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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Introduction: The lack of standardization in the assessment 

of healing potential of diaphyseal tibial fractures in the 
early stages of treatment leads to late diagnosis of non-
union, which requires the development of prognostic 
diagnostic criteria that take into account possible risk factors. 
Objective: To analyze and evaluate the available scoring systems 
for predicting union and non-union of diaphyseal tibial fractures. 
Methods: We searched for publications in 
Scopus (Elsevier), PubMed, Publons, Medline, 
RSCI, Google, and Google Scholar databases. 
Results: Six systems for predicting the risk of non-union 
of tibial fractures were analyzed, 4 of which included 
clinical and surgical risk factors for non-union. The 
advantage of the scoring systems is the identification of 
interventional thresholds for early detection of non-union. 
Conclusions: The Radiographic Union Scale for Tibia (RUST), 
the Tibia FRACTure prediction healING (FRACTING), the 
Leeds-Genoa Non-Union Index (LEG-NUT), and the Non-
Union Scoring System (NUSS) are the most researched and 
recommended for clinical use. The Non-union Determination 
Score (NURD) and Tibial Fracture Healing Score (TFHS) 
systems require further evaluation.

Key words. Diaphyseal fractures, diagnosis of non-union, 
delayed consolidation, prognostic scoring systems.
Introduction.

The number of fractures is on the rise worldwide. In 2019, 
this number reached 178 million cases, an increase of 33.3% 
compared to 1990 [1]. According to the Swedish Fracture 
Registry, the overall incidence of tibial fractures is 51.7 cases 
per 100,000 per year, of which 15.7 cases per 100,000 per year 
are tibial diaphyseal fractures (TDF), of which 17.7% are open 
fractures [2]. At the same time, more than 450 million fracture 
patients require re-treatment each year due to acute and chronic 
complications.

Non-unions are a serious complication of long bone fractures, 
with an incidence of 5 to 10% [3]. In the United States, 
approximately 6 million fractures are reported each year, of 
which 1.9% to 15% are non-unions [4]. Complications of TDF, 
such as malunion, delayed fragment consolidation and non-
union, have been reported to occur in 4–16% of cases [5,6]. 
These complications are associated with significant socio-
economic aspects: healthcare costs, reduced quality of life of 
patients due to prolonged treatment and unplanned surgical 
interventions [7]. 

Currently, surgeons and orthopedic surgeons do not have a 
universally accepted definition and timing of 'non-union' of 
a fracture; it remains controversial and varies widely [8,9]. 

Based on a systematic review of 148 literature sources, the 
authors found that only 50% of studies provided a definition 
of non-union, making it difficult to standardize the approach to 
diagnosis and treatment [9].

The FDA defined 'non-union' in 1998 as “...established when 
a minimum of nine months has elapsed since injury and the 
fracture shows no visible progressive signs of healing for three 
months” [10]. However, insufficiently long intervals after initial 
fracture fixation do not allow early prediction of the development 
of non-union. In addition, this basic definition considers only 
the time interval and does not take into account clinical and 
objective radiological criteria of fracture healing, does not take 
into account the peculiarities of bone callus formation and its 
relationship with bone fragments, multiple fractures, large bone 
defects, infection with bone loss, which pose a risk of non-union 
much earlier than 9 months [9].

In a study based on a survey of surgeons and orthopedic 
surgeons, 73% of respondents stated that there was a lack of 
standardization in the definition of delayed consolidation and 
55% felt that there was a lack of adequate definition of fracture 
non-union, while 88% of specialists confirmed that the diagnosis 
of delayed consolidation and non-union should be made in 
a comprehensive manner, taking into account well-defined 
temporal, radiological and clinical criteria [11]. A challenge in 
clinical practice is the assessment of fracture healing potential 
early in treatment, which often leads to a late diagnosis of 
non-union [12]. Approaches to the diagnosis and management 
of non-union and delayed consolidation fractures continue to 
evolve. To date, prognostic diagnostic systems based on scoring 
have been developed, some of which consider treatment options.

The aim of this review is to analyze and evaluate the available 
scoring systems for the prediction of fracture union and non-
union in diaphyseal tibial fractures.
Methodology.

Publications were searched in Scopus (Elsevier), PubMed, 
Publons, Medline, RINC, Google and Google Scholar 
databases. We used the following key words: non-union of long 
bone fractures, delayed union, scoring systems to assess fracture 
union and non-union. The search depth was 15 years.

Prognostic systems for assessing fracture union and non-
union in scores: The Radiographic Union Scale for Tibia 
(RUST) has been an important tool for predicting fracture 
healing in TDF, with scores used to assess fracture healing [13]. 
The search for early predictors of fracture non-union has led to 
the development of other scoring systems for the assessment 
of TDF: The Non-Union Determination Score (NURD) [14,15], 
The tibia FRACTure prediction healING (FRACTING) [16], 
The Leeds-Genoa Non-Union Index (LEG-NUT [17], The 



175

Tibial Fracture Healing Score (TFHS) [18]. The Non-Union 
Scoring System (NUSS) [19], based on patient-specific, clinical 
and surgical risk factors.

The radiological assessment of tibial fracture healing 
(RUST): was developed by specialists at the University of 
Toronto (Canada) and its specific feature is the scoring of 4 
regions of the cortex: lateral, medial, anterior and posterior 
[13]. Each tibial cortical layer is scored from 1 to 3 depending 
on the degree of fusion, with a minimum score of 4 (definitely 
not healed) and a maximum score of 12 (completely healed) 
(Table 1) [13]. If a fracture does not heal, there is no clinical 
or radiological evidence of healing requiring reoperation, and 
delayed fracture healing is defined as fewer than three bridging 
calluses connecting the cortical layers 6 months after injury 
[20]. It has been clarified that a fracture with a callus and a line 
or crack in the callus is worth 2 points, whereas a bridging callus 
without a crack is worth 3 points [21].

Table 1. Radiographic assessment (RUST) of tibial diaphyseal fracture 
fusion in each of the 4 cortical regions [13].
Cortex score (lateral, 
medial, anterior and 
posterior), points

Bone callus Fracture line 

1 None Visible
2 Present Visible
3 Present No fracture line present

Validation of the RUST system was performed by 
traumatologists, orthopedists and resident trainees on 
radiographs of patients with TDF using the intraclass correlation 
coefficient (ICC), and high levels of agreement were achieved: 
0.86, 0.83 and 0.81 [13]. RUST scores ranged from 4 to 12 with 
a mean score of (8.3±2.2) (median 8). High concordance scores 
have also been reported by radiologists and orthopedic surgeons 
[22-24]. The high intraclass correlation coefficient indicates the 
strength of this system.

Studies have used the RUST to define fracture union, delayed 
consolidation and non-union. A follow-up study showed that 
the change in the RUST was greatest between 8 and 12 weeks 
after surgery (RUST >8), and then the RUST values continued 
to increase, with RUST ≥10 at 17-20 weeks being considered 
fracture healing [23]. In another study, the mean radiographic 
time for TDF fracture healing at RUST >10 was 16.4 weeks 
[20], with consolidation of fragments in 3 cortical regions 
[14,15,20,25]. Overall, the mean time to healing in the studies 
is 20.4 weeks for segmental TDFs fractures and 21.2 weeks 
for splinter fractures. In some studies, TDF were found to heal 
at RUST=9 points [14,26]. Therefore, according to different 
studies, RUST=9 points or >10 points are considered as an 
indicator of fracture healing.

In a study by the authors of the developed scale [60], RUST 
< 3 points had a sensitivity of 96% and a specificity of 90% 
in predicting the need for additional surgery due to non-union, 
with positive and negative predictive values of 75% and 99%, 
respectively. Most studies consider RUST < 6 points as the 
intervention threshold for predicting non-union [7,20,27]. 
At 14 to 27 weeks, RUST <6 was statistically significant in 
differentiating non-union from delayed fragment consolidation 

[23]. At 6 weeks after TDF with intramedullary nailing, a 
sensitivity of 75% and a specificity of 75% were found for RUST 
< 6 in assessing non-union, with aseptic non-union observed in 
72.3% of fractures [20].

Prospectively Evaluate Reamed Intramedullary Nails in 
Patients with Tibial Fractures (SPRINT) and the Fluid Lavage of 
Open Wounds (FLOW) trails in patients with TDF after fracture 
fixation with intramedullary nails. In a multivariate logistic 
regression model examining risk factors such as tibial fracture 
type, gap size, and RUST=4 at 3 months, an open fracture was 
associated with a 5.5-fold increase in the odds of non-union, 
and RUST=5 or 6 was associated with a 7.7-fold increase in the 
odds of non-union. An open fracture was associated with a 15.5-
fold increase in the odds of non-union, and a score of RUST=5 
or 6 was associated with a 5.7-fold increase in the odds of non-
union at one year compared with a RUST score ≥7 [28]. Based 
on a retrospective meta-analysis and case-control studies, a 
RUST score <6 at 3 months post-fracture was associated with a 
7.12-fold increase in the odds of non-union after intramedullary 
fixation [27]. The meta-analysis also showed that RUST <6 
at 3 months post fracture can be considered an interventional 
threshold associated with a high risk of non-union. In the 
delayed consolidation group with RUST <10 points at 6 months 
after fracture, the median time to healing was 32.3 weeks [20]. 
Another study also found that patients with fractures with RUST 
<10 points were classified as delayed consolidation at 25 weeks 
and achieved healing in a mean of 31 (median 29) weeks [23].

The diagnostic value in tibial metadiaphyseal fractures has 
been improved by the modification of the RUST to the mRUST 
[29,30]. In addition to the position’s characteristic of the RUST, 
the mRUST introduced the indicators 'visible bridging but 
fracture line visible' (RUST position 3, 3 points retained) and a 
new position 4 - absence of remodeling (Invisible Remodeled) 
and fracture line, where a score of 4 is assigned. According to 
the mRUST, a minimum total score of 4 indicates a fracture 
that has not healed and a maximum score of 16 indicates 
complete fracture healing [30]. In a comparative ROC analysis 
of mRUST and RUST by area under the ROC curve (AUC), the 
rates were higher for mRUST (0.986 vs. 0.889) when assessing 
TDF in pediatric patients [31,32]. Furthermore, mRUST ≥12 
points and RUST ≥9 points were identified as predictors of 
union, whereas mRUST ≤7 points and RUST <9 points were 
considered predictors of delayed fusion. The authors noted that 
when radiologists and orthopedic surgeons were assessed using 
the ICC, moderate agreement was found for RUST and mRUST 
scores, with slightly increased rates of delayed fusion. Although 
the RUST scale was developed for TDF in intramedullary 
nail fixation, RUST and mRUST have been successfully used 
to assess fracture healing in different anatomical regions and 
fixation methods, fracture types and after osteotomy [30,33,34-
39].

The validation and effectiveness of the RUST scale has led to its 
widespread use in clinical practice [20,21,26,27,40,41]. Based 
on literature data, intervention thresholds have been proposed: 
for fracture non-union <6 points, for delayed consolidation <9 
points, and for fracture union >10 points. In addition to positive 
predictive value, the RUST has some limitations due to the fact 
that the risk of non-union cannot be predicted earlier than 3 
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months. A weakness of the RUST scale is that the assessment 
of the fracture line “visible (yes) or not” after the formation of a 
bridge-like bone callus has a certain bifurcation [30].

However, although RUST enhances the clinician's ability to 
assess the degree of TDF consolidation, it may be a significant 
addition to systems that take into account important risk factors 
for non-union: infection, chronic disease, surgical features, etc. 
[17,20,40,42].

The NURD scoring system: for predicting non-union of the 
TDF after intramedullary nail fixation was developed in the 
USA by specialists from the Universities of Minnesota and 
Maryland based on a retrospective cohort study [14,15]. The 
NURD system includes a scoring scale with 6 clinical and 
3 radiological parameters (Table 2) and can be effective in 
analyzing the risk of fragment non-union immediately after 
surgery or at staging [43]. The authors of the developed the 
NURD system presented a scale for predicting non-union. 
According to the scale, the probability of non-union is 2% for 
0 to 5 points, 22% for 6 to 8 points, 42% for 9 to 11 points, and 
>12 points increase the risk of non-union by 61%. A NURD 
score ≥9 points are recommended as the intervention threshold 
for fracture non-union [14]. In another study, when comparing 
the rates with the empirical incidence of non-union, it was found 
that except for 0-5 points (3.8%), a lower rate of non-union was 
found between 6-8 points with 9.3%, between 9-11 points with 
up to 14.3%, and above 12 points with 16.7% [44]. Based on 
this study, it was concluded that the NURD system does not 
provide an intervention thresholds, i.e. it represents a range of 
probabilities [44]. However, other studies have demonstrated 
and recommended NURD ≥ 9 points as a threshold for non-
union [8,43].

The validity of the NURD system was examined by comparing 
the results of a SPRINT clinical trial of patients who had undergone 
intramedullary nail fixation of a fracture and the resulting non-
unions. In the initial comparative analysis, the NURD score 
was shown to have a significantly worse discrimination score 
than the SPRINT data (0.61 vs. 0.85, p < 0.01). However, in 
a more detailed analysis, fractures in patients in the SPRINT 
trial had less heterogeneity as assessed by the standard deviation 
of the linear predictors (NURD 1.4 vs. SPRINT 0.4). After the 
authors corrected for fracture homogeneity, the NURD score 
showed the same strong discrimination with the SPRINT data 
(0.81 vs. 0.85, p = 0.17) [46]. The authors concluded that 
the susceptibility of the NURD was reliable; however, in our 

opinion, the heterogeneity of fractures in real practice may 
affect the reliability of the assessment in a given patient. In 
addition, the weakness of the developed system was the lack of 
an infection indicator and the fact that the validity of the system 
was evaluated in a retrospective study.

To improve accuracy, the authors of the developed system 
added the RUST scores to the NURD clinical fusion prediction 
tool and took infection into account, allowing a more accurate 
assessment by 6 weeks post-operatively [15], although this is 
early for infection prediction. When the RUST and the NURD 
scores were compared, RUST ≥10 was shown to accurately 
assess fracture healing independently of the NURD score. 
However, an additional the NURD score is important in the 
intermediate RUST score group (6-9 points), with 25% of 
patients with a the NURD score ≥7 having a non-union. In the 
group with a low RUST score <6 and the NURD score ≥7 or 
the presence of infection, 69% of patients had non-union. It 
was concluded that infection, RUST and NURD scores had a 
statistically significant association with non-union (odds ratio 
> or < 1.0; p < 0.01), with a sensitivity of 82% and specificity 
of 82% [40].

Assessing the risk of non-union using this system, but with 
additional assessment of reliability testing and biomechanical 
validity, will provide surgeons and orthopedic surgeons with 
an improved ability to predict non-union and assist in patient 
management [47].

Due to the ambiguous approach to existing versions of NURD, 
improvements by the authors of this model are ongoing. A new 
version of the NURD 2.0 has been created in which the risk 
score for determining non-union has been expanded compared 
to previous models by adding 6- and 12-week RUST scores 
and introducing infection and smoking scores [48]. Using the 
NURD 2.0, it is possible to predict TDF non-union immediately 
after surgery or at any time within the first 3 months. This 
model represents a significant improvement over previous 
models and, according to the authors, allows surgeons to make 
a timely decision about the need for early surgical intervention. 
However, the NURD 2.0 has not been validated in other studies.

The FRACTING assessment system: was developed by 
L. Massari and a group of specialists (42 people, 41 clinics 
of orthopedics and traumatology) in Italy in 2018 [16]. The 
basis for the development of the FRACTING system was the 
previously created prognostic system ARRCO (Algoritmo 
Rischio Ritardo Consolidazione Ossea) for fracture assessment 

Clinical parameters (in points)

Fracture Exposure Compartment 
syndrome

Flap coverage
requirement
3 % of cortical
contact 

Male

ASA assessment of the patient's 
physical condition Chronic disease
ASA 1 ASA 2 ASA

 3–4
2 4 5 1 1              2 3  3
Radiological parameters ( in points)

Low-energy fracture ** Spiral Fracture ** % of cortical contact 
100% 75% 50% 25%

1 2 0 1 2 3

Table 2. Parameters used to calculate the NURD scores (adapted from [14]).

Note: *ASA is the American Society of Anesthesiologists [45]; **One point is deducted for spiral fractures and low energy trauma.
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in points based on retrospective analysis [49]. The improved 
the FRACTING system, based on a prospective study, provides 
the most complete representation of clinical and radiological 
positions and the impact of surgical treatment (Table 3).

The FRACTING system includes an important risk factor 
such as smoking, which increases the relative risk of non-union 
(odds ratio, OR 2.42) and delayed consolidation of diaphyseal 
fractures (OR 1.78) [20,50]. Information about the risk of non-
union can be provided to the patient to address this modifiable 
risk factor. 

Administration of non-steroidal anti-inflammatory drugs 
(NSAIDs) <90 days after fracture fixation is associated with 
non-union of TDF (OR 1.42) [51]. Non-union was observed in 
5.18% and 7.79% of patients when NSAIDs were prescribed 
acutely and chronically [52]. The risk of non-union was higher 
in patients prescribed selective COX-2 inhibitors after fracture 
(OR 1.84), but not in patients prescribed non-selective NSAIDs 
(OR 1.07) [53]. However, if we consider NSAIDs in the context 
of their importance in relieving pain and inflammation, the 
practice guidelines of the Eastern Association of Surgeons 
and Traumatologists and the Association for Orthopedic 
Traumatology state that prescribing NSAIDs to patients after 
fractures (effect on inflammation and pain) is superior to potential 
risk factors for fracture non-union [54]. In all likelihood, the 
different assessment of the effect of NSAIDs on fracture healing 
has influenced the neglect of this indicator in the development 
of other prognostic systems. 

Diabetes is a major risk factor with a 1.6 to 2.0 fold increase 
in the risk of non-union [40,50] therefore, its inclusion in the 
system improves the accuracy of the assessment.

The validity of the FRACTING system has been demonstrated 
by its developers in the evaluation of TDF fracture healing in 
a prospective, multicenter, observational study in 41 Italian 
orthopaedic and trauma centers [16]. It was based on the analysis 
of 363 tibial fractures of different types (41-A and B, 42-A and 
C, 43-A and B, according to the AO classification). It was found 
that in 12% of patients with a score ≤ 7, healing lasted more 

than 6 months compared to 43% of patients with a score > 7. 
ROC analysis (AUC = 0.823) showed high reliability of the 
score when dividing patients into groups before 6 and after 6 
months after surgical treatment. In clinical practice, an effective 
threshold for the assessment of delayed consolidation and non-
union is a score >7, with a sensitivity of 63%, specificity of 81%, 
and positive predictive value of 53%, indicating fracture healing 
in more than 6 months. In addition, the authors presented data 
on the sensitivity, specificity and positive predictive value of the 
FRACTING system from 3 to 12 points. For example, at a score of 
7, the sensitivity of the method was 80%, the specificity was 65%, 
and the prognostic value for fracture healing was 43% [16]. 

The FRACTING scale can predict fracture healing time and 
identify patients at risk of non-union at six-time intervals: 
immediately after surgery, ≤ 3 months, 4 months, 5 months, 
6 months and > 6 months [43]. We found that the mean the 
FRACTING score (7.3±2.5) was positively correlated with the 
number of days to healing r = 0.63 (p < 0.0001). 

Thus, the strength of FRACTING is its evaluation in 
retrospective and prospective studies, which improves the 
accuracy of predicting nonunion, and its ease of use at any stage 
after surgery. Patient-related risk factors have been introduced 
into the system. The assessment of anemia in the patient is 
important, as anemia is known to reduce bone regeneration. 
The FRACTING has a proven interventional threshold for non-
union (>7 points) and can be used to predict and select patients 
for fracture healing stimulation, such as the use of growth 
factors, cell therapy, drugs that stimulate or optimize reparative 
osteogenesis, and physical factors that influence the reduction 
of the risk of non-union [16,55]. The system takes into account 
different options for fracture stabilization. The weakness of 
FRACTING is the presence of items such as malnutrition, 
instability and bone loss, which can be interpreted differently, 
the absence of an infection indicator, and the unspecific 
representation of diastasis (> 2 mm).

The LEG-NUI Non-union Index: developed by E. Santolini 
et al. in 2020, is based on the evaluation of tibial and femoral 

Parameters Additional parameters Points* Parameters Points*

Age increase
18–45
46–60
>60

1
2
3

Bone diastasis, >2mm 1

Malnutrition 1 Length of surgery, >120 minutes 1
Diabetes 1 Fracture of tibia alone 1
Smoking 1 Loss of bone substance 1
Use of NSAIDs** 1 Bone graft 1

Fracture exposure severity

Closed 
Open grade 
Open skin < 5 cm 
Open skin > 5 cm 

1
2
3
4

 Plate + diastasis 0,5

Location: metaphysis or epiphysis 1 Angular stability plat 0,5

Synthesis device
Nail 1
Plate 2
External fixation

1
2
3

Plate + plaster cast -0,5

Unstable Yes 1 Blood hemoglobin before treatment < 10 g/dl 1
Misalignment > 5 1 Blood hemoglobin after treatment < 10 g/dl 1

Table 3. Parameters used for the FRACTING scores calculation [16].

NOTE: * if the parameter is present, the corresponding score will be given, if it is absent - 0. **NSAIDs: nonsteroidal anti-inflammatory drugs.
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diaphyseal fractures (100 non-unions and 100 control patients) 
[17]. It is a clinical tool that includes eight risk factors, 4 
clinical and 4 radiological, to predict fracture fusion or non-
union (Table 4). If a patient has a score <5, fracture fusion is 
predicted; however, if the score is ≥5, the risk of non-union is 
high [17]. The LEG-NUI scale includes an index of infection as 
an important risk factor for non-union. The effectiveness of the 
LEG-NUI system is increased if the calculation is performed at 
12 weeks after surgery, as infection development and changes in 
the indices are possible during this period. 

Table 4. Parameters used to calculate the LEG-NUI score [17].

Indicators Points
Yes No 

Site of fracture—tibia  1 0
Soft tissue damage (internal degloving or 
open fracture) 1 0

Type of fracture (wedge or comminuted) 1 0
Displacement—> 75% of shaft width 1 0
Method of reduction—open 1 0
Post-surgical fracture gap (> 4 mm) 1 0
Mechanical stability—not optimum 1 0
Infection (superficial or deep) 1 0

The validity of the LEG-NUI prediction model was 
demonstrated. With an optimal intervention threshold of ≥5 
points using ROC analysis (AUC 0.93), the sensitivity of the 
method was 86% and the specificity was 87%. The advantage 
of the LEG-NUI is that it can be used with different methods of 
diaphyseal fracture fixation [17].

The LEG-NUI scale has also been validated in a study of 319 
open and 77 closed TDF [44]. Fracture non-union was noted 
in 61 patients (6.7%). The rates of fracture non-union for each 
score were tabulated by the author, with the highest percentages 
for scores greater than 5 (20%) and up to 8 (40%). The sensitivity 
of the method was 86.0%, which is in line with data from the 
system developers [17], but the specificity was found to be 
much lower (49.3% versus 87%). The low specificity obtained 
by the author [44] may be due to the fact that the LEG-NUI was 
validated by the developers for femoral and tibial fractures, which 
may have influenced the assessment of specificity when analyzing 
TDF only. In addition, a positive predictive value of 18.6% and a 
negative predictive value of 96.3% were evaluated [44]. The LEG-
NUI system has been well evaluated in studies [8,14].

Thus, the strength of the LEG-NUI system is the clear definition 
of its 8 indicators, including the infection indicator. However, 
the absence of the smoking indicator can be considered a 
weakness of this system. 

For the clinician, a version of the LEG-NUI scale score (https:// 
apps. apple.com/ gb/ app/ leg- nui/ id150 42081 100) may be 
convenient, but it is currently only available in the itunes store. 

The TFHS system: was developed in 2020 by specialists at 
the University of Virginia (USA) to identify patients at high 
risk of non-union of TDF (OTA: 41A, 42A-C and 43-A) [18]. 
This system has advantages over the standard conventional 
clinical and radiological examination of patients treated with 
intramedullary osteosynthesis. The TFHS scores are based on 3 
clinical parameters that are evaluated in a single score (Table 5). 

A prognostic assessment of the risk of non-union can be made 
during routine postoperative visits.

Table 5. Parameters used to calculate TFHS scores [18].
Indicators 	 Points
Clinical parameters
Pain. Patient complaints:
-	 pain (none/mild/decreased
-	 no change/increased

1
0

Function
-  minimal limp/able to perform a single leg stance
- significant limp/unable to perform single leg stance

1
0

Patient examination: 
- no/minimal pain with manipulation
- pain on manipulation

1
0

Radiological parameter
Adjusted Radiographic Union Scale in Tibial fractures (aRUST) [13]

The authors showed that TFHS score <3 at 12 weeks predicts 
the risk of fracture non-union and the need for additional surgery 
with high sensitivity (96%) and specificity (90%). At 3 months 
after surgery, RUST scores (1 to 3) are also entered into the 
system [18]. At this time, the sum of the three clinical TFHS 
scores <2 points and RUST score ≤5 points indicate the risk of 
non-union. TFHS score <3 points combined with RUST score 
of 6 or 7 points is considered by the authors to be reliable for 
identifying patients who require treatment.

The strength of this system is the combination of clinical and 
radiologic indicators as a weakness of the TFHS system, we can 
consider the position including “patient examination”, which 
has an element of subjectivity. In addition, it has only been 
evaluated in a retrospective study and is only shown in patients 
with intramedullary fixation. Due to its recent development, this 
system has not been well validated in the nvestigations. Only 
one study is presented in a comparative analysis of the TFHS 
with other scoring systems (see below) [8].

Comparative analysis of developed systems for the 
assessment of fracture union and non-union: In a comparative 
study of 15 patients with TDF, four available systems were 
evaluated: LEG-NUI, NURD, FRACTING and TFHS [8]. The 
following thresholds were used in the assessment of non-union 
to calculate positive and negative predictive values: FRACTING 
≥7 and NURD ≥9 in the immediate postoperative period, and 
LEG-NUI systems ≥5 and TFHS <3 at 12 weeks after surgery. 
The positive predictive values for the development of non-union 
were 80% for FRACTING, 100% for LEG-NUI and 40% for 
NURD, and the negative predictive values were 60, 90 and 90% 
respectively. In retrospective analyses, it was not possible to 
calculate a reliable TFHS accuracy. The authors concluded that 
LEG-NUI had the best combination of positive and negative 
predictive values for the early detection of non-union [8].

In another multicenter study, a comparative analysis of three 
systems FRACTING, NURD and LEG-NUI was performed to 
predict the outcome of fusion and non-union of TDF, taking 
into account the age and gender of the patients and the fracture 
characteristics when using intramedullary nail fixation [43]. 
Based on this study, the authors used thresholds of FRACTING 
≥ 8 and NURD ≥ 9 in the immediate postoperative period. LEG-



179

NUI scores ≥ 5 were calculated 12 weeks after fracture fixation. 
The sensitivity values of FRACTING, NURD, LEG-NUI were 
63.41%, 14.63% and 58.54 respectively, the specificity values 
were 86.52%, 96.63% and 91.07% respectively, the positive 
predictive values were only estimated for FRACTING 68.42% 
and LEG-NUI 75.31%. The negative predictive values for 
FRACTING, NURD, LEG-NUI were 83.7%, 70%, and 83.27%, 
and the F-test (a measure of prognostic performance) was 67%, 
18%, and 58.06%, respectively. Based on the data, the authors 
concluded that FRACTING had the best ability to identify 
patients at risk of non-union according to the highest sensitivity 
and F-test scores. NURD had the lowest sensitivity. A study by 
K. O'Halloran et al. also showed a low diagnostic accuracy of 
NURD, while FRACTING and LEG-NUI scores were similar 
(79.2%) [14]. The FRACTING system showed a prognostic 
value (83.7%) and specificity (86.5%), whereas the LEG-NUI 
score showed a better negative predictive value (85.3%) and 
sensitivity (68.3%). These two systems are recommended to be 
used in clinical practice to select the surgical approach and to 
guide postoperative therapy [14].

A comparative analysis of LEG-NUI and NURD also showed 
better performance of LEG-NUI in terms of discrimination 
score (c=0.802 (0.709 -0.895), p = < 0.001 vs. c=0.693 (0.592 
- 0.793), p < 0.001, 95% CI [44]). A score greater than 0.7 
indicates a good model fit and a score greater than 0.8 indicates 
a strong model fit. 

No comparative analysis of the updated version of NURD 2.0 
[48] with other prognostic systems was found in the available 
literature. 

NUSS fracture non-union scoring system: The NUSS scoring 
system was developed for incipient non-unions [19,56] and 
differs from other systems presented above in that it combines 
predictors and features of non-union in the early postoperative 
period (humerus, femur and tibia) and suggests management 
tactics for patients [57-59]. Taking into account previously 
developed prognostic systems, NUSS is the first multi-factorial 
approach to non-union based on 15 different indicators grouped 
into 3 blocks: bone status, fracture and surgical characteristics, 
soft tissue status and patient health, with a total score ranging 
from 4 to 100 points [56]. 

Patient-related factors such as chronic disease, smoking, 
steroid and NSAID use are included as important risk factors 
for non-union. In addition, the invasiveness of previous 
procedures, type of non-union, soft tissue status (previous scars, 
vascularization problems and skin defects, etc.), assessment of 
the patient's condition according to the ASA scale, etc. (Table 
6) [56,58].

The NUSS scale can be used at admission of patients with non-
unions, correlates with the clinical complexity of a particular 
patient, and makes it possible to predict further outcome. Оn 
this basis, for the first time, a therapeutic treatment protocol has 
been created, represented by 4 classes depending on the score, 
and the effectiveness of treatment options for non-union in each 
class has been demonstrated (Table 7) [19,57-59].

Studies have shown that the proposed treatment strategy 
corresponds well with the final treatment (χ2 = 29.963, 9 degrees 
of freedom, p < 0.001) [57,60].

The results of the validation of the NUSS system by G.M. 
Calori et al. (300 long bone non-unions) showed that in patients 
with clinically and radiologically confirmed non-unions after 
NUSS treatment, 86% of patients had positive results in grade 
1, 87% of patients in grade 2 and 82% of patients in grade 3, 
and the mean time to clinical healing was (8.78 ± 2.04) months, 
(9.02 ± 1.84) months and (9.53 ± 1.4) months, respectively [56].

In a retrospective study [61] to validate the NUSS system [19], 
40 patients were divided into three groups. All class 1 patients 
treated according to the NUSS guidelines achieved a fracture 
fusion rate of 97.05%, class 2 patients achieved a fracture fusion 
rate of 83.67% and in class 3 only 20% of patients achieved 
fracture fusion. The authors [61] noted that they obtained similar 
results to the study published by G.M. Calori et al. for patients 
with scores of 0-25 and 26-50 [19].

Another study also investigated the effectiveness of the NUSS 
system in treating patients with ununited fractures of the femur, 
tibia and humerus [58]. In the evaluation of 39 (33.62%) patients 
with TDF divided into grade 1 and grade 2, 100% fusion was 
observed in 100% of patients and 16.66% in grade 3. The risk 
of non-union in untreated patients was 28 times higher than in 
patients treated according to the NUSS guidelines. The authors 
believe that using the NUSS as a guideline for diagnosis and 
treatment planning in patients with non-united fractures can 
significantly improve the effectiveness of treatment [58].

The strength of the NUSS system is its comprehensive 
multifaceted consideration of risk factors that have been 
evidenced in the literature. It is the first classification that takes 
into account bone and soft tissue status, type of nonunion, 
fracture and surgical characteristics, and patient and patient-
related risk factors. However, the creators of the NUSS system 
noted that it did not sufficiently reflect the influence of biological 
factors [19,56].

In a later study, the NUSS scale was successfully used to evaluate 
different treatment options for non-union of TDF: monotherapy 
(bone autograft and secure fixation) and polytherapy (biological 
therapy) [62]. A significantly higher NUSS score (48 vs. 38) 
and success rate (95% vs. 58%) were found in the polytherapy 
group of patients compared to the monotherapy group, but in 
this group, ROC analysis with a high NUSS score showed a 
high predictive performance (AUC=0.9143), and when the 
threshold was set (at 48 points), the sensitivity was 100% and 
the specificity was 70.0%. The NUSS is considered a reliable 
and clinically valid system for prognostic assessment of fracture 
healing and proposed treatment options [58,60,62].

Currently, the NUSS system can be considered as the most 
effective tool for classifying and predicting the complexity 
of nonunion and on this basis the practitioner can plan the 
emergency treatment of a patient with TDF and nonunion. 
The creation of a mobile application based on the risk factors 
presented in the classification would be of great help to the 
clinician and could greatly facilitate the use of this system.
Conclusion.

Some of the most important clinical and basic research in 
traumatology and orthopedics are developments based on the 
prediction of the risk of fracture non-union. Adequate diagnosis 
based on a standardized definition of the criteria for fusion, 
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Condition assessment Indicators Score 
(points) 

Maximum score*

Bone Good 0
Moderate (e.g. mild osteoporosis) 1
P Poor (e.g. severe porosis or bone loss) 2
Very poor (necrotic, appears avascular or septic 3 3

Primary injury –open or closed 

fracture 

Closed 0
Open 1 grade  1
Open 2-3 grade (a)  3
Open  3 grade (b–c) 5 5

Number of previous interventions on 

this bone to procure healing 

None 1
<2 2
<4 3
>4 4 4

Invasiveness of previous interventions) Minimally-invasive: closed surgery (screws, k-wires, etc. 0
Internal intra-medullary (nailing) 1
Internal extra-medullary 2
Any osteosynthesis that includes bone graftin 3 3

Adequacy of primary surgery  Inadequate stability 0
Adequate stability 1 1

Weber & Cech group Hypertrophic 1
Oligotrophic 3
Atrophic 5 5

Bone alignment  Non-anatomical alignment 0
Anatomical alignment 1 1

Bone defect (gap) 0,5 -1 cm 2
1–3 cm 3
>3 cm 5 5

Soft tissue 
Status Intact 0

Previous uneventful surgery, minor scarring 2
Previous treatment of soft tissue defect (e.g. skin loss, local flap 
cover, multiple incisions, compartment syndrome, old sinuses)

3

Previous complex treatment of soft tissue defect (e.g. free flap) 4
Poor vascularity: absence of distal pulses, poor capillary refill, 
venous insufficiency

5

Presence of actual skin lesion/defect (e.g. ulcer, sinus, exposed 
bone or plate)

6 6

The patient
Physical status of patients according to 
the (ASA)** 

1 or 2 0
3 or 4 1 1

Diabetes No 0
Yes (well controlled HbA1c** < 10) 1
Yes (poorly controlled HbA1c  > 10) 2 2

Blood tests: FBC, ESR, CRP  FBC: white blood cell count (WCC) > 12 1
Erythrocyte sedimentation rate (ESR)> 20 1
C-reactive protein (CRP) > 20 1 3

Clinical infection status Clean 0
Previously infected or suspicion of infection 1
Septic 4 4

Drugs Steroids 1
NSAIDs*** 1 2

Smoking status No 0
Yes 5   5

The sum 50**** 50

Table 6. NUSS scoring system for patients with non-unions [56].

* The highest score in each group summarizes that it would be difficult to achieve fusion.
** ASA – American Society of Anesthesiologists [45].
***NSAIDs – non-steroidal anti-inflammatory drugs.
**** Patient's total score is multiplied by two.
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delayed consolidation and fracture non-union is necessary 
to accurately assess the optimal management of patients with 
TDF and for research purposes. The search for and validation 
of risk factors has led to the development of the RUST system 
and other systems that reflect temporal, clinical and radiological 
parameters in different ways, but which have the advantage of 
being specifically patient- related factors, allowing prediction 
of fracture status and timely application of the necessary 
treatment measures. In most studies in adult patients, a RUST 
<6 (no bone callus formation) at 3 months after fracture has 
been confirmed as a predictor of high risk of non-union and is 
considered a intervention thresholds. The fracture prognostic 
systems described in this paper, such as LEG-NUI, FRACTING, 
NUSS, contribute to the risk stratification of non-union. The 
intervention thresholds of the developed systems have been 
selected as a result of the studies performed. NUSS additionally 
offers of management strategy for patients with fracture non-
union. Future studies should aim to prospectively validate 
the developed fracture union – non-union scoring systems to 
identify their strengths and weaknesses and the management 
options used.
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РАННИЕ ПРЕДИКТОРЫ НЕСРАЩЕНИЯ 
ДИАФИЗАРНЫХ ПЕРЕЛОМОВ БОЛЬШЕБЕРЦОВОЙ 
КОСТИ, ОСНОВАННЫЕ НА БАЛЛЬНЫХ СИСТЕМАХ
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Введение. Отсутствие стандартизации в оценке потенциала 
заживления диафизарных переломов большеберцовой кости 
на ранних этапах лечения приводит к поздней диагностике 
несращения. что требует разработки прогностических 
критериев диагностики, учитывающих возможные факторы 
риска. Цель: проанализировать и оценить имеющиеся 
балльные системы для прогнозирования сращения и 
несращения диафизарных переломов большеберцовой 
кости. Методология. Поиск публикаций проводили в 
базах Scopus (Elsevier), PubMed, Publons, Medline, РИНЦ, 
Google, Google Scholar. Результаты. Проанализировано 6 
систем, прогнозирующих риск несращения диафизарных 
переломов большеберцовой кости в баллах, 4 из которых 
включали клинические и хирургические факторы риска 
несращения. Преимуществом балльных систем является 
определение отрезной точки для раннего выявления 
несращения. Заключение. Из прогностических систем 
наиболее исследованы и рекомендованы для использования 
в клинической практике: рентгенологическая шкала оценки 
сращения большеберцовой кости (RUST), предикторы 
несращения большеберцовой кости (FRACTING), 
индекс несращения Leeds-Genoa (LEG-NUT) и система 
несращения (NUSS), предназначенная для ранней 
диагностики и разработанной на ее основе тактики лечения. 
В дополнительной оценке нуждаются системы: шкала 
определения несращения (NURD) и шкала заживления 
переломов большеберцовой кости (TFHS).

Ключевые слова: диафизарные переломы, диагностика 
несращения, замедленная консолидация, прогностические 
балльные системы.
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