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Abstract

The objective of this study was to analyze the kinematic and kinetic characteristics of two 
horticultural activities: seed sowing and planting plant. Thirty-one male university students 
(aged 26.2 ± 2.0 years) participated in this study. Kinematic factors (movement times, peak 
velocity, joint angles, and grasp patterns) were assessed using a three-dimensional motion 
analysis system while the subjects performed the horticultural activities. Kinetic factors 
(muscle activation of eight upper-limb muscles: the anterior deltoid, serratus anterior, upper 
trapezius, infraspinatus, latissimus dorsi, biceps brachii, brachioradialis, and flexor carpi 
radialis) were assessed using surface electromyography. The acts of seed sowing and planting 
plant were comprised of five tasks which included six types of phases: reaching, grasping, 
back transporting, forward transporting, watering, and releasing. The movement times, peak 
velocity, joint angles, and grasp patterns were significantly different across the tasks involved 
in the horticultural activities. All eight muscles of the upper limbs were utilized during the 
horticultural activities, and the muscle activation of the serratus anterior was the highest 
compared to that of the other muscles tested. The kinematic and kinetic characteristics of these 
horticultural activities showed similar characteristics to reaching and grasping rehabilitation 
training and daily living activities. The present study provides reference data for common 
horticultural activities using a kinematic and kinetic analysis.

Additional key words: electromyography, gardening, horticultural therapy, physical 
rehabilitation, three-dimensional motion analysis

Introduction

Horticultural therapy is defined as an intervention using horticultural activities for clients with 

special needs who are being treated by a professional therapist (Relf, 2008; Son et al., 2016). It has been 

used for therapeutic purposes in various populations with special needs. A recent review article reported 

the positive effects of horticultural therapy and horticultural activity programs on physical, 

psychological/emotional, social, cognitive, behavioral, and educational aspects (Park et al., 2016a). In 

order to explain the therapeutic mechanisms of horticultural intervention, horticultural activity is a 
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major parameter in the interventions that need to be analyzed by using scientific methods in terms of physical, psychological, 

social, and cognitive aspects.  

Previous few studies have been conducted to determine the therapeutic mechanisms of horticultural interventions in 

physical aspect. Various indoor and outdoor horticultural activities have been previously classified as low to high intensity 

energy-consuming physical activities (Park et al., 2011, 2013a, 2014a). Moreover, horticultural activities are weight-bearing 

motions that use upper and lower limb muscles, as well as hand muscles (Park et al., 2013b, 2014b). Accordingly, horticultural 

interventions are associated with various positive physical health effects such as improved cardiovascular endurance, 

muscle strength, physical functional ability, hand function, bone mineral density, increased high-density lipoprotein (HDL) 

cholesterol, decreased blood pressure, and waistline assessments (Bassey and Ramsdale, 1995; Park et al., 2009; Kelley et 

al., 2013; Park et al., 2016b). Furthermore, horticultural therapy programs have been shown to improve muscle strength and 

the range of motion in the upper limbs (arm and shoulder) during the rehabilitation of patients who have suffered a stroke 

(Lee et al., 2012); however, there is still lack of studies to explain the therapeutic mechanisms of horticultural interventions. 

A more precise understanding of the human motions involved in horticultural activities will enhance our understanding 

of their physical therapeutic mechanisms; therefore, an analysis of their kinematic and kinetic characteristics is needed 

(Shumway-Cook and Woollacott, 2001; Whittle, 2002). Kinematic analysis is an objective method used to analyze the 

physical characteristics of motions such as movement times, velocity, and joint angles (Shumway-Cook and Woollacott, 

2001; Whittle, 2002), while kinetic analyses are used to assess the power of the human body, such as muscle activation, 

torque, and moment (Robertson et al., 2013). Kinematic and kinetic analyses have been broadly applied to the analysis of 

human motions during motor skills development or rehabilitation therapy, in the fields of medicine, rehabilitation, 

biomechanics, and sports (Keogh and Reid, 2005; Baker, 2006; Kuo et al., 2011).

The objective of the current study was to examine the kinematic and kinetic characteristics of two common horticultural 

activities, sowing seeds and planting plant, during normal movement without any physical restraints, in order to provide 

reference data from healthy control subjects.

Materials and Methods

Subjects

The research volunteer list of Konkuk University, Seoul, South Korea, was used to recruit a convenience sample of male subjects 

in their 20s. Researchers contacted male university students by phone or through face-to-face contact, providing explanations 

regarding the objective of study, procedures, schedule, and requirements. Inclusion criteria included no prior surgery of the upper 

limbs or spine within five years, an absence of musculoskeletal or neurological problems, and right hand dominance (Murphy et 

al., 2006). The final sample was composed of 31 male university students aged 26.2 ± 2.0 years, whose characteristics are presented 

in Table 1. The mean height and weight of the subjects was 174.2 ± 4.8 cm and 72.4 ± 7.5 kg, respectively, giving a mean body 

mass index of 23.5 ± 2.4 kg·m2, which is within the normal range (WHO, 2012). 

All subjects completed a consent form before participating in the study. At the completion of the study, the subjects received 

20,000 Won as an incentive. This study was approved by the Institutional Review Board of Korea National Institute for Bioethics 

Policy (P01-201311-BM-02-02).
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Experimental Conditions and Initial Positioning

The study was performed in a motor mechanics laboratory at Konkuk University, which contained a desk (1.2 m x 0.8 m x 0.7 

m) and a height-adjustable stool were previously prepared in the laboratory. The average temperature and relative humidity in the 

lab during the experiment were 18.2°C ± 1.4°C  and 27.4% ± 7.6%, respectively (Model Acuba CS-201, Digital Hygro-

thermometer, Chosun, China). 

The initial positioning of the subjects before testing was in accordance with previous studies of motion dynamics and kinematics 

(Murphy et al., 2006, 2011; Yun et al., 2008) (Fig. 1). Each subject sat on the stool with their feet on the floor, and torso positioned 

Table 1. Descriptive characteristics of the participating male subjects (N = 31).

Variable Mean SD
Age (years) 26.2 2.0
Height (cm) 174.2 4.8
Body weight (kg) 72.4 7.5
Body mass index (kg·m–2) 23.5 2.4

Fat (g) 15.7 4.9
Lean (g) 53.1 4.0
Percent fat (%) 20.3 5.0

Arm length (cm)z 65.1 3.6
Initial position (°)

Shoulder (sagittal plane) (extension) 30.7 15.0
Shoulder (frontal plane) 24.3 7.1
Elbow (flexion) 91.0 17.5
Wrist (flexion) 9.8 6.4

zThe length of the arm was assessed as the distance from the right acromion to the middle finger of right hand (Roby-Brami et al., 2003).

Fig. 1. Experimental condition and initial positioning of participants and equipment.
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in the middle of the desk. The distance between the torso and desk was maintained at 15 cm. The right elbow joint of the subject 

was bent to 90 degrees, the right hand was placed on the desk with the palm facing the ceiling, and the wrist joint was placed in a 

neutral condition at 0 degree. The joint angles for shoulder, elbow, and wrist in the initial position were assessed using a three-

dimensional motion analysis system (Motion master 100, Visol, Gwangmyeongsi, South Korea). The left hand was resting 

on the lap.

Horticultural Activities

Two common horticultural activities, seed sowing and planting a plant, were selected for analysis as they have previously been 

shown to be commonly used in interventions for various populations (Park et al., 2016a). In order to ensure all subjects performed 

the horticultural activities in the same way, a standard operating procedure for the horticultural activities was previously developed 

by six experts in the field of horticultural therapy, horticultural science, and motion dynamics (Table 2, Fig. 3). A natural method 

that was as real as possible was recommended. The act of seed sowing was categorized into four types of tasks: positioning a tray, 

filling the tray with soil, sowing seeds in the tray, and watering the seeds using a spray bottle. Filling the tray with soil was performed 

twice; before and after the task of sowing seeds in the tray. The act of planting a plant was also categorized into four types of tasks: 

positioning a pot, filling the pot with soil, planting a plant in the pot, and watering the plant using a watering can. Filling the pot with 

soil was also performed twice; before and after the task of planting a plant in the pot. A demonstration and oral explanation were 

Table 2. Standard operating procedures for horticulture activity motions performed by the participants.

Horticultural activity motions Descriptions

Sowing seeds Filling a tray with soil, sowing seeds in the tray, and then watering the seeds in the tray with a spray bottle using the right arm 
and hand  

1. Positioning a tray 1) Reaching the right arm and hand to get a tray (54 cm x 28 cm x 5 cm, 72 plugs, 0.09 kg), 2) grasping the tray with the right 
hand, 3) back transporting to position the tray on the desk, 4) releasing the tray

2. Filling a tray with soil 1) Reaching the right arm and hand to get soil [7 Peatmoss (Sunshine Peat Moss, Sungro, MA, USA) : 3 perlite (New Pearl 
Shine, GFC, Hongseong, Korea)], 2) grasping the soil by the right hand, 3) back transporting to the tray, 4) releasing the soil

3. Sowing seeds in the tray 1) Reaching the right arm and hand to get seed, 2) grasping 3-4 seeds (Lactuca sativa; Asia Seed Co., LTD., Seoul, Korea) by 
the right hand, 3) back transporting to the tray, 4) releasing the seed to sow, 5) covering seeds with soil

4. Watering with a spray bottle
1) Reaching the right arm and hand to get a spray bottle (0.27 kg), 2) grasping the spray bottle with the right hand, 3) back 
transporting to the object needing to be watered, 4) watering (spraying water once only), 5) forward transporting to return the 
spray bottle, 6) releasing the spray bottle

Planting a plant Filling a plastic pot with soil, planting a plant in the middle of the pot, covering the root of the plant with soil, and then 
watering the plant with a watering can using the right arm and hand.

5. Positioning a pot 1) Reaching the right arm and hand to get a pot (10 cm, 0.01 kg), 2) grasping the pot with the right hand, 3) back transporting 
to positioning the pot on the desk, 4) releasing the pot

6. Filling a pot with soil 1) Reaching the right arm and hand to get soil (7 Peatmoss:3 perlite), 2) grasping the soil (0.23 kg) in the right hand, 3) back 
transporting to the pot, 4) releasing the soil

7. Planting a plant in a pot 1) Reaching the right arm and hand to get a plant, 2) grasping the plant (Spathiphyllum, length 21 cm) in the right hand, 3) 
back transporting to the pot, 4) releasing the plant, 5) filling soil around the plant (total height 28.7 cm)

8. Watering with a watering can
1) Reaching the right arm and hand to get a watering can (0.35 kg), 2) grasping the watering can with the right hand, 3) back 
transporting to the object needing to be watered, 4) watering, 5) forward transporting to return the watering can, 6) releasing 
the watering can
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provided by the researchers to each subject before the start of each activity. The subjects performed each horticultural activity twice 

with a 30 s resting period between each activity (Fig. 2). The total experimental time for each subject averaged 60 min. 

Fig. 2. Experimental procedure performed by male adults in their 20s to determine the kinematic and kinetic characteristics of 
two horticultural activities
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Fig. 3. Horticultural activities performed. A. The act of sowing seeds was categorized into four types of tasks: positioning a tray, 
filling the tray with soil, sowing seeds in the tray, filling the tray with soil again, and watering the seeds using a spray bottle. 
B. The act of planting plant was also categorized into four types of tasks: positioning a pot, filling the pot with soil, planting a 
plant in a pot, and watering the plant using a watering can. 
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Measurements

Subject Characteristics. Body composition [body weight (kg), percent fat, fat (kg), lean muscle (kg)] was assessed using a body 

fat analyzer (ioi 353, Jawon Medical, Gyeongsan, South Korea). Height was measured using an anthropometer (model ok7979, 

Samhwa, Seoul, South Korea). Body mass index was calculated using body weight and height [body mass index (kg·m-2) = weight 

(kg) / height (m)2]. The length of the arm was assessed as the distance from the right acromion to the middle finger of right hand 

using a tapeline (model Rollfix, Hoechstmass, Germany) (Roby-Brami et al., 2003). 

Kinematic Analysis. A three-dimensional motion analysis system (Motion master 100, Visol) was utilized for the analysis of 

kinematic factors, which included movement time, peak velocity, the joint angles of the right arm and hand, and grasping patterns. 

Four cameras (GR-HD1KR, JVC, Yokohama, Japan) were positioned around the testing area as shown in Fig. 1. The capture 

rate of the four cameras was 60 frames per second and the exposure time was 1/500 s. A standard calibration frame (2 m x 1 m x 1 

m) was placed in the testing area and recorded by the cameras for 1 min in order to provide a standard coordinate for data analysis. 

Eight spherical 16-mm reflective markers were attached to the skin with double-sided tape. The markers were positioned on the 

bony prominences in order to reduce the effect of skin movement and to facilitate marker replacement during repeated testing. The 

markers reflect infrared light from cameras flash, and these markers were used to generate a computer image of movement, as 

described previously (Murphy et al., 2006; Robertson et al., 2013). Eight positions were selected for marker placement based on 

previous motion dynamics studies for daily living activities and reaching-grasping rehabilitation training (Michaelsen et al., 2001; 

Murphy et al., 2006, 2011). These positions were: the head (the very top of the forehead), chin (the protuberance mentalis), chest 

(upper chest), right shoulder (center of the acromion), left shoulder (center of the acromion), right elbow (the lateral epicondyle and 

the ulna status), and the right hand (middle finger joint) (Fig. 4).

Kinetic Analysis. A portable eight-channel surface electromyography (EMG) device (Telemyo 2400 MR-XP, Noraxon, 

Scottsdale, AZ, USA) was utilized for the kinetic analysis of muscle activation. EMG is used to measure the electrical signal 

produced by skeletal muscle during muscular contraction (De Luca, 1997). EMG has been widely utilized to biomechanically 

analyze human and animal movements (De Luca, 1997; Bolgla and Uhl, 2007), and its reliability has been confirmed in many 

studies (Lim and Sherwood, 2005; Ochia and Cavanagh, 2007).

Bipolar surface EMG electrodes (Noraxon Dual EMG Electrode, Noraxon) were attached to eight muscles on the right upper 

limb (arm and shoulder): the anterior deltoid, serratus anterior, biceps brachialis, brachioradialis, flexor carpi radialis, upper 

trapezius, infraspinatus, and latissimus dorsi (Fig. 5). These muscles were selected as they have previously been shown to be 

functionally agonistic during horticultural activities, daily living activities, or reaching-gripping rehabilitation training (Falla et al., 

2007; Bonnefoy et al., 2009; Vandenberghe et al., 2010; Park et al., 2013b, 2014b). Muscle activation during the horticultural 

activities was continuously recorded (MyoResearch XP Clinical Edition 1.07, Noraxon). A synchronizer was used during data 

collection to combine the motion data with synchronized image photography and EMG data. 

Data Analysis

Kinematic Factors: Movement Times, Peak Velocity, Joint Angles, and Grasping Patterns. The recorded two-dimensional image 

photography data was digitized and converted into three-dimensional images using a direct linear transformation method (Abdel-

Aziz and Karara, 1971) with Kwon 3D software (XP 3D, Visol). The markers were displayed on the computer images and 

produced X (forward-back), Y (lateral), and Z (vertical) coordinate values for the measured motions (total 69,670 images).



Kinematic and Kinetic Analysis of Upper Limb Motions during Horticultural Activities

Korean Journal of Horticultural Science & Technology 946

Movement times were computed for each task and motion during the two horticultural activities. Velocities and peak velocities 

were analyzed for each task and motion, based on the data from the wrist marker as previously described (Michaelsen et al., 2004). 

Joint angles were measured by the position of the shoulder flexion and extension in the sagittal plane, the shoulder adduction and 

abduction in the frontal plane, the elbow flexion and extension, and the wrist flexion and extension (Fig. 4), as previously described 

(Michaelsen et al., 2001; Murphy et al., 2006, 2011). The shoulder angle was determined as the angle between the vector joining 

the shoulder and elbow markers, and the vertical vector from the shoulder marker towards the hip. The elbow angle was determined 

Fig. 4. A. Marker sites are shown as black dots for the capture of movement: (a) Head (very top of the forehead), (b) chin (the 
protuberance mentalis), (c) chest (upper chest), (d) right shoulder (center of the acromion), (e) left shoulder (center of the 
acromion), (f) right elbow (the lateral epicondyle), (g) right elbow (the ulna status), (h) right hand (the middle finger joint). B. 
Subject wearing the markers.
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Fig. 5. Shoulder girdle and arm muscles measured by electromyography during two horticultural activities: (A) anterior deltoid, 
(B) serratus anterior, (C) biceps brachialis, (D) brachioradialis, (E) flexor carpi radialis, (F) upper trapezius, (G) infraspinatus, (H) 
latissimus dorsi. Image generated using MyoResearch XP Clinical Edition 1.07 software (Noraxon, Scottsdale, AZ, USA).
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by the angle between the vector joining the elbow and wrist markers, and the vector joining the elbow and shoulder markers. The 

wrist angle was determined by the angle between the vector joining the elbow and wrist markers, and the vector joining the wrist 

and hand markers.

Grasping patterns were classified as lateral prehension, fingertip prehension, palmar prehension, or cylindrical prehension using 

the recorded video images, using the method described by Rönnqvist and Rösblad (2007). 

Kinetic Factors: EMG. Raw EMG data were filtered in order to remove noise using a bandpass digital filter with a cut-off 

frequency of 20 Hz (low) and 250 Hz (high) (Park et al., 2014b; Lee et al., 2015; Xie et al., 2016). In addition, the raw EMG data 

were converted to integrated EMG (IEMG) data using MyoResearch XP Master Edition software v1.07 (Noraxon) (Park et al., 

2014b). IEMG has been recommended as the preferred method to describe muscle activation using surface EMG (Morey-Klapsing 

et al., 2004; Kim et al., 2013). Normalization of EMG data is necessary because they can be affected by anatomic and physiologic 

factors in different muscles and individuals (Burden, 2010). EMG amplitude data can be normalized using the amplitude measured 

during the maximum voluntary contraction (MVC) of the targeted muscles (Mathiassen et al., 1995); thus, the MVC of the selected 

muscles was measured for each subject using a previously described method (Park et al., 2014b). This MVC value (set to 100%) 

was used to standardize the muscle activity values during the horticultural activities (% MVC IEMG).

Statistics. The kinematic and kinetic characteristics of the tasks and phases during the horticultural activities were compared 

using one-way analyses of variance (ANOVA) and Duncan’s multiple range tests conducted with SPSS (v18 for Windows; IBM, 

Armonk, NY, USA). In addition, Mann-Whitney U tests were performed for comparisons involving the phases of watering and 

forward transporting. The significance level was p < 0.05. Demographic data such as age, height, body weight, body composition, 

arm length, and the joint angles in the initial position were analyzed using Excel (Microsoft Office 2002; Microsoft Corp., 

Redmond, WA, USA). Because the repeated tasks of adding soil to the tray or pot were conducted using the same method and the 

data were same, the repeated data were combined during the analysis. Watering with a watering can or with a spray bottle included 

two more phases than the other tasks performed, so the statistical analysis for the total movement times during these activities was 

conducted separately.

Results

Phase Definitions for Horticultural Tasks

The two horticultural activities (seed sowing and planting a plant) each consisted of five tasks (Table 2, Fig. 3). The 

specific phases within each task were defined as reaching, grasping, back transporting, watering, forward transporting, and 

releasing. Most of the tasks performed included reaching, grasping, back transporting, and releasing; for example, the task 

of positioning a tray involved: 1) reaching the right arm to get a tray, 2) grasping the tray with the right hand, 3) back 
transporting to position the tray on the desk, and 4) releasing the tray. Watering with a spray bottle or watering can included 

two additional phases: forward transporting and watering. The tasks of watering were therefore: 1) reaching the right arm 

to get a spray bottle or watering can, 2) grasping the spray bottle or watering can with the right hand, 3) back transporting 

to the object needing to be watered, 4) watering, 5) forward transporting to return the spray bottle or watering can, and 6) 

releasing the spray bottle or watering can.



Kinematic and Kinetic Analysis of Upper Limb Motions during Horticultural Activities

Korean Journal of Horticultural Science & Technology 948

Movement Times 

The movement times for each task and phase were calculated for the two horticultural activities. Among the total of six 

different types of tasks with four motion phases, sowing seeds in the tray (3.40 ± 0.73 s) required significantly more time to 

perform compared the other five tasks (p = 0.001) (Table 3). In the tasks with six phases (watering with a watering can or a 

spray bottle), watering with a watering can (8.83 ± 1.87 s) required significantly more time to perform than watering with a 

spray bottle (4.22 ± 0.54 s) (p = 0.001) (Table 3). Thus, the subjects spent more time on the tasks requiring involving heavier 

tools (spray bottle: 0.27 kg; watering can: 0.35 kg) and those with the two additional phases, although the motion of grasping 

tiny lettuce seeds between fingers also took more time to perform.

Between the four common phases (reaching, grasping, back transporting, and releasing), subjects spent significantly 

more time reaching and back transporting (Table 3). When watering with a spray bottle, subjects spent significantly more 

time in the watering phase than the other five phases. Reaching and forward transporting required significantly more time 

to perform than other phases during the task of watering with a watering can. 

Motion Velocity

The velocity for each task and phase was determined based on the data from the wrist marker (Table 4, Fig. 6). Among 

the eight phases, the reaching phase had a significantly higher peak velocity than other phases, and had the highest peak 

velocity during five of the different tasks: filling a tray with soil (0.73 ± 0.15 m/s), filling a pot with soil (0.75 ± 0.14 m/s), 

sowing seeds in the tray (0.75 ± 0.12 m/s), planting a plant in a pot (0.70 ± 0.15 m/s), and watering with a spray bottle (0.74 

± 0.13 m/s). In the tasks of watering with a watering can, back transporting and forward transporting had similar peak 

velocities to the reaching phase. 

Joint Angles 

Joint angles were calculated for the shoulder in the sagittal plane (flexion and extension) and frontal plane (abduction and 

Table 3. Movement times for each task and phase of the two horticultural activities. 

Movement times (s) (mean±SD)
Horticultural activity

Reaching Grasping Back
transporting Watering Forward

transporting Releasing Signifi-cancez Total
movement times

Sowing seeds
Positioning a tray 1.08 ± 0.26bz 0.25 ± 0.20c 1.43 ± 0.31a - - 0.37 ± 0.28c *** 3.13 ± 0.82
Filling a tray with soil 1.34 ± 0.32a 0.33 ± 0.23c 1.18 ± 0.31b - - 0.30 ± 0.27c *** 3.22 ± 0.06
Sowing seeds in the tray 1.46 ± 0.25a 0.59 ± 0.22c 1.00 ± 0.17b - - 0.50 ± 0.19c *** 3.40 ± 0.73
Watering with a spray bottle 1.24 ± 0.26a 0.10 ± 0.03d 1.11 ± 0.20b 0.26 ± 0.31c 1.29 ± 0.24a 0.22 ± 0.11c *** 4.22 ± 0.54

Planting a plant
Positioning a pot 1.02 ± 0.17a 0.12 ± 0.06d 0.93 ± 0.20b - - 0.24 ± 0.14c *** 2.31 ± 0.43
Filling a pot with soil 1.10 ± 0.24b 0.36 ± 0.23d 1.21 ± 0.27a - - 0.52 ± 0.45c *** 3.18 ± 0.78
Planting a plant in a pot 1.01 ± 0.21b 0.17 ± 0.13d 1.23 ± 0.29a - - 0.60 ± 0.34c *** 3.05 ± 0.68
Watering with a watering can 1.01 ± 0.18c 0.19 ± 0.12d 1.44 ± 0.39b 4.46 ± 1.84a 1.46 ± 0.42b 0.31 ± 0.17d *** 8.83 ± 1.87

Significancey ***
zA one-way analysis of variance (ANOVA) test was conducted to compare the means of movement times data for four or six phases in each task at p < 0.05. When the 
results of the ANOVA test were statistically significant, a Duncan’s multiple range test was conducted to determine the differences between the means of movement 
times at p < 0.001. 

yTotal movement times for each task were compared using a one-way analyses of variance (ANOVA), but did not differ significantly with a significance level of p < 0.001. 



Kinematic and Kinetic Analysis of Upper Limb Motions during Horticultural Activities

Korean Journal of Horticultural Science & Technology 949

adduction), for the elbow (extension and flexion), and for the wrist (extension and flexion) (Table 5). A lower joint angle 

indicates a greater shoulder adduction and elbow extension. During seed sowing, shoulder flexion was significantly 

increased compared to other tasks when the subjects were filling a tray with soil (67.01 ± 14.61°), sowing seeds in the tray 

(65.14 ± 12.47°), watering with a spray bottle (63.62 ± 18.01°), and filling a pot with soil (61.28 ± 14.06°) (p = 0.001), while 

shoulder extension was significantly increased during the task of positioning a tray (54.06 ± 14.01°; p = 0.001). When 

Table 4. Peak velocity for each task and phase of the two horticultural activities. 

Peak velocity (m/s) (mean ± SD)
Horticultural activity

Reaching Grasping Back
transporting Watering Forward

transporting Releasing
Significancez

Sowing seeds
Positioning a tray 0.46 ± 0.24azCy 0.06 ± 0.03cB 0.37 ± 0.07bD - - 0.05 ± 0.03cC ***
Filling a tray with soil 0.73 ± 0.15aA 0.05 ± 0.02cBC 0.45 ± 0.09bBC - - 0.06 ± 0.02cABC ***
Sowing seeds in the tray 0.75 ± 0.12aA 0.04 ± 0.01cC 0.40 ± 0.09bD - - 0.05 ± 0.04cC ***
Watering with a spray bottle 0.74 ± 0.13aA 0.08 ± 0.04dA 0.57 ± 0.10bA 0.05 ± 0.02d 0.48 ± 0.11c 0.07 ± 0.05dAB ***
Planting a plant

Positioning a pot 0.55 ± 0.12aB 0.06 ± 0.02cB 0.41 ± 0.07bCD - - 0.05 ± 0.02cC ***
Filling a pot with soil 0.75 ± 0.14aA 0.06 ± 0.04cB 0.54 ± 0.08bA - - 0.06 ± 0.03cABC ***
Planting a plant in a pot 0.70 ± 0.15aA 0.06 ± 0.02cB 0.47 ± 0.09bB - - 0.06 ± 0.05cBC ***
Watering with a watering can 0.54 ± 0.14aB 0.09 ± 0.03cA 0.56 ± 0.08aA 0.16 ± 0.04b 0.55 ± 0.16a 0.08 ± 0.01cA ***

Significancey *** *** *** ***x *x **
zTo compare the means of peak velocity data for four or six phases in each task, a one-way analysis of variance (ANOVA) test was conducted at p < 0.05. When the 
results of the ANOVA test were statistically significant, a Duncan’s multiple range test was conducted to determine the differences between the means of peak velocity at 
p < 0.001. 

yA one-way analysis of variance (ANOVA) test was conducted to compare the means of peak velocity data for each task at p < 0.05. When the results of the ANOVA test 
were statistically significant, Duncan’s multiple range test was conducted to determine the differences between the means of peak velocity at p < 0.01. 

xA Mann-Whitney U test was conducted to compare the tasks of watering with a watering can and watering with a spray bottle (which included two more phases than the 
other tasks) at p < 0.05.

Table 5. Joint angles for each task and phase of the two horticultural activities.

Maximum Joint angle (°) (mean±SD)
Horticultural activity Shoulder (sagittal plane) Shoulder (frontal plane) Elbow Wrist

Flexion Extension Adduction Abduction Flexion Extension Flexion Extension
Sowing seeds

Positioning a tray 25.25±17.53dz 54.06±14.01a 21.69±7.26bc 38.21±4.96de 115.89±8.07a 55.61±14.71a 32.82±5.52ab -y

Filling a tray with soil 67.01±14.61a 31.97±13.88d 22.02±7.50b 44.92±7.38c 107.32±10.22b 19.03±14.08e 25.65±5.19cd -
Sowing seeds in the tray 65.14±12.47a 29.85±15.63d 25.68±7.88a 48.93±7.93c 105.31±10.08b 18.57±11.44e 22.93±10.55d -
Watering with a spray bottle 63.62±18.01a 33.28±17.59bc 23.10±7.07ab 58.78±9.03b 108.16±11.77b 24.70±12.52de 32.00±6.41a -

Planting a plant
Positioning a pot 34.35±14.54c 30.25±15.62d 20.05±7.19bc 34.40±8.36ef 102.02±8.73b 47.50±13.50b 22.35±8.95d -
Filling a pot with soil 61.28±14.06a 30.67±16.08d 18.31±6.92d 38.74±0.97d 103.20±9.22b 25.52±12.59d 31.68±9.49ab -
Planting a plant in a pot 48.91±13.82b 29.08±17.84d 19.91±4.95bc 32.48±6.85f 105.50±6.88b 32.51±11.35c 25.67±4.82cd -
Watering with a watering can 51.31±18.35b 41.09±23.21b 22.73±5.53ab 67.21±8.81a 118.85±18.23a 41.67±9.78b 28.81±7.48bc -

Significancez *** *** *** *** *** *** *** -
zTo compare the means of joint angle for each task, a one-way analysis of variance (ANOVA) test was conducted at p < 0.05. When the results of the ANOVA test were 
statistically significant, Duncan’s multiple range test was conducted to determine the differences between the means of the joint angles at p < 0.001.
yND (not detected).
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Fig. 6. Velocity and movement patterns of subjects during each phase of the two horticultural tasks. A. Sowing seeds. B. Planting 
a plant.
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subjects planted a plant, they had significantly more shoulder adduction during tasks such as filling a pot with soil (18.31 ± 

6.92°), planting a plant in a pot (19.91 ± 4.95°), positioning a pot (20.05 ± 7.19°), and positioning a tray (21.69 ± 7.26°), 

compared to other tasks (p = 0.001). Shoulder abduction was significantly higher in the task of watering with a watering can 

(67.21 ± 8.81°) than in others (p = 0.001). Positioning a tray (115.89 ± 8.07°) and watering with a watering can (118.85 ± 

18.23°) led to significantly higher elbow flexion compared to other tasks (p = 0.001), while elbow extension was significantly 

increased in the filling a tray with soil (19.03 ± 14.08°) and sowing seeds in the tray (18.57 ± 11.44°) (p = 0.001). Wrist 

flexion was significantly increased during the tasks of positioning a tray (32.82 ± 5.52°), watering with a spray bottle (32.00 

± 6.41°), and filling a pot with soil (31.68 ± 9.49°) (p = 0.001); however, wrist extension was not observed during these 

horticultural tasks. 

In addition, reaching, grasping, and back transporting resulted in significantly higher joint angles in the shoulder, elbow, 

and wrist than other phases (data not shown). Shoulder extension and adduction as well as elbow flexion during the reaching 

phase were significantly higher than the other phases. Grasping led to significantly increased shoulder flexion and elbow 

extension, while shoulder abduction and wrist flexion were increased during back transporting. 

Grasping Patterns 

Grasping patterns can be broadly classified into power or precision grasps (Napier, 1956; MacKenzie and Iberall, 1994). 

The power grasp uses five fingers and the entire palm while grasping an object, and examples include a cylinder grasp, ball 

grasp, and hook grasp. The precision grasp is generally used to grasp an object for fine manipulations, for example a plate 

grasp, pinch grasp, key grasp, and pincer grasp (Tyldesley and Grieve, 2009). During the horticultural activities, subjects 

positioning a tray exhibited a grasping pattern similar to the lateral prehension observed in tasks such as transporting a dish 

or turning a key, while sowing seeds in the tray required a fingertip prehension similar to grasping a small object such as a 

button or pin. Subjects planting a plant in a pot exhibited a palmar prehension similar to grasping a pen, while transporting 

a pot using a watering can required a cylindrical grasp (data not shown).

Muscle Activation 

The muscle activity of five muscles on the shoulder girdle (the anterior deltoid, serratus anterior, upper trapezius, 

infraspinatus, and laitissimus dorsi) and three muscles on the arm (the biceps brachii, brachioradialis, and flexor carpi 

radialis) was assessed throughout the two horticultural activities (Table 6). During the eight tasks, the serratus anterior on 

the shoulder girdle was activated to a significantly greater extent than the other muscles tested (p = 0.001). In particular, the 

EMG data for the serratus anterior was highest when subjects were watering with a watering can. The muscles of the 

shoulder girdle were activated to a significantly greater extent compared to the arm muscles during the tasks of filling a tray 

with soil, sowing seeds in the tray, watering with a spray bottle, and positioning a pot (p = 0.001). During watering with a 

watering can, the flexor carpi radialis of the arm was also activated to a significantly greater extent, in comparison to the 

other arm muscles tested (p = 0.001). During the act of seed sowing, reaching, back transporting, and forward transporting 

required a greater activation of the shoulder girdle muscles compared to grasping and releasing (p = 0.001). While planting 

a plant, reaching, back transporting, and watering caused a greater activation of the shoulder girdle muscles (p = 0.001). 
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Table 6. Muscle activation data of eight upper limb muscles for each task and phase of the two horticultural activities.

Maximum voluntary contraction integrated electromyography

Horticultural activity
Muscles of shoulder girdle Muscles of arm

Anterior deltoid Serratus 
antierior

Upper
trapezius Infraspinatus Laitissimus 

dorsi Biceps brachii Brachior-adialis Flexor carpi 
radialis

Sowing seeds (mean ± SD)
Positioning a tray 

Reaching 4.85 ± 2.18az 5.86 ± 4.44a 3.75 ± 2.60b 2.94 ± 2.52a 3.93 ± 3.31a 2.43 ± 1.44b 0.91 ± 0.59b 1.15 ± 0.91b
Grasping 1.15 ± 1.08c 1.27 ± 1.04b 0.61 ± 0.50b 0.35 ± 0.30b 0.79 ± 0.69b 0.56 ± 0.47c 0.38 ± 0.31b 0.40 ± 0.34b
Back transporting 3.65 ± 1.75b 4.93 ± 2.56a 11.15 ± 10.81a 3.44 ± 1.86a 4.17 ± 3.30a 4.48 ± 2.31a 3.89 ± 3.12a 3.65 ± 2.63a
Releasing 0.42 ± 0.25c 0.59 ± 0.44b 1.38 ± 1.20b 0.59 ± 0.46b 0.59 ± 0.43b 0.64 ± 0.51c 0.50 ± 0.42b 1.04 ± 0.92b
Totaly 10.12 ± 4.33 14.06 ± 12.68 10.04 ± 7.87 6.75 ± 3.78 10.72 ± 9.98 8.04 ± 5.04 5.37 ± 2.81 6.40 ± 4.31

Significancez *** *** *** *** *** *** *** ***
Filling a tray with soil 

Reaching 7.85 ± 4.37a 11.18 ± 9.65a 6.30 ± 3.60a 5.81 ± 4.04a 6.57 ± 4.81a 2.30 ± 1.82a 1.69 ± 1.24b 1.84 ± 1.10a
Grasping 1.85 ± 1.11c 2.33 ± 1.85c 1.32 ± 0.97c 1.04 ± 0.78b 1.75 ± 1.35b 0.36 ± 0.33b 0.49 ± 0.35c 0.55 ± 0.49c
Back transporting 4.65 ± 2.46b 8.16 ± 6.84b 5.29 ± 3.01b 5.06 ± 3.37a 5.50 ± 4.53a 2.38 ± 1.52a 2.25 ± 1.42a 1.37 ± 0.79b
Releasing 0.94 ± 0.78c 1.06 ± 0.95c 0.85 ± 0.72c 0.78 ± 0.65b 0.71 ± 0.61b 0.37 ± 0.33b 0.46 ± 0.42c 0.32 ± 0.29c
Total 15.29 ± 7.19 21.54 ± 14.84 15.12 ± 9.82 13.07 ± 8.10 14.22 ± 9.29 5.50 ± 3.05 5.26 ± 3.38 4.68 ± 3.42

Significance *** *** *** *** *** *** *** ***
Sowing seeds in the tray 

Reaching 7.40 ± 3.52a 9.44 ± 6.00a 6.46 ± 3.44a 2.94 ± 4.06ab 5.68 ± 3.64a 2.09 ± 1.32a 1.63 ± 1.21bc 2.16 ± 1.66a
Grasping 3.27 ± 1.79b 4.39 ± 2.63a 2.79 ± 1.91b 2.03 ± 1.70b 2.75 ± 1.80b 0.67 ± 0.53c 1.13 ± 0.85b 1.29 ± 1.04a
Back transporting 3.76 ± 1.49b 5.35 ± 2.33a 4.07 ± 1.88a 3.44 ± 2.02a 3.65 ± 2.42ab 1.62 ± 0.85b 1.56 ± 1.11a 1.55 ± 1.28a
Releasing 1.40 ± 1.08c 1.76 ± 1.56b 1.38 ± 1.21c 1.00 ± 0.76c 1.27 ± 1.03c 0.57 ± 0.45c 0.65 ± 0.56c 0.34 ± 0.26b
Total 16.14 ± 7.11 21.18 ± 9.76 14.98 ± 7.33 12.88 ± 8.22 14.00 ± 9.10 5.20 ± 3.07 5.21 ± 3.69 5.78 ± 3.88

Significance *** *** *** *** *** *** ** ***
Watering with a spray bottle 

Reaching 6.70 ± 2.99a 9.99 ± 8.37a 5.89 ± 3.53a 5.27 ± 3.98a 6.02 ± 4.22a 2.46 ± 1.11b 2.12 ± 1.40b 2.15 ± 1.80b
Grasping 0.65 ± 0.41c 0.76 ± 0.44c 0.60 ± 0.48b 0.41 ± 0.32b 0.51 ± 0.35c 0.25 ± 0.21c 0.35 ± 0.33c 0.21 ± 0.14c
Back transporting 5.16 ± 2.31b 6.98 ± 3.66b 5.73 ± 3.22a 5.66 ± 3.87a 4.77 ± 3.12a 3.37 ± 1.85a 3.34 ± 2.21a 3.58 ± 2.40a
Watering 1.18 ± 0.77c 1.47 ± 1.26c 1.06 ± 0.82b 0.92 ± 0.71b 1.05 ± 0.74b 0.69 ± 0.55c 1.20 ± 0.89c 2.03 ± 1.33b
Forward transport 6.86 ± 3.35a 10.50 ± 10.25a 6.38 ± 4.08a 4.84 ± 2.31a 5.82 ± 4.11a 2.92 ± 1.56ab 3.45 ± 2.91a 3.13 ± 2.97a
Releasing 1.17 ± 0.91c 1.77 ± 1.50c 1.06 ± 1.02b 0.62 ± 0.48b 1.02 ± 0.71b  0.39 ± 0.34c 0.34 ± 0.24c 0.41 ± 0.32c
Total 22.05 ± 8.86 29.19 ± 14.08 21.22 ± 12.99 17.65 ± 9.96 19.41 ± 12.05 10.32 ± 5.09 12.07 ± 7.87 12.34 ± 6.53

Significance *** *** *** *** *** *** *** ***
Planting a plant 

Positioning a pot
Reaching 3.46 ± 1.70a 3.97 ± 1.90a 3.05 ± 2.15a 2.19 ± 1.71a 2.81 ± 1.68a 1.59 ± 0.81a 1.32 ± 0.97a 1.05 ± 0.46a
Grasping 0.45 ± 0.30c 0.49 ± 0.31b 0.37 ± 0.27c 0.25 ± 0.23b 0.38 ± 0.35c 0.19 ± 0.13b 0.26 ± 0.21b 0.14 ± 0.13b
Back transporting 1.73 ± 0.90b 3.46 ± 3.12a 2.32 ± 1.80b 1.84 ± 1.14a 2.17 ± 1.37b 1.70 ± 0.86a 1.45 ± 0.97a 1.00 ± 0.76a
Releasing 0.31 ± 0.22c 0.48 ± 0.33b 0.43 ± 0.33c 0.29 ± 0.19b 0.50 ± 0.39c 0.26 ± 0.18b 0.28 ± 0.22b 0.28 ± 0.24b
Total 6.06 ± 2.92 8.91 ± 6.04 6.11 ± 4.12 4.53 ± 3.08 5.88 ± 3.49 3.82 ± 1.86 3.34 ± 2.27 2.50 ± 1.41

Significance *** *** *** *** *** *** *** ***
Filling a pot with soil 

Reaching 5.22 ± 2.37a 5.96 ± 3.20a 4.20 ± 3.17a 2.75 ± 1.87b 4.19 ± 2.91a 1.58 ± 0.89b 1.18 ± 0.85b 1.55 ± 0.87a
Grasping 1.30 ± 0.95c 1.65 ± 1.22c 1.11 ± 0.88c 0.76 ± 0.62c 1.18 ± 0.94b 0.31 ± 0.29c 0.52 ± 0.43c 0.55 ± 0.41c
Back transporting 3.12 ± 1.54b 5.12 ± 2.51b 3.97 ± 2.74a 3.47 ± 2.17a 3.96 ± 2.71a 2.58 ± 1.48a 2.28 ± 1.54a 1.19 ± 0.55b
Releasing 0.71 ± 0.60d 1.35 ± 1.15c 0.96 ± 0.76c 1.05 ± 0.86c 1.03 ± 0.89b 0.55 ± 0.45c 0.60 ± 0.54c 0.46 ± 0.41c
Total 10.59 ± 4.53 15.97 ± 13.07 10.53 ± 6.71 8.17 ± 4.52 10.83 ± 7.23 5.26 ± 3.07 4.89 ± 3.33 4.37 ± 2.82

Significance *** *** *** *** *** *** *** ***
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Discussion

This study provides kinematic and kinetic reference data for common horticultural activities using a kinematic and 

kinetic analysis. The results of the study support the findings of previous studies and provide valuable information for the 

development of specialized horticultural therapy programs as discussed below.

Kinematic Factors

Subjects spent significantly more time in the reaching, back transporting, forward transporting, or watering phases 

compared other phases (Table 3). These findings support the results of a previous study involving a three-dimensional 

kinematic motion analysis of drinking from a glass, where subjects also spent more time in the reaching and back transporting 

phases compared to forward transporting and returning phases (Murphy et al., 2006). Movement times can be influenced 

by the characteristics or location of the object, as more distant and smaller objects require more movement time during the 

activities of daily living (Castiello et al., 1992, 1993a; Coats et al., 2008; Cicerale et al., 2014). The functional motion of 

putting a 5-cm piece of wood in a box took a total movement time of 1.15-1.43 s (Coluccini et al., 2007), while the total 

movement times of the horticultural tasks tested in the present study were 2.31-8.83 s; however, more time may be required 

according to the delicacy of the task. In the current study, the movement time for working with the horticultural materials 

showed similar characteristics to that of daily living activities, suggesting that the horticultural tasks can be used for training 

Table 6. Continued

Maximum voluntary contraction integrated electromyography

Horticultural activity
Muscles of shoulder girdle Muscles of arm

Anterior deltoid Serratus 
antierior

Upper
trapezius Infraspinatus Laitissimus 

dorsi Biceps brachii Brachior-adialis Flexor carpi 
radialis

Planting a plant in a pot 
Reaching 4.32 ± 2.67a 5.58 ± 4.61a 3.40 ± 2.18a 2.39 ± 1.70a 3.61 ± 2.55a 1.11 ± 0.61b 0.87 ± 0.54b 1.65 ± 1.04a
Grasping 0.69 ± 0.57c 0.73 ± 0.57b 0.57 ± 0.53b 0.38 ± 0.32b 0.51 ± 0.38b 0.16 ± 0.14d 0.28 ± 0.23d 0.35 ± 0.44b
Back transporting 2.87 ± 1.82b 5.55 ± 4.14a 3.27 ± 1.82a 2.39 ± 1.70a 3.89 ± 3.21a 2.26 ± 1.09a 2.29 ± 1.49a 1.66 ± 1.10a
Releasing 0.68 ± 0.44c 1.27 ± 0.72b 0.93 ± 0.70b 0.86 ± 0.75b 1.04 ± 0.93b 0.63 ± 0.44c 0.61 ± 0.42cd 1.19 ± 1.35a
Total 9.10 ± 5.08 13.27 ± 10.15 8.61 ± 5.37 5.96 ± 4.05 9.93 ± 8.25 4.28 ± 1.98 4.26 ± 2.90 4.93 ± 3.14

Significance *** *** *** *** *** *** *** ***
Watering with a watering can 

Reaching 4.66 ± 2.23b 6.09 ± 5.80b 3.57 ± 2.32bc 2.27 ± 1.62cd 3.38 ± 1.76b 2.15 ± 0.97cd 1.26 ± 0.90cd 1.03 ± 0.54cd
Grasping 1.03 ± 0.95c 1.24 ± 1.07c 0.64 ± 0.37d 0.55 ± 0.33d 0.73 ± 0.65d 0.76 ± 0.64c 0.57 ± 0.44d 0.44 ± 0.54d
Back transporting 6.78 ± 3.72b 9.27 ± 8.87b 5.78 ± 3.29b 6.17 ± 4.19b 5.20 ± 4.15b 4.19 ± 1.95b 3.62 ± 2.51b 2.87 ± 1.49b
Watering 21.91 ± 11.86 a 22.40 ± 10.19a 16.26 ± 10.83a 13.96 ± 7.80a 14.65 ±  9.12a 7.71± 6.36a 9.92 ± 6.53a 6.64 ± 5.70a
Forward transport 7.14 ± 3.36b 7.93 ± 3.56b 5.61 ± 3.77b 4.17 ± 2.58c 5.22 ± 3.40b 2.63 ± 1.61bc 2.70 ± 1.74bc 2.70 ± 1.74b
Releasing 1.40 ± 0.64c 1.64 ± 1.22c 1.07 ± 0.82cd 0.48 ± 0.38d 0.63 ± 0.41d 0.55 ± 0.40c 0.43 ± 0.29d 0.42 ± 0.31d
Total 43.18 ± 17.67 52.23 ± 35.31 35.88 ± 21.20 28.26 ± 13.03 30.80 ± 16.52 17.49 ± 10.60 18.62 ± 10.46 51.33 ± 39.00

Significance *** *** *** *** *** *** *** ***
zA one-way analysis of variance (ANOVA) test was conducted to compare the means of muscle activation data for each phase in the two horticultural activities, with a 
significance of p < 0.05. When the results of the ANOVA test were statistically significant, a Duncan’s multiple range test was conducted to determine the differences 
between the means of muscle activation data at p < 0.001.

yTotal muscle activation data of eight upper limb muscles in each task were com pared using a one-way analyses of variance (ANOVA), but did not differ significantly 
with a significance level of p < 0.001. 
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or treatment in rehabilitation for daily living activities. 

Subjects performed the reaching phase with greater speed compared to other phases (Table 4, Fig. 6). Similarly, a previous 

study demonstrated that for drinking (a daily living activity), the peak velocity was greatest during the reaching phase (0.55 

± 0.08 m/s) compared to other phases such as forward transport, drinking, back transport, and returning (Murphy et al., 

2006). The peak velocity can be influenced by the materials or tools required to perform a task, and the accuracy and 

precision required (Castiello, 1996); in the case of a tiny or precious object such as seed, subjects need to allow time for 

adequate attention to the performance of the task. In the current study, tasks involving handled objects such as a spray bottle 

or watering can were also associated with a higher velocity; the handle induces behavior affordance and helps in grasping 

the object easily, prompting automatic actions in the motor cortex in brain (Handy et al., 2003; Masson et al., 2011; Bub et 

al., 2013). The velocity graphs for six of the horticultural tasks, including positioning a tray or pot, filling a tray or pot with 

soil, sowing seeds in the tray, and planting a plant in a pot exhibited two bell shaped curves (Fig. 6). In contrast, the velocity 

graphs for watering with a spray bottle and watering with a watering can exhibited three bell shaped curves. These graph 

patterns coincided with reaching and grasping rehabilitation training motions (Gentilucci et al., 2001; Murphy et al., 2006, 

2011; Coluccini et al., 2007; Coats et al., 2008); thus, these horticultural tasks can be used in reaching and grasping 

rehabilitation training for patients. 

The results for the range of joint motion during the horticultural tasks are similar to previous studies about upper limb 

functional tasks conducted by Artilheiro et al. (2014) and van Andel et al. (2008). Murphy et al. (2006) reported that the 

angles of shoulder flexion, shoulder adduction, and elbow extension of grasping in a drinking motion were 48.9 ± 5.1°, 10.6 

± 4.6°, 42.5 ± 7.3°, respectively. The joint angles of the horticultural tasks tested in the present study also showed a similar 

range but were significantly different across the tasks (Table 5). Among the eight horticultural tasks, watering with a 

watering can led to a greater shoulder abduction, elbow flexion, and wrist flexion than other tasks. The task of positioning 

a tray significantly increased shoulder extension and elbow flexion. In addition, the joint angles patterns were significantly 

different for watering with a spray bottle compared to those for watering with a watering can. The watering task with a spray 

bottle showed significantly higher shoulder flexion and wrist flexion than the watering task with a watering can. On the 

other hands, the task of watering with a watering can showed significantly higher shoulder abduction and elbow flexion 

than the watering task with a spray bottle. Accordingly, different horticultural tasks can be selected for a treatment depending 

on the therapeutic objective and the client’s condition. 

Grasping patterns differed between the tasks involved in the horticultural activities, and are known to determine kinematic 

characteristics (Castiello et al., 1992, 1993a; 1993b; Castiello, 1996). Castiello (1996) investigated the grasping patterns 

involved in holding an apple (whole-hand prehension), tangerine (small whole-hand prehension), banana (clench), and 

cherry (fingertip prehension). When subjects performed a precision grip like that involved in grasping a cherry, it took 

significantly more time compared to the gripping motion involved in whole-hand prehension, small whole-hand prehension, 

or clenching. 

Kinetic Factors

The EMG data for the serratus anterior was highest among the muscles tested. The serratus anterior anatomically plays a 

role in the stability of the scapula and is the muscle used during the protraction of the arm (Paine and Voight, 1993; Ekstrom 

et al., 2004), and Potten et al. (1999) reported that reaching over a larger distance results in higher activation of this muscle. 
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The results of the current study demonstrate that the motions involved in horticultural activity are similar to reaching and 

grasping training motions. Moreover, the muscles on the shoulder girdle were activated to a significantly greater extent 

compared to the muscles on the arm during horticultural activities; for example, tasks such as filling a tray with soil, sowing 

seeds in the tray, watering with a spray bottle, and positioning a pot showed higher muscle activation for the five muscles 

on shoulder girdle than for the arm muscles. Similarly, the upper trapezius was previously shown to be activated to a 

significantly greater extent than the muscles of the forearm in various horticultural activities performed at a desk in a sitting 

position (Park et al., 2013b). During watering with a watering can, an additional muscle, the flexor carpi radialis of the arm, 

was activated to a significantly greater extent compared to the other muscles tested. This muscle can be used to support a 

weighty tool, which corresponds to the previous finding that watering with a watering can was the highest weight-bearing 

activity among all of the activities (Park et al., 2013b). 

In a previous study examining EMG activation during five gardening activities including digging, raking, troweling, 

weeding, and hoeing, the activation of the upper limb muscles was found to be greater than that of the lower limb muscles, 

which were mainly used to support the body (Park et al., 2014b). The right flexor carpi ulnaris and brachioradialis showed 

the highest activation during these gardening activities compared to the other upper and lower limb muscles measured (Park 

et al., 2014b). The upper limbs play a crucial role in various daily living activities such as drinking, eating, and writing; thus, 

exercising the upper limb muscles positively impacts the maintenance and improves the performance of daily living 

activities (Murphy et al., 2006). For example, during a horticultural therapy program developed based on EMG data, which 

included flower arrangement tasks consisting of cutting, bending, winding, and fixing motions, stroke patients demonstrated 

improved overall upper limb function, grip strength, and range of motion. 

Conclusions

This study provides reference data for common horticultural activities using kinematic and kinetic analyses. Horticultural 

activities consist of complex tasks in terms of kinematics, containing several different motions such as reaching, grasping, 

back transporting, watering, forward transporting, and releasing. The analysis of horticultural activities demonstrates 

kinematic and kinetic similarities to reaching and grasping rehabilitation training or daily living activities; therefore, 

horticultural tasks have a potential for clinical use. In addition, horticultural activities provide goal-oriented and task-

oriented tasks by using living plants, providing clients with additional benefits such as psychological well-being (Armstrong, 

2000), motivation for participation in a therapy session (Bird, 2004), and enjoyment derived from living plants (Lekies and 

Sheavly, 2007; Park et al., 2008). The reference data in this study provides useful information for the development of a 

horticultural therapy program for the rehabilitation of upper limbs; moreover, the information about the kinematic and 

kinetic characteristics of horticultural tasks can be used to support the physical therapeutic mechanisms of horticultural 

interventions. Future studies are needed to analyze the kinematic and kinetic characteristics of subjects with impairments 

and disabilities of the upper extremities.

Literature Cited

Abdel-Aziz YI, Karara HM (1971) Direct linear transformation from comparator coordinates into object space coordinates in close-
range photogrammetry. Proc, The Symposium on Close-Range Photogrammetry. American Society of Photogrammetry, Falls 



Kinematic and Kinetic Analysis of Upper Limb Motions during Horticultural Activities

Korean Journal of Horticultural Science & Technology 956

Church, VA, USA, pp 1-18 

Artilheiro MC, Corr a JCF, Cimolin V, Lima MO, Galli M, de Godoy W, Lucareli PRG (2014) Three-dimensional analysis of 
performance of an upper limb functional task among adults with dyskinetic cerebral palsy. Gait Posture 39:875-88. doi: http://
dx.doi.org/10.1016/j.gaitpost.2013.11.022

Armstrong D (2000) A survey of community gardens in upstate New York: Implications for health promotion and community 
development. Health Place 6:319-327. doi: http://dx.doi.org/10.1016/S1353-8292(00)00013-7

Baker R (2006) Gait analysis methods in rehabilitation. J NeuroEngineering Rehabilitation 3:4-13. doi: http://dx.doi.o
rg/10.1186/1743-0003-3-4

Bassey EJ, Ramsdale SJ (1995) Weight-bearing exercise and ground reaction forces: A 12-month randomized controlled 
trial of effects on bone mineral density in healthy postmenopausal women. Bone 16:469-476. doi:http://dx.doi.o
rg/10.1016/8756-3282(95)90193-0

Bird W (2004) Natural  t: Can green space and biodiversity increase levels of physical activity? Royal Soc. Protection Birds, London, UK 

Bonnefoy A, Louis N, Gorce, P (2009) Muscle activation during a reach-to-grasp movement in sitting position: influence of the 
distance. J Electromyography Kinesiology 19:269-275. doi:http://dx.doi.org/10.1016/j.jelekin.2008.04.010

Bolgla LA, Uhl TL (2007) Reliability of electromyographic normalization methods for evaluating the hip musculature. J 
Electromyography Kinesiology 17:102-111. doi: http://dx.doi.org/10.1016/j.jelekin.2005.11.007 

Bub DN, Masson ME, Lin T (2013) Features of planned hand actions influence identification of graspable objects. Psychological Sci 
24:1269–1276. doi: http://dx.doi.org/10.1177/0956797612472909

Burden A (2010) How should we normalize electromyograms obtained from healthy participants? What we have learned from over 
25years of research. J Electromyography Kinesiology 20:1023-1035. doi:http://dx.doi.org/10.1016/j.jelekin.2010.07.004

Castiello U (1996) Grasping a fruit: Selection for action. J Experimental Psychology: Human Perception Performance 22:582-601. 
doi:http://dx.doi.org/10.1037/0096-1523.22.3.582 

Castiello U, Bennett KMB, Mucignat C (1993b) The reach to grasp movement of blind subjects. Experimental Brain Res 96:152-162. 
doi:http://dx.doi.org/10.1007/BF00230448

Castiello U, Bennett KMB, Paulignan Y (1992) Does the type of prehension influence the kinematics of reaching. Behavioural Brain Res 
50:7-15. doi:http://dx.doi.org/10.1016/S0166-4328(05)80283-9 

Castiello U, Bennett KMB, Stelmach GE (1993a) Reach to grasp: The natural response to perturbation of object size. Experimental 
Brain Res 94:163-178. doi:http://dx.doi.org/10.1007/BF00230479 

Cicerale A, Ambron E, Lingnau A, Rumiati RI (2014) A kinematic analysis of age-related changes in grasping to use and grasping to 
move common objects. Acta psychologica 151:134-142. doi:http://dx.doi.org/10.1016/j.actpsy.2014.06.004

Coats R, Bingham GP, Mon-Williams M (2008) Calibrating grasp size and reach distance: Interactions reveal integral organization of 
reaching-to-grasp movements. Experimental Brain Res 189:211-220. doi:http://dx.doi.org/10.1007/s00221-008-1418-5

Coluccini M, Maini ES, Martelloni C, Sgandurra G, Cioni G (2007) Kinematic characterization of functional reach to grasp in normal 
and in motor disabled children. Gait Posture 25:493-501. doi:http://dx.doi.org/10.1016/j.gaitpost.2006.12.015

De Luca CJ (1997) The use of surface electromyography in biomechanics. J Appl Biomechanics 13:135-163. doi:http://
dx.doi.org/10.1123/jab.13.2.135

Ekstrom RA, Bifulco KM, Lopau CJ, Andersen CF, Gough JR (2004) Comparing the function of the upper and lower parts of 
the serratus anterior muscle using surface electromyography. J Orthopaedic Sports Phys Therapy 34:235-243. doi:http://
dx.doi.org/10.2519/jospt.2004.34.5.235

Falla D, Farina D, Graven-Nielsen T (2007) Spatial dependency of trapezius muscle activity during repetitive shoulder flexion. J 
Electromyography Kinesiology 17:299-306. doi: http://dx.doi.org/10.1016/j.jelekin.2006.03.005

Gentilucci M, Benuzzi F, Gangitano M, Grimaldi S (2001) Grasp with hand and mouth: a kinematic study on healthy subjects. J 
Neurophysiology, 86:1685-1699

Handy TC, Grafton ST, Shroff NM, Ketay S, Gazzaniga MS (2003) Graspable objects grab attention when the potential for action is 
recognized. Nature Neuroscience 6:421–427. doi: http://dx.doi.org/10.1038/nn1031

Kelley GA, Kelley KS, Kohrt WM (2013) Exercise and bone mineral density in men: A meta-analysis of randomized controlled trials. 
Bone 53:103-111. doi:http://dx.doi.org/10.1016/j.bone.2012.11.031

Keogh J, Reid D (2005) The role of biomechanics in maximising distance and accuracy of golf shots. Sports Medicine 35:429-449. 
doi:10.2165/00007256-200535050-00005

Kim TW, Kong SJ, Gil SK, Park JC, Jeon HJ, Song JH, Lee KK, Lim YT, Chae WS (2013) Electromyographic analysis: Theory and 
application. Hanmi Medical Publishing, Seoul, Korea

Kuo FC, Kao WP, Chen HI, Hong CZ (2011) Squat-to-reach task in older and young adults: Kinematic and electromyographic analyses. 
Gait posture 33:124-129. doi: http://dx.doi.org/10.1016/j.gaitpost.2010.10.088

Lee JA, Hwang PW, Kim EJ (2015) Upper extremity muscle activation during drinking from a glass in subjects with chronic stroke. J 
Phys Therapy Sci 27:701-703. doi:http://dx.doi.org/10.1589/jpts.27.701

Lee SS, Park SA, Kwon OY, Song JE, Son KC (2012) Measuring range of motion and muscle activation of flower arrangement 
tasks and application for improving upper limb function. Kor J Hort Sci Technol 30:449-462. doi:http://dx.doi.org/10.7235/
hort.2012.12071

Lekies KS, Sheavly ME (2007) Fostering children’s interests in gardening. Appl Environmental Educ Commun 6:67-75. doi:http://dx.doi
.org/10.1080/15330150701319362



Kinematic and Kinetic Analysis of Upper Limb Motions during Horticultural Activities

Korean Journal of Horticultural Science & Technology 957

Lim HK, Sherwood AM (2005) Reliability of surface electromyographic measurements from subjects with spinal cord injury during 
voluntary motor tasks. J Rehabilitation Res Development 42:413-422 doi:http://dx.doi.org/10.1682/JRRD.2004.07.0079

MacKenzie CL, Iberall T (1994). The grasping hand. Elsevier, Amsterdam, Neth, pp 15-42

Mathiassen SE, Winkel J, H gg GM (1995) Normalization of surface EMG amplitude from the upper trapezius muscle in ergonomic 
studies-a review. J Electromyography Kinesiology 5:197-226. doi:http://dx.doi.org/10.1016/1050-6411(94)00014-X

Masson ME, Bub DN, Breuer AT (2011) Priming of reach and grasp actions by handled objects. J Experimental Psychology: Human 
Perception Performance 37:1470-1484. doi: http://dx.doi.org/10.1037/a0023509

Michaelsen SM, Jacobs S, Roby-Brami A, Levin MF (2004) Compensation for distal impairments of grasping in adults with hemiparesis. 
Experimental Brain Research 157:162-173 doi:http://dx.doi.org/10.1007/s00221-004-1829-x

Michaelsen SM, Luta A, Roby-Brami A, Levin MF (2001) Effect of trunk restraint on the recovery of reaching movements in hemiparetic 
patients. Stroke 32:1875-1883. doi:http://dx.doi.org/10.1161/01.STR.32.8.1875

Morey-Klapsing G, Arampatzis A, Bruggemann GP (2004) Choosing EMG parameters: Comparison of different onset determination 
algorithms and EMG integrals in a joint stability study. Clinical Biomechanics 19:196-201. doi:http://dx.doi.org/10.1016/
j.clinbiomech.2003.10.010

Murphy MA, Sunnerhagen KS, Johnels B, Will n C (2006) Three-dimensional kinematic motion analysis of a daily activity drinking from 
a glass: A pilot study. J Neuroengineering  Rehabilitation 3:1-11. doi:http://dx.doi.org/10.1186/1743-0003-3-18

Murphy MA, Will n C, Sunnerhagen KS (2011) Kinematic variables quantifying upper-extremity performance after 
stroke during reaching and drinking from a glass. Neurorehabilitation Neural Repair 25:71-80. doi:http://dx.doi.o
rg/10.1177/1545968310370748

Napier JR (1956) The prehensile movements of the human hand. Bone Joint J 38:902-913

Ochia RS, Cavanagh PR (2007) Reliability of surface EMG measurements over 12 hours. J Electromyography Kinesiology 17:365-371. 
doi:http://dx.doi.org/10.1016/j.jelekin.2006.01.003

Paine RM, Voight M (1993) The role of the scapula. J Orthopaedic Sports Phys Therapy 18: 386-391. doi:http://dx.doi.org/10.2519/
jospt.1993.18.1.386

Park SA, Lee AY, Kim JJ, Lee KS, So JM, Son KC (2014b) Electromyographic analysis of upper and lower limbs muscles during 
gardening tasks. Kor J Hort Sci Technol 32:710-720. doi:http://dx.doi.org/10.7235/hort.2014.14059

Park SA, Lee AY, Lee GJ, Kim DS, Kim WS, Shoemaker CA, Son KC (2016a) Horticultural activity interventions and outcomes: A 
Review. Kor J Hort Sci Technol 34:513-527. doi:http://dx.doi.org/10.12972/kjhst.20160053

Park SA, Lee AY, Lee KS, Son KC (2014a) Gardening tasks performed by adults are moderate- to high-intensity physical activities. 
HortTechnology 24:1-6 

Park SA, Lee AY, Lee WL, Son KC, Kim DS (2016b) Gardening intervention for physical and psychological health benefits in elderly 
women at community centers. HortTechnology 24:474-483

Park SA, Lee HS, Lee KS, Son KC, Shoemaker CA (2013a) The metabolic costs of gardening tasks in children. HortTechnology 23:589-
594 

Park SA, Lee KS, Son KC (2011) Determining exercise intensities of gardening tasks as a physical activity using metabolic equivalents in 
older adults. HortScience 46:1706-1710 

Park SA, Oh SR, Lee KS, Son KC (2013b) Electromyographic analysis of upper limb and hand muscles during horticultural activity 
motions. HortTechnology 23:51-56

Park SA, Shoemaker CA, Haub MD (2008) Can older gardeners meet the physical activity recommendation through gardening? 
HortTechnology 18:639-643 

Park SA, Shoemaker CA, Haub MD (2009) Physical and psychological health conditions of older  adults classified as gardeners or 
nongardeners. HortScience 44:206-210

Potten YJM, Seelen HAM, Drukker J, Reulen JPH, Drost M R (1999) Postural muscle responses in the spinal cord injured persons during 
forward reaching. Ergonomics 42:1200-1215. doi:http://dx.doi.org/10.1080/001401399185081 

Relf D (2008) Historical perspective on theoretical models for research and program development in horticultural therapy. Acta Hort 
115:79-91. doi:http://dx.doi.org/10.17660/ActaHortic.2008.775.9

Robertson, G., Caldwell, G., Hamill, J., Kamen, G., & Whittlesey, S. (2013) Research methods in biomechanics. Ed 2, Human Kinetics, 
Champaign, IL, USA

Roby-Brami A, Jacobs S, Bennis N, Levin MF (2003) Hand orientation for grasping and arm joint rotation patterns in healthy subjects 
and hemiparetic stroke patients. Brain Res 969:217-229. doi:http://dx.doi.org/10.1016/S0006-8993(03)02334-5 

R nnqvist L, R sblad B (2007) Kinematic analysis of unimanual reaching and grasping movements in children with hemiplegic cerebral 
palsy. Clinical Biomechanics 22:165-175. doi: http://dx.doi.org/10.1016/j.clinbiomech.2006.09.004

Son KC, Jung SJ, Lee AY, Park SA (2016) The theoretical model and universal definition of horticultural therapy. Acta Hort 1121:79-88. 
doi: http://dx.doi.org/10.17660/ActaHortic.2016.1121.12

Shumway-Cook A, Woollacott MH (2001) Motor control: Theory and practical applications. Ed 2, Lippincott Williams & Wilkins, 
Baltimore, MD, USA

Tyldesley B, Grieve J (2009) Muscles, nerves and movement: In human occupation. Hoboken, NJ, USA, pp 117-120

van Andel CJ, Wolterbeek N, Doorenbosch CA, Veeger DH, Harlaar J (2008) Complete 3D kinematics of upper extremity functional 
tasks. Gait Posture 27:120-127. doi:http://dx.doi.org/10.1016/j.gaitpost.2007.03.002



Kinematic and Kinetic Analysis of Upper Limb Motions during Horticultural Activities

Korean Journal of Horticultural Science & Technology 958

Vandenberghe A, Levin O, De Schutter J, Swinnen S, Jonkers I (2010) Three-dimensional reaching tasks: Effect of reaching 
height and width on upper limb kinematics and muscle activity. Gait Posture 32:500-507. doi:http://dx.doi.org/10.1016/
j.gaitpost.2010.07.009

Whittle MW (2002) Gait analysis: An introduction. Ed 3, Butterworth-Heinemann, Oxford, UK

World Health Organization (WHO) (2012) WHO global database on body mass index. http://apps.who.int/bmi/index.jsp/. Accessed 5 
July 2016

Xie Y, Szeto GP, Dai J, Madeleine P (2016) A comparison of muscle activity in using touchscreen smartphone among young people 
with and without chronic neck–shoulder pain. Ergonomics 59: 61-72. doi:http://dx.doi.org/10.1080/00140139.2015.1056237

Yun SY, Lee TY, Park SY, Yi JB, Kim JH (2008) Muscle activity and a kinematic analysis of drinking motion. J Kor Soc Occupational 
Therapy 16:77-88


