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PURPOSE This study investigated the effect of non-linear periodization strength
training on basic and professional fitness of national cross-country skiers.
METHODS The body composition (height, weight, BMI, body fat %), basic physical
strength (grip strength, lung capacity), anaerobic power (peak power, average
power), graded exercise test (maximum heart rate, running time, VO,max, lactic
acid), isokinetic strength (trunk strength), and 1RM (bench press, dead-lift, squat,

shoulder press, leg curl, bicep curl, cable triceps extension) of nine national cross-
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country skiers (male: 5, female: 4) were measured. All analyses were performed
using SPSS 25.0, Kruskal-Wallis H tests were applied to observe the changes by
training methods. Mann-Whitney U tests were used as Post Hoc. RESULTS The
results indicated that running time and VO,max post-test improved compared
to that for the pre-test for graded exercise test. The lumbar extension strength of

the post-test was higher than that for pre-test. There was no significant difference
in other variables. CONCLUSIONS It is suggested that nonlinear periodization
strength training can be expected to improve running time, VO,max, and trunk
strength for cross-country athletes; however, it does not affect the overall changes.
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Table 1. Characteristic subjects (meanzSD)
Variables Male (n=5)  Female (n=4)  Total (n=9)
Age (years) 24.8+3.25 28.0+7.97 26.2+6.05
Height (cm) 173.3£8.91 161.3+4.79 167.9+9.48
Weight (kg) 69.8+6.31 51.72£3.00 61.8+10.35
BMI 23.2+0.76 19.941.13 21.8+1.91
Fat (%) 14.0+3.39 19.945.22 16.9+£5.21
MMP (%) 48.9+1.06 44.243.44 46.8+3.37

% MMP: muscle mass percentage

. - National Cross-country Skier
Subject = (Male: 5, Female: 4, Total: 9)
g
Characteristic o - Height (cm), Weight (kg), BMI,
Fat (%)
U
Fitness test o : Hand. grip strength, Pulmonary
function
‘ Anaerobic test ‘ = ‘ - Peak power, Average power
g

- HRmax, Running time, VO,max,
Lactic acid (All out, 3, 5, 15,
30min)

Aerobic test =

| Isokinetic test | = | - Lumbar (30, 120, 180%sec) \
g

- Bench press, Dead-lift, Squat,
Shoulder press, Lat pull-down,
Leg extension, Leg curl, Biceps
curl, Cable triceps extension

1RM test =

Fig 1. Laboratory process
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d& 95l 1RM(repetition maximum) AAFE AAJSHAT &4
Z71= Bompa(1999)8} Hoff et al.(1999)9] A+-E 7|22 84
st o, WXL A(Bench press), Bl=8] ZE(Dead-lift), 2
FAE(Squat), &6 ZH A(Shoulder press), FETh(Lat pull-
down), #19]AEIA(Leg extension), d1A(Leg curl), BFo]A]
2A(Biceps curl), Alol& EE}OH:]* o]~ HlA(Cable triceps
extension)< A YsFA . APIFL2 (Figure 2)°} 2t} 105 ©
o= F Wy 534 E]EH‘:_%}% 7|1z5t0] ;oA AASHAL U=
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29| o] tIE E3(double poling) 52l &

429l IS & 5 Atk AAISE A+ (Losnegard et al., 2011;
@steras et al., 2002) ¥ A4l £ 9] HsH= SHME JL7tof|A] AT=
B Al oA 84S SHAIZIt= A (Losnegard et al., 2011;
@fsteng et al.,, 2017)F 7]23to] Fst3lth BT A5 HA 9
4 2 AFE A3 AAS 9%t ute] 9 Zgto| e EY EHS
T840 M (Everett, 2016; Ra et al., 2012), 24A], st E ) 7
Al 472 Everett(2016)0] AAIZE W8 7| Zoto] Aottt Al
£l A9l ¢ Tsatsouline(2006)7} Lake & Lauder(2012)9]
TE AR FokE AAstelon, AlSo] 70kg oiFD A4 10kg,

Warm-up prior to testing by running &
stretching for 10~15 minutes

1| 1~1.5 minute resting

Begin the first set with 6~10 reps at 50%
of anticipated 1-RM

0 1~1.5 minute resting

Begin the next set with 3 reps at 80% of
anticipated 1-RM

3 2~3 minute resting

Near-maximum load to complete ~3 reps
by adding 5~20kg

l S minute resting

Load increase by adding 5~20kg,
followed by a 1RM attempt

4 4

Return

Fail S minute resting  Success
1

Decrease the load by 5~10kg, followed
by a 1RM attempt

Fig 2. TRM test process
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Table 2. Strength, power, plyometric & core training program

Strength training Power training Plyomtric training Core training
- Bench press - Power clean - Ankle hops with rubber cone - Prone bridge (SE)
- Dead-lift - Snatch (side to side) - Side bridge (SE)
- Squat - Kettle-bell swing - Medicine ball overhead throw - T rotation (DE)
- Shoulder press % Load set - (front) - Long lever crunch (DE)
- Lat pull-down - Snatch - Vertical jump (consecutive) - Twist on ball (DE)
- Leg extension = squat IRMx0.6~0.65 : Standipg long jump (consecutive) - Skier crunch (DE)
- Leg curl - Clean - Squat jump
 Biceps curl _ = deadlift IRMx0.7~0.75
- Cable triceps extension - Power clean
= clean IRMx0.8~0.9
- Kettle-bell swing
= 70kg > body mass => 16kg
= 70kg < body mass => 12kg
% SE: static exercise, DE: dynamic exercise
Table 3. Strength, plyometric & core training protocol
. . Main program
Sort Anatomical adaptation - -
First Second Third
Period 1~5week 6~20week
Emphasis Muscle & Posture adaptation  Hypertrophy & Endurance Maximal strength Muscular power
. PT (I) : 30~60% RM
~60)° R0, 00
Intensity 50~60%RM 67~80%RM 85~93%RM PT (II) : Non-WB
.. PT (I) : 3~6rep
Repetition 15~20rep 8~10rep 3~5rep PT(II) : 10~20rep
PT (I) : 3sets
Set 2sets 3sets 3sets PT(II) : 2sets
PT (I) : 180sec
Rest between set 60sec 60sec 120sec PT (II) : 90~120sec
Frequency 2 d-wk-1 (Every other day) 3 d-wk-1 (Every other day)
Contraction velocity Slow to moderate Slow to moderate Slow to moderate High
.. - SE : 2setx60~120sec - SE : 2setx60~120sec
Core training

- DE : 2setx10~20rep

- DE : 2setx10~20rep

% RM: repetition maximum, WB: weight bearing, rep: repetition, d: day, wk: week, PT(I): power training, PT(II): plyometric training, SE: static

exercise, DE: dynamic exercise

70kg oI5l A% 12kgE -85ttt o] THL] 2 Faries &
Greenwood(2007)2] 148 Fa1stglon, FA&E 271, 545
4708 FA51t T T2 7132 (Table 2)9}F 2t}

Z715 28 m2ag 74

#7153t 29 T2 8L Bompa(1999)2} Ra et al.(2012)9] 1S
7|22 sttt &5 2 A F&, SHld A7, Hdidg
S A= Ho|E Edold SAES E85t3on, Iuty A2
9] 9 Eeto]uET ZHo] HLH It olEEHoo|d] A5
1~105F Atolofli= 9719] 52 AR F &5t o, Futro de

Flolv
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A0 A% 6~205 Atolo] Aol Elom, A AR} Al AR &
Al AP et T T2 EZL (Table 3)3} 2t}
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Table 4. The result of each test

. Male Female
Variable - - - -
First Middle Last First Middle Last
Hand grip Rt (%BW) 69.6+7.17 75.3+7.83 80.5+8.33 56.6+8.60 61.0£8.29 67.845.26
Hand grip Lt (%BW) 64.7+10.24 72.0+5.74 74.5+7.42 59.0£5.43 59.8+7.41 65.844.79
FVC (ml) 4924.0+595.81  4886.0+£721.15  4954.0+644.22  3364.84280.18  3332.5+298.11  3310.0+£357.07
FEV1 (ml) 4216.0£740.91  4024.0+761.44  4094.0+767.17  3112.5£343.32  3020.0£320.00  3094.3+349.03
FEVI/FVC 83.4+5.46 81.845.27 82.2+6.43 92.3+2.77 90.34+2.59 91.3+1.92
Anaerobic PP (%BW) 14.6+1.76 15.0+1.17 14.8+2.25 11.1+0.93 10.8+0.53 11.3£1.02
Anaerobic AP (%BW) 8.840.56 9.1+0.75 9.3+0.73 7.2+0.40 7.3+0.47 7.4+0.57
HRrest (beat/min) 75.2413.38 64.249.33 69.2+7.57 73.0£13.40 66.8+8.95 58.3+10.40
HRmax (beat/min) 192.848.42 190.6+9.39 194.4+11.25 190.3+12.12 188.0+15.76 188.5+13.01
Running time (sec) 1149.2+31.35 1222.4428.51 1284.2428.17 968.0+39.57 1043.3+38.45 1091.0+£30.43
VO,,..x (ml/kg/min) 62.6+2.61 67.143.21 71.6+5.13 55.3+4.11 59.6+4.11 63.9+5.51
La Rest (mmol/L) 1.58+0.35 1.34+0.38 1.51+0.16 1.76+0.24 1.54+0.29 1.81+0.40
La_AO (mmol/L) 11.4+1.78 11.1£2.10 10.5+1.77 9.5+0.88 10.0£1.41 9.9+1.16
La AO_3min (mmol/L) 11.7£3.75 12.242.64 11.0£2.33 9.7+1.33 8.44+4.29 9.9+0.91
La AO_5min (mmol/L) 11.6+2.60 12.3+2.34 11.8+1.60 9.8+1.41 7.9+3.76 9.6+1.20
La AO_15min (mmol/L) 9.1£3.09 9.6+2.74 8.5+2.03 7.1£1.45 7.6£1.29 7.241.25
La AO_30min (mmol/L) 7.1+0.59 5.9+2.46 5.5+1.19 5.2+1.12 5.3+0.84 4.6£1.00
15min Recovery (%) 22.0+20.99 17.0+10.40 25.9+21.70 33.6+10.99 28.3+8.78 31.3£17.05
30min Recovery (%) 54.6+13.50 55.7+12.59 4294891 64.8+8.76 55.249.90 55.8+14.07
LF 30°/sec (%BW) 272.4+15.00 286.6+10.97 311.8+15.01 253.0+12.31 271.8+7.76 288.3+7.50
LE 30°/sec (%BW) 335.849.72 367.4+55.06 396.4+22.88 390.3+45.86 369.0+£36.23 400.8+41.03
LF 120°sec (%BW) 435.6+51.70 385.0+26.03 440.8+22.46 333.0+12.77 327.5+19.82 334.5+33.71
LE 120%sec (%BW) 502.8+82.07 512.4+41.82 526.2+42.61 467.0+21.95 405.5+55.15 461.0+48.18
LF_180°/sec (%BW) 5296.44+361.83  5425.84444.46  6273.84316.10  4112.0£29535  4598.5£331.94  4867.5£319.29
LE 180°%sec (%BW) 5510.84516.97  6317.0£845.59  6334.2£594.58  4519.5£558.82  4415.0£599.76  5194.5+£642.36

% Rt: right, Lt: left, FVC: forced vital capacity, FEV1: Forced Expiratory Volume in 1 second, PP: peak power, AP: average power,
VE: ventilation, HR: heart rate, La: lactic acid, AO: all out, LF: lumbar flexion, LE: lumbar extension

7 BEHAE Sk o] APHHA AHE W

=) off v E44 BARHE] Kruskal—Wallis

A=o x%.g_f‘,—]-%gtl:], A H 52 Mann- Wh1tney Uds= 4
o

2 28 ACRHR), F10FAP), 20
B535}0] (Table 4)0] A|A|5H}.

29 A8 A5 A 8159 vistkE AHS A3t AR EAZE
(27=6.099, p=.047), FhAita4dHH(x*=6.834, p=.033), 30-180°
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-
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Table 5. The mean difference of each test
Tests
Variable - - Chi-square P Post-hoc
First (A) Middle (B) Last (C)
Hand grip Rt (%BW) 63.8+10.80 68.9+11.37 74.8+10.1 3.842 .146 NS
Hand grip Lt (%BW) 62.1+£9.45 66.6+9.35 70.6+8.16 3.728 155 NS
FVC (ml) 4136.6+1079.64 4195.6+1019.73 4223.3+1036.29 042 979 NS
FEV1 (ml) 3769.9£745.70 3577.7+832.81 3649.7+840.47 266 .876 NS
FEVI/FVC 87.8+7.09 85.6+6.37 86.2+7.10 1.069 .586 NS
Anaerobic PP (%BW) 13.1+£2.41 12.9+2.45 13.3£2.66 135 935 NS
Anaerobic AP (%BW) 8.1+0.99 8.3+1.14 8.46+1.25 961 .619 NS
HRrest (beat/min) 74.2+14.25 65.3+9.81 64.3£11.10 2.760 252 NS
HRmax (beat/min) 191.9+10.75 189.4+13.46 191.8+13.17 143 931 NS
Running time (sec) 1068.7+102.56 1142.8+100.81 1198.3£106.43 6.099 .047 A<C
VO, (ml/kg/min) 59.445.25 63.8+5.50 68.2+6.95 6.834 .033 A<C
La Rest (mmol/L) 1.64+0.35 1.43£0.38 1.66+0.34 2.330 312 NS
La AO (mmol/L) 10.6+1.77 10.6+2.01 10.3£1.65 213 .899 NS
La AO_3min (mmol/L) 10.8+3.26 10.5+4.18 10.5+2.04 702 704 NS
La_AO_5min (mmol/L) 10.8+£2.48 10.4+£3.97 10.8+1.92 131 937 NS
La AO_15min (mmol/L) 8.2+2.84 8.7+2.56 7.9£1.95 .596 742 NS
La AO 30min (mmol/L) 6.2+1.36 5.6£2.06 5.1+1.26 3.109 211 NS
15min Recovery (%) 27.1+19.34 22.0+11.89 28.3+21.16 1.802 406 NS
30min Recovery (%) 59.1+13.47 55.4+12.17 48.7+13.95 3.284 .194 NS
LF 30%sec (%BW) 263.8+17.92 280.0+12.90 301.3+17.97 13.369 .001 AAE;C
LE 30°/sec (%BW) 360.0+43.98 368.11+£50.52 398.3+34.26 5.798 055 NS
LF 120°/sec (%BW) 390.0+68.38 359.4+39.22 393.6+63.42 1.563 A58 NS
LE 120°sec (%BW) 486.9+69.33 467.9+76.08 452.8+147.57 451 798 NS
LF 180°/sec (%BW) 4770.0+£717.71 5058.1£607.19 5648.8+814.11 6.002 .050 A<C
LE 180%sec (%BW) 5070.2+772.10 5471.7+1277.36 5827.7+887.74 3.176 204 NS

% Rt: right, Lt: left, FVC: forced vital capacity, FEV1: Forced Expiratory Volume in 1 second, PP: peak power, AP: average power,

VE: ventilation, HR: heart rate, La: lactic acid, AO: all out, LF: lumbar flexion, LE: lumbar extension
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