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Patient-Dependent Risk Factors for Nonunion
of Long Bone Fractures After Metal Osteosynthesis

Oliinyk O.1e.", Loskutov O.le.", Yakushev S.0.!, Syniehubov D.A."82

Summary. Background. Delayed consolidation and nonunion after long bone
[ractures remain among the most severe complications in the surgical treatment of
musculoskeletal injuries. Objective. The study aims to determine the impact of patient-
dependent risk factors for nonunion of long bone fractures after metal osteosynthesis
and to rank these factors depending on fracture location. Materials and Methods.
A total of 165 patients who underwent metal osteosynthesis for long bone fractures
(04 females and 101 males) and were treated for impaired reparative osteogenesis
and nonunion were evaluated. The systematization of cases of nonunion of fractures
was carried out according to the Weber-Cech classification. Patient-dependent factors
(patient’s age, gender, smoking, alcobol abuse, overweight, use of nonsteroidal
anti-inflammatory drugs, comorbidity) were studied. Results and Discussion. The
incidence of nonunion was higher in males than in females. The oligoplastic type of
nonunion was more common than other types of impaired bone healing. A higher
incidence of aplastic nonunion of bumeral fractures was observed in females; for the
lower extremities, oligoplastic nonunion most often occurred in males. Hyperplastic
nonunion predominated exclusively in the group of segments of the lower extremities.
Statistical analysis of risk factors for nonunion demonstrates a strong influence of
smoking and the use of nonsteroidal anti-inflammatory drugs. Conclusions. Smoking
and the use of nonsteroidal anti-inflammatory drugs are the key factors influencing
nonunion formation in long bone fractures. The distribution of prognostic factors for the
Sformation of a false joint by morphological features demonstrates a homogeneous trend
of ranking in the following areas: nonsteroidal anti-inflammatory drugs, age, Smoking,
gender, comorbidity, and alcobol consumption. The identification and ranking of these
factors will allow for accurate clinical profiling of patients with long bone nonunion
and for assessing the prognostic impact of these factors in individual clinical cases.

Key words: long bone fracture; [fracture nonunion; osteosynthesis; patient-
dependent risk factors.

Introduction

Delayed consolidation and nonunion formation
after long bone fractures remain one of the compli-
cations of surgical treatment of musculoskeletal in-
juries, which has a significant social and economic
impact on the healthcare system [1]. This is associ-
ated with prolonged treatment, including multiple
surgical interventions. The outcomes of such repeat-
ed procedures may be unfavorable, leading to fur-
ther patient disability and inability to restore work
capacity. Healthcare costs for patients diagnosed
with nonunion, according to numerous studies, are
more than twice as high as those for patients with
uncomplicated fracture union [2]. The overall risk of
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nonunion is up to 5%, whereas for certain fractures
in older patients this risk may increase to 9% [3, 4].
In high-energy open fractures of long bones, the risk
of nonunion increases significantly and may be up
to 19 times higher compared with closed fractures
[5]. Certain anatomical regions demonstrate a higher
incidence of nonunion, particularly fractures of the
humerus, femur, tibia, and forearm bones [6]. Recent
studies have identified factors associated with im-
paired fracture healing, allowing for more targeted
patient monitoring and treatment strategies [3-106].
Several reports indicate a number of factors associat-
ed with the incidence of long bone nonunion in the
elderly [6]. Other presumed risk factors for nonunion
include male gender, smoking, and diabetes; howev-
er, these factors have not been clearly quantified, as
some studies lacked adequate control for the pres-
ence of comorbidities [17].
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Thus, the contradictory data regarding fracture
union complications and the uncertainty surround-
ing the influence of factors affecting impaired regen-
eration and false joint formation reported in the lit-
erature highlight the relevance and need for further
investigation. Timely diagnosis based on a standard-
ized definition of long bone nonunion is crucial for
early prognostic assessment at the stage of primary
surgical intervention and for determining the opti-
mal treatment strategy for patients with impaired
fracture repair. Accordingly, the present study aims
to identify patient-dependent predictors of impaired
bone regeneration and nonunion after metal oste-
osynthesis (MOS), depending on the localization of
long bone fractures.

Objective. This study aims to determine the im-
pact of patient-dependent risk factors for nonunion
of long bone fractures after MOS and their ranking
depending on the localization of the injury.

Materials and Methods

The study was conducted at the clinical bases of the
Department of Traumatology and Orthopedics of Dni-
pro State Medical University from 2009 to 2022. A ho-
mogeneous cohort of 165 patients (64 females and 101
males) with long bone fractures treated by MOS was
formed. The patients were admitted to the clinic within
a period of three months to three years after the initial
surgery due to complications associated with impaired
reparative osteogenesis and nonunion formation.

Cases of long bone nonunion after MOS were sys-
tematized according to morphological characteristics
using the Weber-Cech classification (1976) [18].

To analyze factors influencing long bone fracture
nonunion, patient-dependent risk factors were as-
sessed, including:

- patient age [19-21];
patient gender [4, 6];

- smoking [4, 8, 19, 22, 23];
alcohol abuse [19, 20, 23, 24];
overweight [19, 20, 22, 24, 25];

- use of nonsteroidal anti-inflammatory drugs
(NSAIDs) [4, 20, 24, 20];

- comorbidity [19, 27].

Statistical analysis was performed using a descrip-
tive method. The total sample was initially divided by
gender (females, n=64; males, n=101). Each gender
sample was then divided into groups depending on
the nature of the nonunion by localization. Results
for each sample size were presented as minimum and
maximum values, median, and mean values. The as-
sessment of the presence of the nonunion criterion
assumed an integer value.
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Discussion

It should be noted that the identification of such
risk factors as patient gender, smoking, alcohol abuse,
and overweight did not raise questions regarding the
analysis in the study design. In contrast, the inclusion
of factors such as age, use of NSAIDs, and comorbid-
ity raised certain questions regarding the subsequent
determination of the possibility of their inclusion in
the further analysis.

The literature review on the issue of determining
the risks of bone nonunion according to age-related
thresholds did not provide a clear answer. Numerous
studies have demonstrated the influence of age on de-
layed union or nonunion [28]. Age is considered a risk
factor due to the presence of osteoporosis, metabolic
changes, and reduced compliance of elderly patients
with postoperative recommendations regarding tim-
ing and load-bearing of the operated limb [29]. Ac-
cording to the literature, bone nonunion, depending
on the localization of the fracture and the age of the
patients, was as follows: humerus — 30-60 years [30],
forearm bones — 30-55 years [31, 32], femur - 31-60
years [33-36], and tibia - 30-55[10,13,37]. Given the
variability in defining age thresholds as a risk factor
for nonunion, a cut-off value of 45 years and older
was selected for all subgroups in the present study.

Consideration of NSAID administration as a risk
factor also requires careful discussion. Numerous
studies have reported the negative effects of NSAIDs
on osteogenesis [47-51]. In particular, the literature
discusses certain negative reactions to NSAIDs that
are directly related to pain relief in bone fractures,
such as an increased risk of fracture nonunion [38,39].
It is known that reparative regeneration of fractures
is a complex process that includes elements of in-
flammation (particularly, the reaction of macrophag-
es and osteoclasts) aimed at removing dead cells and
destroyed intercellular matrix, stimulation of the
production of growth factors, proliferation and dif-
ferentiation of mesenchymal stem cells, synthesis of
collagen and proteoglycans, and formation of new-
ly formed bone and cartilage structures [40,41]. Cy-
clooxygenase-2 (COX-2) activity, which is intensively
expressed at the injury site, plays a crucial role in ef-
fective repair, as prostaglandins E2 and 12 (prosta-
cyclin) synthesized via this pathway regulate cellular
proliferation and improve microcirculation. Prosta-
glandin E2, through interaction with EP2 and EP4 re-
ceptors, induces the synthesis of several growth fac-
tors, including bone morphogenetic proteins (BMPs),
and accelerates bone remodeling and ossification of
newly formed tissue [42]. By inhibiting COX-2 activi-
ty at the injury site, NSAIDs may suppress reparative
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processes and negatively affect new bone formation
in the fracture area. This effect has been confirmed
in a number of experimental and laboratory studies
using biological models [43]. For example, Pountos et
al. (2021) demonstrated that NSAID-induced reduc-
tion of prostaglandin E2 concentration at the injury
site may inhibit chondrogenesis and osteogenesis by
decreasing the expression of genes responsible for
the synthesis of growth factors TGF- 3 and FGF-1.
Janssen et al. (2017) showed that NSAID administra-
tion inhibited chondrocyte differentiation and bone
mineralization following experimental fracture. A
meta-analysis of 47 studies evaluating the effects of
NSAIDs on the consequences of experimental frac-
tures in laboratory animals revealed a statistically
significant reduction in biomechanical properties of
repaired bone. However, a significant difference was
observed in the effect of NSAIDs among different an-
imal species (in particular, no negative effect of these
drugs on the stiffness of newly formed bone in mice
was noted), as well as between females and males,
and across different injury localizations [46]. In ad-
dition to the negative biochemical impact on repara-
tive regeneration, the duration and dosage of NSAID
use are relevant. Thus, NSAID administration for up
to two weeks has not been shown to significantly in-
crease the risk of nonunion [47]. At the same time,
some studies have determined a high risk of nonun-
ion when using NSAIDs for more than 2 weeks; these
terms are highly dependent on the localization of the
fracture [49,50,52] and pharmacological properties
of the NSAIDs themselves [51]. Accordingly, for pa-
tient selection in the present study, a risk group was
defined for NSAID use for 30 days or longer.
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Comorbidity, as a risk factor for long bone non-
union, was assessed as a qualitative indicator. It
should be noted that according to formal criteria,
all patient-dependent factors of influence can be at-
tributed to comorbidity; however, from the point of
view of detailing and determining the influence and
calculating the prediction of nonunion, this loses its
meaning. Therefore, comorbidity in this study was
considered as a present or absent criterion, which
was added to the study design. Comorbidity was de-
termined in the presence of the following diagnoses
observed in patients: hypertension, heart disease, vas-
cular diseases, diabetes, etc. [19, 27].

Results

Data on the distribution of patients included in
the study according to fracture localization, gender,
and age are presented in Table 1. The main group was
mostly comprised of males (101 patients, 61%); fe-
males were only 64 patients (39%). It should be not-
ed that 146 out of 165 patients were of working age
(Table 1).

According to the Weber-Cech classification (1976)
[18], the studied cases of long bone nonunion after
MOS were distributed by morphological factor as
shown in Table 2 and Table 3.

The number of nonunion cases was higher in
males than in females, and this trend was observed
across all fracture localizations.

The main group of patients was further system-
atized into four clinical and radiological subgroups,
the distribution of which was carried out taking into

Table Ne]
Distribution of patients by fracture localization, gender, and age
Age 18-20 21-30 31-40 41-50 51-60 61-70 71+ Total  |Average age
Gender
Humerus

M 0 5 6 2 1 1 1 16 39.3

F 0 1 5 6 5 4 2 23 489
Generally 0 6 11 8 6 5 3 39 44.1

Forearm bones

M 0 3 9 4 2 0 0 18 374

F 0 4 2 1 1 0 0 8 36.8
Generally 0 7 11 5 3 0 0 26 37.1

Femur

M 2 6 8 7 4 2 1 30 41.2

F 0 4 3 b) 3 2 20 47.2
Generally 2 10 11 10 9 5 3 50 44.2

Tibia

M 4 8 10 9 5 1 0 37 37.6

F 2 2 1 3 3 2 0 13 46
Generally 6 10 11 12 8 3 0 50 418
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Table Ne2
Distribution of nonunion cases by fracture localization, gender, and age
Type of False joints
nonunion :
Slow consolidation Total
Gender
Hyperplastic Oligoplastic Aplastic
Humerus
M 4 - 5 7 16
F - 9 14 23
Generally 4 - 14 21 39
Forearm bones
M 4 - 8 0 18
F - - 3 5 8
Generally 4 - 11 11 26
Femur
M 1 1 24 4 30
F 2 1 12 5 20
Generally 3 2 36 9 50
Tibia
M 5 4 22 0 37
F 0 1 8 4 13
Generally 5 5 30 10 50

account the medical history, analysis of clinical data,
radiological examination in the temporal aspect, and
additional examination methods.

The first group included 16 patients (10%) (Ta-
ble 3) who had delayed consolidation of diaphy-
seal fractures of long bones in the period from 4 to
6 months after the injury and MOS. Radiographs of
these patients clearly demonstrated a gap between
the fragments with the absence of periosteal reaction
or an indistinct gap between the fragments with the
presence of a delicate periosteal callus. The second
group included 91 patients (55%) with oligoplastic
nonunion of long bones (Table 3). At 6 to 9 months
after MOS, radiological examination of these patients
demonstrated the absence of elements of fracture
consolidation and formation of fibrous and/or car-
tilaginous tissue between the fragments, manifest-
ed by the presence of a gap between the fragments
and the absence of bone callus elements. The third
group consisted of 7 patients (4%) with hyperplas-
tic nonunion of long bones (Table 3). According to
X-ray examination, this group was characterized by
the presence of significant expansion of the ends of
the bone (“elephant foot” type) [18] or a less pro-
nounced amount of reactive tissue at the ends of
bone fragments (“horse hoof” type) [18]. The fourth
group included 51 patients (31%) with aplastic non-

union of bones (Table 3). Radiologically, this group
demonstrated the absence of bone callus formation,
the presence of fragments with osteolysis, sharpening
of fragment ends, closure of the bone medullary ca-
nals, and the development of osteosclerosis.

It is noteworthy that the oligoplastic type of non-
union was observed in almost half of the cases and,
depending on the localization, exceeded other types
of bone union disorders. In addition, aplastic non-
union in the humerus segment predominated in fe-
males, whereas in the lower extremities there was a
tendency toward oligoplastic nonunion with a pre-
dominance in males. Hyperplastic nonunion predom-
inated exclusively in the lower extremity segment
group.

The data obtained during the collection of infor-
mation on risk factors are presented in Table 4. For
clarity of interpretation of the obtained and statisti-
cally processed data, petal diagrams were construct-
ed (Fig. 1).

Where n* is the number of recorded cases.

Statistical analysis of the data demonstrates a
strong impact of smoking and NSAID use in the over-
all group and in all localization-based subgroups,
with pronounced peaks (Fig. 1). The gender factor
traditionally demonstrates a male predominance,
with the exception of false shoulder joints, where
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Table Ne3
Overall distribution of patients into subgroups ac-
cording to the Weber-Cech classification (1976)

Groups of | Number | Percent .
observation (n) (%) Type of nonunion
First group 16 10 Slow consolidation

Second group 91 55
Third group 7 4
Fourth group 51 31
Aplastic
Total 165 100

female patients prevail. Comorbidity, despite the ex-
pected significant influence, showed no substantial
effect, which is somewhat surprising in comparison
with smoking, NSAID administration, and gender.
When comparing the obtained data across localiza-
tion-based subgroups, differences in nonunion risk
factors for the humerus are noteworthy, particularly
with respect to gender, smoking, and comorbidity.
Analysis of the relationship between the distri-
bution of risk factors and the morphological type
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Comorbidity Gender (M)

Humeral bone

NSAID (= 30 days) Gender (F) == Forearm bones

Femoral bone
Tibial bone

Overweight Smoking

Alcohol

Fig. 1. Diagram of the generalized distribution of risk
factors in the group of patients.

of nonunion is presented in Figures 1-3. Within the
framework of prognostic modeling, a high degree of
uncertainty was observed regarding the distribution
of influencing factors in the subgroup of patients
with delayed consolidation. Ranking of risk factors
by their relative nature in this subgroup (Fig. 2) re-
vealed the following order: age, gender, and the use of
NSAIDs. Other analyzed factors did not demonstrate
statistically significant influence. From the perspec-
tive of constructing a clinical model of a patient with
long bone nonunion, delayed consolidation should
be considered as a transitional state characterized by
uncertainty in the direction of the reparative regen-
eration process toward the development of a type of
nonunion. This conceptualization supports the para-
digm of delayed consolidation as a potential predic-
tor of nonunion, warranting further detailed study.
Evaluation of the distribution of prognostic fac-
tors influencing delayed consolidation (Fig. 2) and
morphologically defined nonunion types (Fig. 3)
demonstrated a more homogeneous ranking pattern:
NSAID use, age, smoking, gender, comorbidity, and
alcohol consumption, with greater predominance
observed in fractures of the femur and tibia. It should
be noted that male predominance persisted in both
oligoplastic and hyperplastic nonunion subgroups,
except in shoulder localization. At the same time, hy-
perplastic nonunion demonstrated the highest prev-
alence in tibial fractures, with absolute values for all
analyzed factors nearly twice as high compared with

Table Ne4
Overall distribution of patient-related risk factors in the observation group
Localization Age Gender Smoking Alcohol Excess weight | NSAIDs (>30 | Comorbidity
of fracture (n" M/F (n) (n) (n) days)
(n) (n)

Humerus 28 16/23 28 22 17 34 24
Forearm bones 21 18/8 23 16 6 23 10
Femur 32 30/20 36 20 18 35 25
Tibia 30 37/13 43 21 14 37 19
Total 111 101/64 130 79 55 129 78

Where n* is the number of recorded cases.
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Fig. 2. Diagram of the distribution of risk factors in a subgroup of patients with slow consolidation

other localizations. In contrast, shoulder localization
was predominantly associated with aplastic nonun-
ion, with an advantage in females against the back-
ground of the predominant use of NSAIDs.

Conclusions

Thus, the study of factors contributing to the for-
mation of long bone nonunion remains relevant,
since both quantitative and qualitative indicators of
MOS continue to demonstrate a persistent rate of
these complications despite the improvement of os-
teosynthesis methods. The relevance of this issue is
further emphasized by the high incidence of nonun-
ion complications among individuals of working age.

Smoking and the use of NSAIDs are the main
sources of influence on the formation of long bone
nonunion, which forces us to look for levers of influ-
ence on bad habits and optimization of drug treat-
ment. In the pursuit of an “ideal” osteosynthesis tech-

nique, the patient is often overlooked; however, even
with technically optimal fixation, an “ideal patient”
does not exist. The role of comorbidity as a contrib-
uting factor to long bone nonunion requires contin-
ued investigation and more detailed evaluation. Data
analysis demonstrates a strong influence of smoking
factors and the use of NSAIDs in the general group
and in all subgroups by localization with large peaks.
The gender factor traditionally demonstrates male
predominance, with the exception of shoulder non-
union, where female patients predominate.

The distribution of prognostic factors according
to the morphological type of nonunion revealed a
homogeneous trend of ranking in the following ar-
eas: the use of NSAIDs, age, smoking, gender, comor-
bidity, and alcohol consumption. Compliance with
the definition and ranking of these factors will allow
to form an accurate picture both for clinical mode-
ling of a patient with long bone nonunion, and for
determining their prognostic impact for a specific
clinical case.
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Fig. 3. Diagram of the distribution of risk factors in subgroups of patients with a false joint
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IanienTo3ane:xkui (axkTopu PU3UKY HE3POIECHHSA MEePeaIOMiB TOBIHX KiCTOK
MiCIA METAT00CTEOCHHTE3Y

Onitinux O.€.1) JTockymos O.€.1, Axyues C.0.", Cune2y6o J].A."5=2
UTninposcerutl oepacasruil meouunuti yuieepcumem, uinpo, Yipaina

Axmyanvuicmo: 3ampumxa KoOHCOROayii ma YopMYBanHs HE3POUWeHHL Nicas
nepenomie 0062UX KiCMOK 3aiUaemscs 00HUM 13 BANCKUX YCKAAOHEHb 8 XIPYP2iuHOMy
JMKYB8AHHT MpPAeM  ONopHO-pyx060i cucmemu. Mema 00CAiONCeHHA: Busnauumu
BNAUE NAUIEHMOSANCHCHUX PAKMOPIE PUSUKY He3DOUeHHA NePeoMie 0082UX KiCMOK
NiCAS MeMAno0CmeoCUnme3y ma ix DAaHICY8aAnHA 6 3ANeHHOCIE 610 JOKAM3AUTT
nowkooxrcents. Mamepianu i memoou: byro docnioxerno 2pyny 3 165 nayienmis
nics MeManoocmeocunmesy nepenomis 008zux xicmox (64 xcinku ma 101 40108ix),
AKE KY8AMUCA 3 NPUB0DY NOPYULeHb Denapamugro2o 0cmeozenesy ma popmysars
HeCNPABHCHIX CY2n00i8. CUCmemMamu3ayis 6unaoxie He3poujers neperomis nposooUIacy
3a kaacugixayicto Weber-Cech. Jocnioxcysanuce nayicnmo3anexcni gaxmopu (6ix
X60p020, cmamv, MOMOHONAMNHA, 3N0BICUBANHA  ANKO20LeM, HAOMIDHA  6d2d,
34CmOoCy8anHa HeCmePOiOHUX NPOMUSANANLHUX 3AC0018, KOMOPOIOHICMY). Pe3yasmamu
ma ix 002080penna: Kinvkicmy 6undaokie He3poujens y 4ol08iKie nepesancan 6
nopieuanmi 3 acinkamu. ON20NAACMUMHULL U0 He3POujeHHa Nepesuwuyeas iniui 6Uou
nopyuers 3pouyerna Kicmoxk. Biomiuaemusca nepeoinviuients anaacmusno20 He3pouerits
nepenomi6 Nae4o60i KiCmiu Y HIHOK, ON8 HUNCHIX KIHYI6OK Haliuacmiue 6i00Y8a4a0Cs
ONI20NAACIMUYHE HEe3DOUCHHS NePeeadcHo Y HoA06iKi6. linepniacmuvmne He3poujerns
BUKTIIOYHO NePEeBANCAE 6 2DYNE Ce2MEeHMIE HUNCHIX KIHYIBOK. CMAMUCMurMHull anais
(paxmopie PuuKy He3poujerma 0eMOHCMPYE 6eAUKULL 6NAUE PAKMOPI6 KYPIHHA ma
304CMOCYBANHA  HeCMePOIOHUX NPOMUSANANLHUX  3ac00i6. Bucnosxu: Kypinna ma
BHCUBAHNA HECEPOIOHUX NPOMUSANANGHUX 3ACO0I8 € OCHOBHUM O0NCePENOM BNAUBY
Ha POPMYBAMH He3DOUjeHHs Nepesomie 0082ux Kicmox. Po3nodin npoznocmuynux
paxmopie na PoPMYBaAHHL HECHPABHHLO20 CY200a 3G MOPPONOIMHUMU OSHAKAMU
8KA3YE HA  O0HODIOHY MEHOCHUIIO DAMICYBAMHA 34  HACMYNHUMU  HANPAMKAMU:
Hecmepoioni npomu3ananvii 3acoou, 6ix, Kypinua, cmams, KOMOPOIOHICMb, ANKO20b.
Busnavenns ma panircy8anns yux Gaxmopie 00360aums chopmy8amis moune yAeieHns
AK 08 KAHIYH020 MOOCTIOBARNA XE0P020 3 HECTPABICHIM CY2N000M 0062UX KICMOK, MAK
I 0218 BUSHAYUCHHA IX NPOZHOCMUYHO20 BNAUBY 0% KOHKDEMH020 KMHIYH020 6UNAOKA.

Kntouoei cnoea: nepenom 0062ux KiCmox, He3pOueHHs nepesomis, 0cmeocunmes,
NAYIEHMOIANCHCHT PAKMOPU DUSUK).

36



