereas raters A and B had the lowest.

An inter-rater kappa value of 0.64 (CI: 0.53–0.75) for severity was 
observed in the literature cases, indicating good agreement. The 
observed agreement and inter-rater kappa values from literature 
cases are presented in Table 3. For the main origin, a kappa value 
of 0.80 [0.67:0.94] for the inter-rater agreement was observed 
corresponding to an excellent agreement with a CI ranging from 
good to excellent agreement. The kappa value for the main 
origin with subtype was 0.74 [CI: 0.64–0.83], corresponding to 
good or excellent agreement. Comparing the severity grading 
of complications between individual raters, we found that 
raters C and D had the highest pairwise inter-rater agreement  
(Tables 2 and 3). A similar pattern was seen for main and 
subtype origin; however, the kappa values were higher for origin 
classification than for severity grading.

Table 2: The inter-rater kappa and observed agreement estimate from the cohort case study part. Conditional 95% CIs are emphasised with ( ). 
Unconditional 95% CIs are emphasised with [ ]. The two raters with the highest and lowest kappa values are highlighted with italics

Cohort part
Inter-rater

Complication severity classification Origin main complication type Origin main- and subtype complication 

Kappa
Observed  

agreement (%) Kappa
Observed  

agreement (%) Kappa
Observed  

agreement (%)

Inter-rater all raters 0.68 (0.56:0.79) 
[0.39:0.97]

78.8 0.74 (0.65:0.85)
[0.55:0.93]

79.2 0.63 (0.53:0.73)
[0.42:0.83]

65.3

Rater A vs B 0.49 (0.30:0.68) 66.7 0.66 (0.50:0.82) 72.9 0.49 (0.33:0.64) 52.1

Rater A vs C 0.74 (0.57:0.91) 83.3 0.69 (0.54:0.84) 75.0 0.58 (0.43:0.72) 60.4

Rater A vs D 0.68 (0.50:0.87) 79.2 0.64 (0.49:0.80) 70.8 0.58 (0.43:0.72) 60.4

Rater B vs C 0.62 (0.45:0.80) 75.0 0.79 (0.66:0.92) 83.3 0.71 (0.57:0.85) 72.9

Rater B vs D 0.60 (0.43:0.77) 72.9 0.77 (0.63:0.90)  81.25 0.64 (0.50:0.79) 66.7

Rater C vs D 0.94 (0.85:1.00) 95.8 0.89 (0.79:1.00) 91.7 0.77 (0.64:0.90) 79.2

Table 3: The inter-rater kappa and observed agreement estimates from the literature cases study part. Conditional 95% CIs are emphasised with 
( ). Unconditional 95% CIs are emphasised with [ ]. The two raters with highest and lowest kappa values are highlighted with italics

Literature part
Inter-rater

Complication severity classification Origin main complication type Origin main- and subtype complication 

Kappa
Observed  

agreement (%) Kappa
Observed  

agreement (%) Kappa
Observed  

agreement (%)

Inter-rater  
all raters

0.64 (0.53:0.75)
[0.45:0.82]

74.2 0.80 (0.72:0.89)
[0.67:0.94)

84.0 0.74 (0.64:0.83)
[0.58:0.89]

75.9

Rater A vs B 0.58 (0.40:0.75) 69.4 0.80 (0.67:0.93) 83.7 0.71(0.58:0.85) 73.5

Rater A vs C 0.58 (0.40:0.75) 69.4 0.80 (0.68:0.93) 83.7 0.73 (0.60:0.87) 75.5

Rater A vs D 0.58 (0.41:0.75) 69.4 0.78 (0.65:0.91) 81.6 0.67 (0.53:0.81) 69.4

Rater B vs C 0.59 (0.41:0.77) 71.4 0.75 (0.61:0.89) 79.6 0.69 (0.55:0.83) 71.4

Rater B vs D 0.68 (0.51:0.85) 77.6 0.72 (0.58:0.87) 77.6 0.69 (0.55:0.83) 71.4

Rater C vs D 0.83 (0.70:0.96) 87.8 0.97 (0.92:1.00) 98.0 0.93 (0.85:1.00) 93.9
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For the cohort cases, the overall intra-rater agreement of 
the four orthopaedic surgeons had kappa values ranging from 
0.70–0.77 on severity and origin with subtype classification, 
corresponding to the good or excellent agreement (Table 4). The 
kappa agreement estimate for rater C was excellent for severity 
and origin classification, and for the other raters, the agreements 
ranged from good to excellent depending on severity and origin 
classification in the cohort study part.

The intra-rater kappa value of the complication severity 
classification, in the literature cases, was 0.78 (CI: 0.70–0.85), 
corresponding to an excellent agreement, with a interval indicating 
good to excellent agreement. Table 5 presents the intra-rater kappa 
values and observed agreement estimates from the literature study 
part. We observed an excellent intra-rater agreement of the main 
origin complication type and excellent or good for the main plus 
subtype origin in the literature cases. Rater C showed excellent 
intra-rater agreement, and the other raters showed from poor to 
excellent intra-rater agreement depending on severity and origin 
classification.

dI s c u s s I o n
To our knowledge, this study is the first to examine the reliability 
of a classification system for reporting on the severity and the 
origin of complications with bone-lengthening nails. The study 
has demonstrated that the severity and the origin complications 
classification had an overall good reliability agreement.

A shared complication classification system is important to 
assess and report the results of bone-lengthening nails accurately 
across patients and studies.9,15 We have previously detected four 
different systems for reporting on the severity of complications 
with bone-lengthening nails.2 In the current study, we examined 
the severity classification proposed by Black et  al.8 We believe 
that this severity classification is simple to use and that it applies a 
clinically relevant definition of a complication being an unpredicted 
undesirable deviation from the treatment plan, which without 

appropriate resolution will lead to a failure to achieve treatment 
goals or to the development of a new pathology.10 Furthermore, 
the grading is based only on the severity of the complications 
without relation to the time point in the treatment. In the literature 
on bone lengthening, Paley’s three-step classification system 
“Problem, Obstacle and Complication” are often used.5 Problems 
and obstacles occur during distraction or consolidation and are 
resolved by the end of the treatment by nonoperative and operative 
matter, respectively.5 A complication can occur from intraoperative 
to the end of treatment and is not resolved at the end of treatment.5 
A minor complication is a delay in treatment or rehabilitation of 
an annoying problem leaving no significant residua, and a major 
complication interferes with achieving the treatment goals.5 Dahl 
et al. also used a three-step classification with minor, serious and 
severe complications.7 Minor was defined as a complication that 
did not affect the outcome and did not require intervention.7 A 
complication that was permanent and minor or transient and 
major was classified as serious.7 A severe complication resulted in 
permanent sequelae or unplanned surgery.7 A simpler classification 
with minor or major complications and true complications was 
used by Dinçyürek et  al.6 The diversity in severity classification 
and their use of time points make a comparison between studies 
using different classification systems challenging. Another 
challenge in comparing complications is the lack of a common 
complication origin grouping. In a recent study by Frommer 
et  al., adjustment of the distraction rate was the most frequent 
complication.3 It was, however, not noted if it was restricted joint 
motion, joint subluxation, pain, premature consolidation, or lack 
of bone regeneration that introduced the rate adjustment.3 In 
the classification of complications, we, therefore, combined the 
complications severity classification with a complications origin 
categorisation to obtain an understanding of complication origin 
impact on complication severity.

Observational cohort studies are predominantly the studies 
designed in the literature of intramedullary bone-lengthening 
nails, and therefore one of this study’s two parts was composed of 

Table 4: The intra-rater kappa and observed agreement estimates from the cohort study part. Kappa estimate with conditional 95% CIs

Cohort part
Intra-rater

Complication severity classification Origin main complication type Origin main- and subtype complication 

Kappa
Observed  

agreement (%) Kappa
Observed  

agreement (%) Kappa
Observed  

agreement (%)

Intra-rater all raters 0.74 (0.66:0.82) 83.3 0.77 (0.69:0.83) 81.3 0.70 (0.63:0.76) 71.9

Rater A 0.65 (0.47:0.84) 77.1 0.61 (0.46:0.78) 68.8 0.55 (0.40:0.70) 58.3

Rater B 0.57 (0.37:0.77) 72.9 0.79 (0.65:0.93) 83.3 0.73 (0.60:0.87) 75.0

Rater C 0.97 (0.90:1.00) 97.9 0.87 (0.76:0.98) 89.6 0.86 (0.76:0.97) 87.5

Rater D 0.77 (0.61:0.90) 85.4 0.79 (0.66:0.93) 83.3 0.64 (0.49:0.78) 66.7

Table 5: The intra-rater kappa and observed agreement estimates from the literature cases study part. Kappa estimate with conditional 95% CIs.

Literature part
Intra-rater

Complication severity classification Origin main complication type Origin main- and subtype complication 

Kappa
Observed 

agreement (%) Kappa
Observed  

agreement (%) Kappa
Observed  

agreement (%)

Intra-rater all 
raters

0.78 (0.70:0.85) 84.2 0.84 (0.78:0.89) 86.7 0.77 (0.71:0.83) 78.6

Rater A 0.71 (0.56:0.87) 79.6 0.73 (0.59:0.87) 77.6 0.65 (0.50:0.79) 67.4

Rater B 0.51 (0.32:0.71) 65.3 0.80 (0.67: 0.93) 83.7 0.72 (0.58:0.85) 73.5

Rater C 0.97 (0.91:1.00) 98.0 0.95 (0.87:1.00) 95.9 0.88 (0.79:0.98) 89.8

Rater D 0.91 (0.82:1.00) 93.9 0.87 (0.77:0.98) 89.8 0.82 (0.70:0.94) 83.7
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cohort complication cases.2 While many articles use a descriptive 
approach to reporting complications, the other part of this study 
comprised literature complications cases for the purpose of 
complication comparison between studies. For the two study parts 
of cohort and literature cases, a good overall inter-rater agreement 
on the main origin with subtype was observed with kappa values 
of 0.63 (CI: 0.53:0.73) and 0.74 (CI: 0.64:0.83), respectively. The 
higher kappa value of the literature cases could reflect that the 
assessment is simpler when a complication has been fitted into a 
published article compared to raw text in patient charts. The main 
and subtype assessment of cohort cases might be improved with 
a more detailed description of the subtypes.

Even though a pre-study workshop with rating training was 
held, and written instruction was provided, we observed an overall 
inter-rater agreement between orthopaedic surgeons on severity 
classification ranging from 0.64 and 0.68, corresponding to a good 
agreement. However, the inter-rater agreements between the 
two raters did show a high degree of variation with kappa values 
between 0.49 and 0.94. It seems that there is a learning curve for 
classifying complications since the highest inter-rater agreement 
was found between the two raters (C and D) with the highest 
classification experience. The variation of the intra-rater agreements 
both for cohort and literature cases further demonstrates that there 
is a learning curve when using this classification system. Rater 
C, who had substantial experience from a previous systematic 
review and a cohort study, demonstrated the highest intra-rater 
agreement.

The variance of the different raters’ clinical experience and 
expertise with the complication classification could reduce the 
study’s internal validity. Thus, a group consisting of only highly 
experienced raters might have achieved a higher agreement as 
opposed to our group consisting of raters with a high experience 
variance. With the treating clinicians (the two senior consultants) as 
raters in the study, there may be an assessment bias which would 
lead to a reduction in the inter-rater agreement. The choice of cases 
selected by the first author could induce a selection bias but have 
secured cases covering a wide range of severity and origin.

A further limitation of the study is the lack of the typical 
table presentation of the agreement prevalence, but the 
comprehensiveness of the possible outcomes of 4 raters, severity 
classification with four outcomes and origin classification with 33 
categories makes this table an unworkable task and difficult to 
interpret. Therefore, we have presented the observed agreement 
with kappa estimates on all inter- and intra-rater estimates, and we 
have observed no signs of the two paradoxes of very low kappa 
values with a high observed agreement.16

The complications with bone-lengthening nails can have many 
different origins.2 The categorisation into eight main categories 
and 33 subcategories reflects this complexity. However, the high 
number of categories affects the kappa value. As the number of 
categories increases, we expect a decrease in kappa value since the 
opportunity for misclassification or disagreement arises.11

A strength of the applied classification system is that both 
the severity and the origin of a complication are categorised. 
By mapping both the origin and the severity of a classification, 
evidence-based interventions for reducing complications can 
be sought. We found that the classification system is reliable 
when used in a classic cohort case setting and applied to cases 
extracted from literature articles. The classification system of 
severity and origin can be adapted into bone lengthening with 

external fixation, which strengthens its future use. However, 
whether the same good agreement can be expected for classifying 
complications after external lengthening should be investigated 
in a separate study.

co n c lu s I o n A n d cl I n I c A l sI g n I f I c A n c e

This agreement study is the first to test the reproducibility of a 
structured severity and origin classification of complications in 
intramedullary bone-lengthening nails in the settings of cohort 
and literature cases. For the cohort cases, the kappa estimates of 
0.68 (CI: 0.56:0.79) and 0.63 (CI: 0.53:0.73) were observed for severity 
and origin, respectively. In the literature cases, the kappa estimate 
was 0.64 (CI: 0.53:0.75) and 0.74 (CI: 0.64:0.83) for severity and 
origin, respectively. Since a good inter-rater agreement was found 
in this study, the applied classification system may be suitable for 
reporting complications. A shared language for communicating 
complications for clinical and research purposes is important. The 
variation in an intra-rater agreement between reviewers indicates 
that future users should be focusing on improved reviewer 
guidelines and training before the use of the classification system. 
We encourage future studies to use a structured and validated 
complication classification to improve the shared understanding 
of complications with bone-lengthening nails.
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