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Background and purpose — Premature physeal closure 
(PPC) is a common and concerning complication to distal 
femoral fractures as the distal growth plate accounts for 70% 
of the growth of the femur. The literature is not unanimous in 
determining the risk factors of PPC, and the epidemiological 
characterization of these fractures is limited. Our aim was to 
calculate the population-based incidence and investigate risk 
factors for PPC in these fractures.

Patients and methods — In this register-based study, 
between 2014 and 2021, 70 children with distal femoral 
physeal fractures presented to our hospital. Demographic 
data, and fracture- and treatment-related details were col-
lected using the Kids’ Fracture Tool. A directed acyclic graph 
(DAG) was constructed to determine confounding factors 
used in the risk analysis.

Results — Physeal fractures of the distal femur occurred 
with an annual incidence of 6/105 children, and a result-
ing PPC occurred in 16/70 (23%) with an annual incidence 
of 1.3/105 children. In multivariable analysis, dislocation 
exceeding 10 mm was a risk factor for PPC (OR 6.3, CI 
1.4-22).

Conclusion — One-fourth of distal femoral physeal 
fractures developed PPC. Greater dislocation and higher 
injury energy were significant risk factors, whereas choice 
of fracture treatment was not an independent risk factor. All 
patients with PPC belonged in the age group 11–16 years.

Physeal fractures of the distal femur are infrequent fractures 
in children, accounting for 0.3–1.4% of all physeal fractures 
in children [1-3]. Mechanism of injury often involves high-
energy trauma, with the most common injury mechanisms 
being motor vehicle accidents (MVA), sports-related acci-
dents, and falls [4-6]. The fractures exhibit exceptionally high 
complication rates, most commonly premature physeal clo-
sure (PPC), which has been reported to occur in up to 21–35% 
of patients [4-8]. 

A number of predictive factors have been assessed for the 
development of PPC, and predictive factors that have shown 
statistical significance in some studies include Salter-Harris 
classification, age, dislocation, surgical fixation techniques, 
and treatment strategy (surgical vs. conservative) [4,6,9-11]. 

Being rare, the epidemiological data on these fractures is 
limited, and the literature is not unanimous in determining 
predictive factors for PPC of the distal femur [5,7,8,11,12]. 
We aimed to estimate the population-based incidence, char-
acterize the epidemiology, and evaluate predictive factors of 
PPC in distal femur fractures in children. We hypothesized 
that physeal fracture classification, primary dislocation, and 
choice of treatment would be risk factors for PPC.

Patients and methods

New Children’s Hospital is the only tertiary level hospital in 
the Helsinki capital area and the only hospital providing on-
call pediatric orthopedic treatment in Finland. We performed 
a register-based study including  all children (< 16 years old) 
who presented with a physeal fracture of the distal femur. 
Patients were identified using the Kids’ Fracture Tool, which is 
an electronic pediatric fracture register (New Children’s Hos-
pital, Helsinki, Finland, and BCB Medical, Turku, Finland) 
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where all children’s fractures have been collected and evaluated 
prospectively in Helsinki area since 2014. The patient’s data 
is entered into the registry when the patient is admitted to the 
emergency room, and additional data on treatment and recov-
ery is added at all phases of treatment. The information added 
to the registry is futhermore revised by a pediatric orthopaedic 
surgeon and a radiologist. 70 consecutive distal femoral physeal 
fractures treated at New Children’s Hospital between 2014 and 
2021 were identified (Figure 1). Physeal fractures were classi-
fied according to Peterson [13] (Figure 2), and all patients had a 
minimum of 6 months of radiographic follow-up. 

Demographic data including age, sex, mechanism of injury, 
site of the fracture, and associated injuries was registered from 
the Kids’ Fracture Tool and patient medical records [14]. Frac-
ture morphology and degree of dislocation in anteroposterior 
(AP) and sagittal planes were recorded from primary radio-
graphs. Both the proportional size in relation to physeal width 
(%) and absolute (mm) size of the Thurstan–Holland fragment 
were registered. Fracture energy was registered in 3 catego-
ries: low-energy, moderate energy, and high-energy fractures. 
Fractures estimated to have injury energy equivalent to falling 
at ground-level were classified as low-energy fractures, while 
those estimated to have injury energy equivalent to a motor 
vehicle accident (MVA) of under 30 km/hour, bike accident, 
or falling from a moderately elevated setpoint were classified 

as moderate energy fractures. High-energy fractures were esti-
mated to have injury energy equivalent to an MVA of over 30 
km/hour or falling from a substantial height (> 3 m). 

Method of treatment, number of procedures, surgical meth-
ods (closed vs. open reduction; type of osteosynthesis), hos-
pitalization period, and immobilization type and length were 
registered from the Kids’ Fracture Tool and patient medical 
records. Fracture- and treatment-related complications were 
also recorded. Development of PPC was evaluated from 
follow-up radiographs and CT images. PPC was defined as 
the presence of a physeal bar/bony bridge on CT in patients 
with no signs of normal physiological physiodesis. Patients 
undergoing lateral plate fixation over the physeal line were not 
included in the premature physeal closure group as all these 
patients were reaching skeletal maturity at the time of initial 
fracture treatment.

Statistics
The number of under 16-year-old children during the study 
period was collected from the statistical yearbooks of Helsinki 
[15] to calculate a population-based annual incidence of phy-
seal fractures. Patients with missing data were excluded from 
analysis. Categorical variables were presented in counts and 
percentages. For risk factor analysis, we first performed uni-
variate binary logistic regression analysis, after which poten-
tial variables were selected for the multivariate logistic regres-
sion analysis. Odds ratios with 95% confidence intervals (CI) 
were calculated for each risk factors. A directed acyclic graph 
(DAG) was created to demonstrate causal pathways and to 
reduce bias in covariate selection, for which we used DAGitty 
3.0 software (available at https://dagitty.net. Released Janu-
ary 9, 2019). We selected covariates according to a method 
proposed by Shrier and Platt [16], and separate multivariable 
models were performed for each tested variable based on the 
DAG. SPSS 27.0.1 (IBM Corp, Armonk, NY, USA; released 
November 3, 2020) was used for the statistical analysis, and 
p-values of less than 0.05 were considered statistically sig-
nificant. This article was reported in accordance with the 
STROBE guidelines.

Ethics, funding, and disclosures 
The study protocol was approved by the Helsinki University 
Hospital Review Board (Dnr 365/13/03/03/2015). The authors 

Physeal fractures of the distal femur 
treated at New Children's Hospital 

between 2014 and 2021
(ICD-10 diagnosis S72.4,
S72.7, S72.8, and S72.9)

n = 219 

Excluded (n = 149):
– non-physeal fracture, 112
– osteochondral fractures 
   after patellar dislocation, 28
– ligament avulsions, 9

Physeal fractures
of distal femur

n = 70

Immobilisation
with cast

n = 48

Surgically
treated
n = 22

Figure 1. Patient flowchart.

Figure 2. Demonstrative radiographs describing the Peterson fracture classification.
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Results

During the study period, 70 children with physeal distal femo-
ral fractures presented to our clinic, with a median age of 11.0 
years (range 0.4–15.8), resulting in a population-based annual 
incidence of 6/105 (CI 5.6–6.8) children. 50/70 (71%) of frac-
tures were sustained in boys, yielding a ratio of 2.5:1. 

Most fractures resulted from traffic accidents 17/70 (24%), 
followed by falls on the same level 14/70 (20%), and tram-
polines 12/70 (17%). 9/70 (13%) fractures were sustained 
by children with an illness affecting normal musculoskeletal 
integrity, and the injury mechanism was unknown in 3 of them 
(Table 1). Patients were transported to the hospital by ambu-
lance in 42/70 (60%) cases (Table 1). 11/70 (16%) patients 
suffered other fractures at the time of injury. 

Peterson II (40/70) was the most common fracture type 
(Table 1). There was an increasing trend in the children’s age 
according to Peterson classification (P < 0.001). Peterson I and 
II fractures were more likely to be sustained in low to mod-
erate injury energy settings, while Peterson fractures III–V 
occurred only in older children and had more severe injury 
energy (P < 0.001).

5/70 (7.1%) had fracture reduction done before the first 
radiographic examination. In the primary radiographs, 42/70 
(60%) fractures were minimally displaced (≤ 2 mm). 28/70 
(40%) fractures were displaced (> 2 mm): 15/28 in both coro-

nal and sagittal planes, 6/28 in the coronal plane only, and 
7/28 in the sagittal plane only. Posterior displacement was 
most common (n = 17), followed by valgus (n = 14), varus (n 
= 7), and anterior displacement (n = 5). The median coronal 
displacement was 15 mm (range 3–91), and the median sag-
ittal displacement was 5 mm (range 3–57). The median size 
of the Thurstan–Holland fragment was 16 mm (range 4–55), 
representing 29% (range 7–74) of the physeal width in the 
coronal view. 

All patients were treated within 24 hours from the injury. 
48/70 (69%) were treated conservatively with a cast: 42 cast in 
situ, 4 with reduction and cast, and 2 with manipulation under 
anesthesia. These patients had a median coronal and sagittal 
displacement of 1 mm (ranges 0–11 and 0–10) in relation to 
the physis. The surgically treated group had a median coronal 
displacement of 14 mm (range 0–91) and sagittal displace-
ment of 5 mm (range 0–57). Peterson classification reflected 
treatment strategy as well as injury energy (Figure 3). 

During the follow-up, physeal closure was noted in 24/70 
(34%) patients. 16/70 (23%) were diagnosed with PPC, while 
in 8 children, the physeal closure was deemed physiological. 
Of the 16 children diagnosed with PPC, 8 had a surgical inter-
vention to impede either angular deformity or leg length. The 
median age of these 16 patients at the time of the fracture was 
14 years (range 11.7–15.3). The population-based incidence of 
distal femur PPC was 1.3/105 children (Table 2, see Appendix).

Only 1 patient developed a clinically significant leg length 
discrepancy and was surgically treated with limb-lengthening 
surgery 42 months after the injury (Patient 8, Table 2, see 
Appendix)). 6 patients were treated with contralateral epiphys-
iodesis and 1 with epiphysiodesolysis (Patients 1–7, Table 2, 
see Appendix)). No corrective osteotomies were done. The 

Table 1. Etiological characteristics of physeal fracture patients 

 Mechanism of injury
     Median Fall from Injury energy  Associated 
Fractures n %  age (range) same  height Traffic Trampoline Sport  Other Low Moderate Severe injuries

Peterson I 11+2 a 19   5.1 (0.4–13.6) 5  1 4  3 10 2 1 
Peterson II  33+7 a 57  10.3 (0.7–15.8) 7 3 5 7 11 4+3 b 25 12 3 2
Peterson III    4 6  15.0 (11.9–15.2)   3 1   1  3 1
Peterson IV    4 6  12.2 (9.8–14.8) 1  3    1  3 3
Peterson V   9 13  15.1 (12.4–15.7) 1 2 5  1  1 3 5 5
Total 70 100 10.8 (0.4–15.8) 14 5 17 12 12 7+3 b 38 17 15 11
             
a 9 children had an illness affecting normal musculoskeletal integrity. 
b Exact injury mechanism could not be expressed by parents in 3 children and were presumably sustained in a low-energy injury setting, as all 

3 patients were either infants or in a wheelchair.

Peterson I
n = 13

Cast (n = 11):
– low, 9
– moderate, 2
– severe, 0

Surgery (n = 2):
– low, 1
– moderate, 0
– severe, 1

Peterson II
n = 40

Cast (n = 32):
– low, 23
– moderate, 7
– severe, 2

Surgery (n = 8):
– low, 2
– moderate, 5
– severe, 1

Peterson III
n = 4

Cast (n = 1):
– low, 1
– moderate, 0
– severe, 0

Surgery (n = 3):
– low, 0
– moderate, 0
– severe, 3

Peterson IV
n = 4

Cast (n = 2):
– low, 1
– moderate, 0
– severe, 1

Surgery (n = 2):
– low, 0
– moderate, 0
– severe, 2

Peterson V
n = 9

Cast (n = 2):
– low, 1
– moderate, 0
– severe, 1

Surgery (n = 7):
– low, 0
– moderate, 4
– severe, 3

Figure 3. Peterson fractures’ treatment distribution and reported injury energies in each treatment class.
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remaining 8 children with PPC had too little growth left to 
develop a clinically significant deformity (Patients 9–16, 
Table 2, see Appendix)). 

A directed acyclic graph was constructed to demonstrate the 
causal pathways and to identify confounders and reduce bias 
in covariate selection (Figure 4). The results of the univariable 
analysis are presented in Table 3. In the multivariable analysis, 
dislocation in the primary radiographs (> 10 mm) was a signifi-
cant risk factor for PPC (OR 6.3, CI 1.4–22). There were no neu-
rovascular injuries or compartment syndromes in this cohort.

Discussion 
Aim of this study 
We found an annual incidence of 6/105 children, which to 
the best of our knowledge has not been previously reported. 
One-fourth of these children developed PPC despite treat-
ment within 24 hours, giving an estimated annual incidence 
of 1.3/105 children. Lower trauma energy was associated with 
lower Peterson classification. Those treated surgically were 
older, had more likely sustained higher energy injuries, and 
had larger dislocation. Primary dislocation (> 10 mm) and 
higher injury energy were statistically significant risk fac-
tors for PPC, and all patients with PPC were in the age group 
11–16 years. 

Comparisons
Consistent with earlier reports, PPC following physeal frac-
ture was not uncommon, occurring in 23% of cases (16/70), 
compared with the most recent reports of 21–35% [4-8]. In 
support of our findings, Bellamy et al. and Garret et al. found 
higher fracture energies to be associated with physeal bar 
formation [7,8]. The degree of dislocation in the predicament 
of complications is also supported by other authors [9,11,12]. 
Fracture energy and dislocation are closely related and seem 

intuitive as predictive factors for PPC, as high-energetic and 
dislocated fractures are more likely to cause more extensive 
physeal injury and disruption of physeal vasculature, which 
could contribute to the development of PPC.

The number of reduction attempts has been suggested as 
a risk factor for PPC. The number of patients with multiple 
attempts was low and statistical conclusions could not be 
made. Of note, consultant surgeon status statistically corre-
lated with the development of PPC. However, this could be 
attributable to selection bias as the more experienced surgeons 
are more likely to operate on the more challenging trauma 
patients with higher injury energy and more dislocation, and 
who probably have an increased risk of PPC to begin with. 

The number of fractures with Peterson III–V morphologies 
was too limited to draw reliable statistical conclusions, but 
it seems that Peterson classification correlates with PPC risk. 
Arkader et al. found Salter-Harris classification to be a signifi-
cant predictor for both outcome and complications and find-
ings by Garrett et al. were also in support of this [4,8]. How-
ever, several authors have failed to show this association [5-7]. 

Injury
energy

Other
considerable

injuries

Delay to
treatment

Di	culty 
of closed
reduction

Fracture
stability

Remaining
growth

Method of
treatment

Primary
dislocation

Surgeon
status

Recidual
dislocation

Reduction
attempts

Premature
physeal closure

Fracture
morphology

Age

Figure 4. Demonstration of causal pathways behind PPC.

Table 3. Risk of PPC and univariable binary logistic regression analysis

Factor PPC a Odds ratio (CI) P value

Age at time of injury   
 0–5 0/18 (0) Reference 
 6–10 0/12 (0) 1
 11–16 16/24 (40) 1.07e+9 
Injury energy:   
 Low 2/36 (5.3) Reference 
 Moderate 7/10 (41) 13 ( 2.5–70) 0.004
 High 7/8 (47) 16  (2.7–90) 0.002
Primary treatment    
 New Children’s’ Hospital 9/33 (21) Reference
 Secondary care clinics 7/19 (27) 1.3 (0.4–4.2) 0.01
 Private clinics 0/2 (0) 0 
Peterson fracture class 
 I 0/13 (0) Reference 
 II 9/31 (23) 3.4 (0.3–30) 0.2
 III 3/1 (75) 36  (1.7–757) 0.02
 IV 0/4 (0) 0 
 V 4/5 (44) 9.6 (0.8–108) 0.06
Dislocation b    
 0–2 mm 3/46 (6.1) Reference 
 2–10 mm 2/5 (29) 6.1 (0.8–45) 0.07
 >10 mm 11/3 (79) 26  (9.9–117) < 0.001
Number of reduction attempts   
 1 9/49 (16) Reference 
 2 7/3 (70) 13  (2.7–58) 0.001
 3 1/1 (50) 5.4 (0.3–95) 0.2
Treatment method    
 Cast in situ 2/40 (4.8) Reference 
 Closed reduction and cast 0/6 (0) 0 
 Osteosynthesis 14/8 (64) 35  (6.6–184) < 0.001
Surgeon status    
 Resident 1/29 (3.3) Reference 
 Fellow 9/17 (35) 15  (1.7–132) 0.1
 Consultant 6/8 (43) 22  (2.2–207) 0.007

a Number of adverse events/predisposed (% adverse events of total)
b Maximum dislocation on either the AP or lateral primary radiographs. 
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The majority of our patients (42/70) were treated non-sur-
gically. Treatment of unstable, dislocated Peterson II and III 
fractures is likely the most controversial, as the management 
without internal fixation is highly prone to re-displacement, 
whereas internal fixation requires a physeal-crossing tech-
nique in Peterson III fractures and those Peterson II fractures 
with a too small Thurstan–Holland fragment for fixation [17]. 
4 of our patients were treated with physeal crossing pins, 3 of 
whom developed PPC (Table 2). Arkader et al. found a higher 
incidence rate of complications occurring when the physis was 
violated by hardware, while some authors argue that usage of 
smooth pins would be unlikely to cause the PPC [8,17].

The surgical treatment approach displayed statistical signifi-
cance in risk of PPC compared with non-surgical treatment. 
However, selection bias is again likely to affect the findings 
as the surgically treated patients were more likely to sustain 
high-energy fractures with greater dislocation. Previous stud-
ies have displayed essentially unchanged complication rates 
despite different treatment approaches [4-6,8]. Thus, it seems 
that the etiological factors such as injury energy and disloca-
tion have more significance in the development of PPC than 
the treatment strategy itself. It is challenging to evaluate the 
effect of treatment strategy on the risk of PPC. This is due to 
insufficient number of patients for multivariate analysis in the 
current and previous studies, and because fracture energy and 
dislocation seem to both predict the PPC risk and to guide 
treatment strategy.

The physis of the distal femur accounts for 70% of the 
growth of the femur and 37% of the total growth of the lower 
extremity, making these fractures susceptible to clinically sig-
nificant growth disturbances, especially if sustained at a young 
age [18]. Fortunately, only 1 patient with PPC suffered from 
a clinically significant growth disturbance, as all our patients 
who sustained PPC were older children (> 11 years) approach-
ing skeletal maturity. 

In addition to PPC, other complications that have been 
reported regarding physeal fractures of the distal femur 
include stiffness, ligamentous injuries, and, rarely, compart-
ment syndrome and peroneal nerve neuropraxia [4-6,10]. None 
of our patients suffered from neurovascular complications or 
compartment syndrome. 

We have decided to use the Peterson classification instead 
of the Salter-Harris at our clinic as it is more comprehen-
sive, considering how frequently Peterson I fractures occur. 
Although we could not draw statistical conclusions concern-
ing the predicament of PPC according to the Peterson clas-
sification, many of our findings supported Peterson’s aim to 
create a classification that reflected the severity of the phy-
seal injury: Peterson III–IV patients sustained injury in more 
high-energy settings, had more associated injuries and were 
more likely to be surgically treated compared with patients 
with Peterson I and II fractures (Table 1). Moreover, the clas-
sification reflects the age of the patients as young children 
are more prone to sustain injuries in the metaphysis, in con-

trast to older children who tend to have more intra-articular 
involvement.

Strengths and limitations 
This is a register-based study with limitations. First, a few 
children might have been treated elsewhere in the Helsinki 
area, which may affect the incidence. However, physeal frac-
tures of the distal femur are almost invariably treated at our 
tertiary level university hospital. Even though the primary 
care would have been done elsewhere, the follow-up visits are 
also included in our register. Thus, the basis for an approxima-
tion of the population-based incidence is solid. Second, the 
reliability of statistical conclusions that can be made is inher-
ently limited by the small number of patients in our study, 
even if it represents one of the largest patient series on this 
fracture type. Third, initial dislocations are prone to error as 
we can only assess them from primary radiographs. Fourth, 
assessment of injury energies is based on subjective judgment, 
and it is challenging to categorize patients reliably in injury 
energy groups and to compare injury energies between stud-
ies. Finally, the children suffering from lower-extremity phy-
seal fractures are evaluated for physeal growth disturbances 
after 6 months at our clinic. 

The strengths of our study include the prospective data col-
lection using the Kids’ Fracture Tool, which has been shown 
to collect comprehensive data accurately during the entire 
treatment [14]. We considered the use of relative risk instead 
of odds ratio (OR) but, taking into consideration that we 
decided to use the DAG methodology, logistic regression was 
used. Furthermore, this is a retrospective (case-control) study, 
where OR was used as a measure of the strength of association 
between the exposure and outcome. Our outcome is binary, 
which is easier to interpret in odds-ratio terms: the effect of 
an explanatory variable is multiplicative on the odds and thus 
leads to an odds ratio. However, it should be noted that rela-
tive risk has been used in similar study designs [19]. 

Conclusions 
Physeal fractures of the distal femur occurred with an esti-
mated annual incidence of 6/105 children, and a resulting PPC 
occurred in 23% of these fractures with an estimated annual 
incidence of 1.3/105 children. Etiological factors such as dis-
location exceeding 10 mm and higher fracture energy were 
found to be significant risk factors and seem to have more sig-
nificance in the development of PPC than the treatment strat-
egy itself. 

S-TK: study design, data acquisition, manuscript preparation. TL: study 
design, data acquisition, manuscript preparation. HV: study design, manu-
script preparation. IH: study design, manuscript preparation. AS: study 
design, data acquisition, manuscript preparation.
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Acta thanks Torsten Backteman, David Little, and Søren Kold for help 
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Table 2. Patient characteristics of patients who developed PPC 

               
    Peterson  Dislocation Thurstan–Holland
    fracture Mechanism (mm) fragment Treatment Procedure  Growth
Case Sex Age class of injury AP    Sag. (% of physeal width) method due to PPC disturbance a 

1 Girl 12.5 II Fall on same 23 3 10 mm (11) Physeal crossing pins Physiodesis distal Insignificant
    level     femur, contralateral
2 Boy 14.2 II Moped 2 2 26 mm (29) Cast Physiodesis distal  Insignificant
         femur, contralateral 
3 Girl 11.7 II Trampoline 17 57 8 mm (10) Physeal crossing pins Physiodesis distal LLD 7 mm 
         femur, bilateral
4 Boy 14.7 V Soccer 91 29  Physeal crossing pins  Physiodesis distal LLD 7 mm
         femur, contralateral 
5 Boy 15.2 V Motor sled 15 22  Physeal crossing pins Physiodesis distal LLD 10 mm 
         femur, contralateral
6 Boy 12.6 II Downhill 44 38 55 mm (62) Screws Physiodesolysis LLD 10 mm 
    skiing     distal femur, ipsilateral Valgus 5°
7 Boy 13.9 II Soccer 1 0 12 mm (13) Cast Physiodesis distal LLD 20 mm 
         femur, contralateral  
8 Boy 13.8 V Fall 44 2  K-wires Limb lengthening LLD 38 mm 
9 Girl 12.5 II Bike 3 0 34 mm (39) Screws  Insignificant
10 Boy 15.2 II Ice hockey 37 29 44 mm (52) Screws  Insignificant
11 Boy 14.7 II Ice hockey 29 5 42 mm (50) Screws  Insignificant 
12 Boy 15.3 II Moped 20 2 40 mm (44) Physeal crossing pins  Insignificant 
13 Boy 15.2 III Moped 22 30  Physeal crossing pins  Insignificant 
14 Boy 15.4 III Run over 13 3  Physeal crossing pins  Insignificant 
15 Boy 14.8 III Motocross 0 6  Physeal crossing pins  LLD 10 mm 
16 Girl 12.4 V Car collision 4 2  Physeal crossing pins   LLD 20 mm 

a The LLD (leg length discrepancy.) and angular measurements represent the discrepancy before any additional surgical procedures. 
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