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Introduction Posttraumatic osteoarthritis of the wrist (WOA) is of importance among the diseases of the proximal hand. There are few 
studies in which the dependence between clinical and morphological parameters in patients with posttraumatic osteoarthritis due to a non-
united fracture of the scaphoid was studied. Purpose To identify the dependence between several clinical parameters on the one hand and 
morphological parameters of the wrist tissue condition, on the other hand, in patients with consequences of scaphoid nonunion. 
Materials and methods Material were 94 resected samples of the wrist tissues that included the scaphoid obtained from 55 patients in 
whom the WOA was associated with the consequences of scaphoid fracture nonunion. The following parameters were studied: anamnesis 
and symptoms, roentgenometric and morphological findings that were graded. Correlation dependence between them was also investigated. 
Results Pathological changes in the wrist tissues were characterized by qualitative and quantitative varieties. They were the consequences of 
traumatic blood supply disorders in the scaphoid and joint capsule. They manifested themselves as inflammatory, productive-reparative and 
dystrophic-destructive changes (DDC). Maximum values of Pearson’s association coefficient were revealed between the parameters: time 
since injury – scaphoid surface DDC in pseudoarthrosis zone (ra = + 0.438; p < 0.01); pain – scaphoid osteonecroses (ra = +0.320; p < 0.05); 
wrist contracture – hypertrophy of the villi of the wrist capsule synovial layer (ra = +0.320; p < 0.1). Conclusion Pathohistological and 
morphometrical studies allowed us to reveal some previously unknown differences and dependences important for understanding the 
pathogenesis, improvement of diagnosis and prediction of the WOA course which was a result of scaphoid fracture nonunion. 
Keywords: wrist, scaphoid nonunion, wrist osteoarthritis, clinical parameters, morphological parameters, correlation dependence 

 

INTRODUCTION 

Wrist joint pathology, its diagnosis and management of 
its consequences are current problems in hand surgery. Wrist 
joint osteoarthritis (WOA) is a challenging condition among 
the diseases of the proximal hand involving single or several 
bones. According to many authors, consequences of scaph-
oid fractures are one of the causes in the development of 
posttraumatic WOA. Their clinical manifestations are a per-
sistent pain in the hand, especially when the hand is loaded, 
and biomechanical wrist disorders [1, 2, 3, 4, 5]. 

Expressiveness of pathological morphological 
changes in the joint tissues in WOA varies from case to 
case and reflects the effects of a number of pathological 
factors: severity and topography of the primary injury, 
time since the injury, therapy measures after the injury 
and surgical interventions, associated disorders of joint 

biomechanics and inflammation processes [6, 7]. There 
are few available studies on this problem that diversely 
characterize the condition of the wrist joint tissues such 
as joint surfaces and scaphoid spongiosa as well as the 
joint capsule. Correlation between clinical manifesta-
tions in the patients with the affected wrist joint and 
morphological parameters that characterize the condi-
tions of the affected tissues has not been studied yet. 

Study purpose To establish the dependence be-
tween some of the clinical symptoms on the one hand 
and morphological parameters of tissue condition on the 
other hand with the study of pathological morphological 
changes in the tissues of the wrist joint in patients with 
the consequences of scaphoid fractures using a graded 
quantification of clinical and morphological findings. 

MATERIAL AND METHOD 

The material for pathomorphological study were 94 
fragments resected from the wrist joint tissues, and in 
particular: fragments of the scaphoid bone (39 samples), 
semilunar bone and several other bones (12 samples) and 

joint capsule (43 samples) that were obtained during cor-
rective surgical interventions in 55 patients who had 
WOA associated with nonunion after scaphoid fractures. 

Informed consents on the use of medical findings were 
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received prior to the study from all the patients included. 
Parameters of clinical and radiographic findings 

were recorded one to 2 days prior to surgical interven-

tions with the methods common for this pathology and 
with the use of measurement devices that passed a met-
rological checking (Table 1). 

Table 1 

Distribution of clinical cases according to grading of clinical, clinical visualization and biomechanical parameters in patients with 
scaphoid fracture nonunion 

Parameter Grading and some statistical data 

Number of biop-
tates referred to 
each grade from 
the total number 
of informative 

bioptates 

Incidence of 
specific morpho-
logical parame-
ter grading, % 

from the number 
of informative 

bioptates 
Anamnesis parameters 

Patients age at time of wrist injury 
(years)  

Low grade (younger or equal to 25 years) 
Mean and standard error = 21.62 ± 0.55 29 50.88 

High grade (more than 25 years) 
Mean and standard error = 35.11 ± 1.78 28 49.12 

Time since wrist tissues injury 
(months) 

Low grade (less than 24 months) 
Mean and standard error = 8.34 ± 0.96 29 50.88 

High grade (equal or more than 24 months) 
Mean and standard error = 73.00 ± 12.28 28 49.12 

Mechanical injury impact force  

No evident mechanical injury in the anamnesis  18 29.51 
Low energy trauma: fall on the hand from standing or walk-
ing position  36 59.02 

High energy trauma: fall on the hand while running, sport activi-
ties, fall from height  7 11.47 

Symptoms 

Intensity of pain (DASH scale, 
according to Duppe et al. [4]  

Low grade: weak pain 9 16.36 
Mild: moderate pain  19 34.54 
High grade: severe pain 27 49.10 

Soft tissue swelling in wrist area 
(points)  

Low grade: some pitting edema, evening of wrist contours  19 38.00 
Moderate grade: evident edema but skin folds visible  17 34.00 
High grade: glossy skin, skin folds invisible  14 28.00 

Wrist capsulitis (points)  

Low grade: no visible joint defiguration  11 23.91 
Moderate: visible hypertrophy of the capsule and joint defig-
uration, solitary ganglion associated with arthritis 15 32.61 

High grade: evident joint deformity, painful hypertrophy of 
capsule, protrusions on the palmar, radial and dorsal surfac-
es, multiple ganglions  

20 43.48 

Wrist contracture  
Low grade: range of motion 90 degrees and more  17 31.48 
Moderate: range of motion between 40 and 90 degrees  16 29.63 
High grade: range of motions less than 40 degrees  21 38.89 

WOA grade according to clinical 
visualization (Watson, Ballet [8]) 

WOA signs absent (grade 0)  19 32.21 
Grade I 13 22.03 
Grade II 15 25.42 
Grade III 12 20.34 

Functional disorders (deficit) of the 
wrist joint (DASH scale), points 
(Hudak et al. [9])  

Low grade (less than 40 points ) 
Mean and standard error = 30.63 ± 1.28 29 56.86 

High grade (more than 40 points) 
Mean and standard error = 47.89 ± 1,23 22 43.,14 

Roentgenometric findings 

Radial-to-semilunate angle (de-
grees, Linscheid et al. [10])  

Low grade (less than 20 degrees) 
Mean and standard error = 7.59 ± 1.08 27 57.45 

High grade (more than 20 degrees) 
Mean and standard error = 27.60 ± 1.71 20 42.55 

Index of wrist joint height 
(Youm et al. [11]) 

Low grade (index more than 0.50) 
Mean and standard error = 0.517 ± 0.025 21 44.68 

High grade (index equal or lower than 0.50) 
Mean and standard error = 0.487 ± 0.028 26 55.32 

Relative length of the scaphoid 
compared with the contralateral 
one, % 

Low grade (more than 90 %) 
Mean and standard error = 93.34 ± 0.41 23 58.97 

High grade (less than 90 %) 
Mean and standard error = 84.32 ± 1.17 16 41.03 
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Indication for surgical interventions was a symp-
tomatic pseudarthrosis of the scaphiod bone associat-
ed with a corresponding clinical and radiographic 
findings: pain, deformities and shortened scaphoid in 
a number of cases, aseptic necrosis of its fragments, 
intermediate fragment instability in extension, and 
wrist osteoarthritis (scaphoіd nonunіon advanced 
collapse, SNAC) [12]. 

Removed fragments were used as whole pieces for a 

histological study, without their grinding. Tissues were 
fixed in 10% formalin, decalcified in a 5% solution of 
nitric acid, embedded in celloidin. Slices, 10 µm thick, 
were obtained, stained with hematoxylin and eosin and 
hematoxylin-picrofuxin according to van Gieson. Histo-
logical study was performed with Olympus СХ-41 and 
MBS-2 microscopes. Histopreparations were photo-
graphed in a macro-regime on the microscope Olympus 
СХ-41 with Nikon D90 camera. 

RESULTS 

Incidence of specific grading of various clinical, 
radiographic and skiagraphic parameters in our patients 
with WOA associated with scaphoid nonunion after 
fracture is given in Table 1. 

Histopathology of the articular surface Different 
grades of dystrophic and destructive changes (DDC) were 
observed in the areas of the scaphoid articular surface, 
from moderate (Fig. 1) to severely expressed ones (Fig. 2). 

In a low articular surface DDC grade that corre-
sponded to WOA grade I, the hyaline articular cartilage 
(AC) was preserved. However, it had inconsiderable 
dystrophic changes in the matrix and fibrosis of the su-
perficial AC layer. In a moderate DDC grade, destruc-
tion of the tissues of the superficial and partially of the 
intermediate AC zone was observed. The cartilage ma-
trix contained vertical and horizontal fissures while 
there were portions of chondronecrosis in the areas of 
the preserved cartilage, manifestations of marked matrix 
dystrophy, and chondrocyte proliferate clusters. In se-
vere grades of AC dystrophy and destruction, AC was 
completely or almost completely collapsed. Remnants 
of a severely dystrophic AC were present on the articu-
lar surface or the surface was formed by sclerotic ex-

posed bone. In several cases, proliferate nodes of the 
cartilage tissue were seen in the subchonral spongiosa, 
portions of fibrosis in the bone marrow cavities and 
vascular canals as well as small cysts with a serous 
mixoid content. 

Histology of the pseudoarthrosis surface The main 
variants of the pseudarthrosis surface structure were as 
follows: 

• Surface with a prevalence of a non-uniform struc-
ture of the cartilage tissue with signs of chondrocyte 
proliferation (Fig. 2, Fig. 3);  

• Surface covered by flattened fibrous tissue of uneven 
thickness (Fig. 4); 

• Uneven surface that was non-uniformly formed of 
sclerotic bone tissue. 

End bone plate of the pseudartrosis surface was fre-
quently absent or had an irregular structure with intersti-
tial osteonecrosis, non-uniform osteosclerosis and areas 
of bone resoption that reflected the condition of reor-
ganization that continued. Swollen fibrous bone marrow 
was seen in the scaphoid bone marrow cavities that lay 
in the direct proximity to the pseudarthrosis surface. 
Osteoclasts were frequent on the surfaces of trabeculae. 

  
Fig. 1 Low grade changes in the scaphoid articular surface: AC 
is almost completely preserved. Pseudarthrosis surface contains 
bony and cartilaginous outgrowth (arrow). Photo of a scaphoid 
histopreparation of patient D., 30 y.o.; 4 months since injury. 
Hematotoxylin and eosin stain; Magnification 15 × 

Fig. 2 Scaphoid articular surface represents exposed bone tissue 
(red arrow); pseudarthrosis surface has outgrowth of cartilage 
tissue (blue arrow). Photo of a scaphoid histopreparation of pa-
tient I., 27 y.o.; 24 months since injury. Hematotoxylin and eo-
sin stain; Magnification 15 × 
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Fig. 3 Pseudarthrisis surface (blue arrow) is partially covered 
with a destructed cartilage tissue. Articular cartilage (red arrow) 
is well preserved. Photo of a scaphoid histopreparation of pa-
tient X., 40 y.o.; 12 months since injury. Hematotoxylin and eo-
sin stain; Magnification 24 × 

Fig. 4 Interstitial osteonecrosis of the scaphoid spongiosa bars; 
fibrous bone marrow is seen in bone marrow cavities. Pseudar-
throsis surface (arrow) is covered with a thin layer of fibrous 
tissue. Photo of a scaphoid histopreparation of patient S., 65 
y.o.; 4 months since injury. Hematotoxylin and eosin stain; 
Magnification 80 × 

Histopathology of spongy bone tissue In some 
bone trabeculae, there were small interstitial necroses 
presented as groups of empty osteocytic lacunas. In 
such bars, the superficial bone plates formed layers 
with vital osteocytes. If the necrosis areas occurred 
regularly in numerous trabeculae it corresponded to 
the moderate grade of the parameter. In several 
scaphoids, the osteonecrosis areas were rather ex-
tended (Fig. 4). Thereby, there were medullary ne-
crosis areas in the bone marrow and/or fibrosis with 
middle size loops – the combination of such signs 
corresponded to a high grade of the parameter ex-
pressiveness. Signs of ongoing and/or completed re-
modeling of lamellar bone tissue seen as cemental 
lines of fancy drawing (Fig. 5) were revealed in the 
scaphoid spongyosa if osteonecrosis foci were large. 

Histopathology of the joint capsule The synovial 
layer of the joint capsule (JC) developed the villi of dif-
ferent sizes. In several cases, the synovial volli were 
rather small and not high and slightly protruded over the 
synovial layer surface. In other cases, the villi were of 
high outgrowth over the surrounding surface. Fibrosis of 
the proper plate and its assimilation with the nearby 
areas of the fibrous layer was observed in the wrist syn-
ovial membrane capsule. Areas of nonspecific produc-
tive inflammation with hyperemia of the microcircula-
tion flow of the proper plate and focal mononuclear 
plasmocytic infiltrates of various densities were seen in 
the synovial membrane of the majority of bioptates. In a 
small portion of the cases, hyperemia, desquamation of 
synoviocytes and inflammatory infiltration of JC corre-
sponded to exudative fibrinous inflammation (Fig. 6). 

  
Fig. 5 Signs of completed remodeling in the scaphoid spongiosa 
bars: multiple cemental lines (arrow); fibrous bone marrow. 
Photo of a scaphoid histopreparation of patient Z., 18 y.o.; 24 
months since injury. Hematotoxylin and eosin stain; Magnifica-
tion 80 × 

Fig. 6 Non-specific high activity synovitis: absent coating of 
synoviocytes; accumulations of fibrinous exudate lie on the sur-
face (arrow). Photo of a wrist capsule histopreparation of patient 
R., 41 y.o.; 156 months since injury. Hematotoxylin and eosin 
stain; Magnification 160 × 
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Correlative dependence between clinical and 
morphological parameters Distribution of clinical 
biopsy cases according to the expressiveness grading of 

several morphological parameters is given in Table 2. 
Correlation relationship between clinical and morpho-
logical parameters is shown in Table 3. 

Table 2 
Distribution of clinical biopsy cases according to the grading in the expressiveness of several morphological parameters that evaluate 

the pathological changes in the wrist tissues in patients with scaphoid fracture nonunion 

Morphological parameter  Description of pathological expressiveness changes corre-
sponding to grades or alternative conditions 

Number of bioptates 
referred to each 

grade from the total 
number of informa-

tive bioptates 

Incidence of specific 
morphological pa-
rameter grading, % 
from the number of 

informative bioptates 
Dystrophic destructive 

changes (DDC) in the 

scaphoid joint surface – 

corresponding to osteoarthri-

tis grades (Mohr [13]) 1) 

Low grade: DDC corresponds to osteoarthrosis Grade I 1) 12 28.57 

Moderate grade: DDC correspond to osteoarthritis Grade II 17 40.48 

High grade: DDC correspond to osteoarthritis Grade III 13 30.95 

Dystrophic destructive 

changes (DDC) in the 

scaphoid pseudarthrosis 

surface  

Low grade: proliferative cartiloginous tissue prevails on the 

pseudarthrosis surface 
17 48.58 

Moderate grade: flattened fibrous tissue prevails on the 

pseudarthrosis surface and covers bone structure surface 
9 25.71 

High grade: areas of exposed bone structures prevail on the 

pseudarthrosis surface 
9 25.71 

Osteonecrosis in the spongi-

osa of affected scaphoid  

Low grade: small degree interstitial osteonecrosis in the 

thickness of bone trabeculae and cortex 
12 25.53 

Moderate grade: big-sized interstitial osteonecrosis occupies 

a considerable volume in bone trabeculae and cortex 
17 36.17 

High grade: big focal osteomedullary necrosis 18 38.30 

Hypertrophy and hyperplasia 

of volli and synoviocytes  

Absent or low grade: solitary volli that slightly protrude 

over the synovial membrane surface 
21 58.33 

High grade: high volli that outgrow to a considerable height 

and volume 
15 41.67 

Activity of nonspecific wrist 

synovitis  

Absent or low grade inflammation: synovial cover is pre-

served completely, mononuclear infiltration is of small foci 

and not dense 

34 69.39 

Moderate grade: marked vascular hyperemia in the synovial 

membrane; expressed leucocytic plasmocytic infiltration but 

not draining 

12 24.49 

High grade: expressed inflammatory exudative changes 

associated with fibrin layers on the surface; sharp hypere-

mia of the synovial membrane vessels, marked discharging 

leucocytic plasmocytic infiltration 

3 6.12 

Notes: 1) – osteoarthritis grading according to Collins-Otte (см. Mohr [13]). 
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Table 3 

Correlative relationship between clinical and morphological parameters of pathological changes in the wrist tissues in patients with post-
traumatic scaphoid nonunion (correlation of clinical manifestations and morphological findings) 

Clinical parameters (grading, 
see Table 1)  Morphological findings (grading, see Table 2)  

Pearson’s correlation coefficient and its reliability 

n, number of 
recorded 

cases with 
both parame-
ters findings 

rа 
* 

Assessment of reliability 
rа by k=n-1; number – 

error probability by 
assessment of the pa-

rameter 

Time since injury DDC in the scaphoid pseudarthrosis surface 1) 32 +0.438 <0.01 

Impact force of trauma mecha-

nism  
DDC in the scaphoid pseudarthrosis surface 1) 34 –0.245 NR 

Intensity of pain  Osteonecrosis 2) 41 +0.320 <0.05 

Expressiveness of capsulitis  
DDC in the scaphoid pseudarthrosis surface 1) 26 +0.283 NR 

Inflammation activity in the synovial layer 3) 37 +0.211 NR 

Contracture  Synovial layer volli hypertrophy 4) 31 +0.320 <0.1 

Relative length of the scapoid  
DDC of the scaphoid articular surface 2) 25 –0.263 NR 

DDC in the scaphoid pseudarthrosis surface 2) 21 +0.234 NR 

Notes: * rа – table contains only the pairs of parameters with an absolute value of correlation coefficient >|0,2|; k – number of freedom grades (k=n-1) 
by assessment of rа with Student’s test; р – error probability by calculation of rа correlation; 1) – two grades of the parameter (grades of expressive-
ness): 1) cartilage tissue – 2) fibrous tissue or exposed bone tissue. 2) – two grades of the parameter (grades of expressiveness): 1) low or mild (mod-
erate) – 2) high; 3) – two grades of the parameter (grades of expressiveness): 1) absent or low – 2) moderate or high; 4) – two grades of the parameter 
(grades of expressiveness): 1) low – 2) high; NR – differences not reliable due to number of cases (p>0,1). 

The prevailing number of parameter pairs (Table 3) 
showed low parameters of the correlation coefficient 
that are in the range of very weak values (lower than 0.3 
in an absolute value). Only three pairs of parameters 
studied showed the correlation coefficient absolute val-
ue in the range from 0.3 to 0.5: 

• Time since injury – DDC in the scaphoid pseudar-
throsis surface. Correlation is positive, highly reliable 
and proves that almost in the half of the scaphoid non-
union cases the time since injury correlates with high 
grade of DDC in the scaphoid pseudarthrosis surface, 
that is fibrosis or sclerosis and exposure of the bone end 
plate;  

• Intensity of pain – scaphoid osteonecrosis. Corre-
lation is positive, reliable and proves that in one third of 
the cases the severity of pain in the wrist joint area cor-
relates with the size of osteonecrosis in the scaphoid 
bone, that is high intensity of pain is associated with 
large foci of spongiosa osteonecrosis; 

• Severity of wrist joint contracture – hypertrophy of 
volli in the wrist synovial membrane capsule. Correla-
tion is positive with a probability of error of the correla-
tion coefficient p<0.1, or the wrist contracture of high 
grade correlates with an expressed hypertrophy of the 
volli in the wrist synovial layer capsule in one third of 
patients. 

DISCUSSION 

The clinical and morphological study conducted by 
us confirmed the involvement of a number of pathologi-
cal joint components in the formation of the complex of 
changes that finally may results in WOA after scaphoid 
fractures and nonunion [3, 14]. First, those are circula-
tion changes in the scaphoid bone tissue. Vascular dis-
orders probably occur in the first hours following the 
mechanical trauma and are directly caused by the rup-
ture or compression of the vessels that supply blood to 
the wrist bones because they are of small size and easy 
to injure [2, 15]. Acute damage to vessels, and primarily 

to arteries, that penetrate the bone on the surfaces that 
lack articular cartilage would cause the foci of acute 
ischemia in the bone marrow and bone tissue. The final 
size of the foci of ischemic osteomedullary necrosis will 
depend on the ability to compensate the disturbed blood 
supply from the collateral sources in the first hours after 
the injury. As far as the potential sources of this collat-
eral blood supply to the injured bone used to be injured 
as well due to trauma, it is obvious that ischemic osteo-
medullary necroses of the scaphoid might develop. 

Each scaphoid fracture is unique in regard to the 
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damage to bone blood supply sources after the lesions 
of the articular capsule, interosseous ligaments and oth-
er structures. It was indirectly confirmed by the varia-
tions in the topography and sizes of osteomedullary ne-
croses as well as by a different character of the necrosis 
focus organization process and by formation of the 
pseuarthrosis surface structure that were revealed by us. 
The features of the latter also show considerable varia-
tions that include formation of immature cartilage tis-
sue, irregular fibrous coating or complete exposure of 
the sclerotic bone end plate. 

DDC of the articular surface of the scaphoid and 
other wrist bones are a remote consequence of the injury 
to joint structures, including scaphoid fractures, and are 
considered as manifestations of the advanced WOA [1, 
8, 14]. Both the disorders in the joint biomechanics that 
are associated with the scaphoid nonunion after fracture, 
and a chronic inflammatory process in the joint capsule 
play their role in WOA pathogenesis [16, 17]. Grading 
of the main morphological parameters of the joint struc-
tures, in particular correlation of the specific grading 
incidence encountered (Table 2), was defined by us 
with the use of a rather big morphological material. Cor-
relations between them and a number of clinical param-
eters such as anamnesis findings, symptoms and roent-
genometric data that comprehensively characterize the 
wrist joint in the posttraumatic period were studied. 
However, it appeared that a number of clinical parame-
ters do not show close and reliable correlations with the 

morphological parameters of the scaphoid tissue and 
joint capsule injury. The correlation associations that 
have the biggest absolute values were established for 
pairs of clinical signs-morphology and are presented in 
Table 3. 

Several authors noted the difficulties in defining 
SNAC stages in the regular radiographs [18]. This does 
not completely correspond to the pathomorphological 
changes that correspond to the grading of DDC in the 
wrist tissues in such patients. The findings about a weak 
and unreliable correlation between clinical-radiographic 
and histological WOA signs obtained by our study indi-
rectly confirm the difficulties of giving an objective 
assessment of the wrist joint tissues condition in WOA. 

Some studies of clinical and morphological relation-
ships in WOA defined the risk factors and prognostic 
parameters of degenerative changes that develop [19]. 
However, the authors used only the radiographic meth-
od for assessment of scaphoid bone tissue condition. 
The closest correlation was found by the authors be-
tween the location of the fracture in the proximal scaph-
oid third and fragment instability. The mean values of 
intercarpal angles increased with the DDC progression 
but their parameters did not discover a reliable correla-
tion with the nonunion duration as well as for cases 
treated and untreated. The correlations found allowed 
the authors to recommend the measures for restoration 
of carpal stability with surgical interventions that unite 
the fragments in order to prevent WOA [20]. 

CONCLUSIONS 

1. Clinical manifestations of posttraumatic changes 
in the scaphoid bone caused by its nonunion vary in the 
majority of the parameters. The most common symp-
toms are severe pain, high expressiveness of capsulitis, 
wrist contractures and reduction in the index of wrist 
joint height. 

2. Pathological changes in the wrist tissues are char-
acterized by a variety of qualitative and quantitative 
parameters, are consequences of acute traumatic disor-
ders in blood supply to the scaphoid and joint capsule, 
and are manifested by dystrophic destructive, produc-
tive reparative and inflammatory processes. 

3. Maximum values of correlation (according to the 
correlation coefficient) are revealed in the paired pa-
rameters “clinical manifestation-morphology”: 

• Dependence is positive and highly reliable for cor-
relation: time since injury – DDC of the scaphoid 
pseudarthrosis surface 

• Dependence is positive and reliable for correlation: 
intensity of pain – scaphoid osteonecrosis 

• Dependence is positive with a probability of the 
coefficient of correlation error <0.1 for correlation: se-
verity of wrist joint contracture – hypertrophy of volli in 
the wrist synovial membrane capsule 
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