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Abstract
Objective: Bimanual skill in the operating room is essential to the maturation of surgical trainees, yet
normative data on surgeon grip strength and dexterity are limited. Comparing dominant-non-dominant
hand asymmetry and absolute performance across various stages of surgical training allows educators
to identify areas for improvement and assess how targeted interventions can enhance surgical
performance.

Methods: A cross-sectional study was conducted among medical students, surgical residents, and
faculty. Hand strength was evaluated using a hydraulic dynamometer and pinch gauge across 4 tasks
(hand grip, tip pinch, key-pinch, and palmar pinch). Manual dexterity was evaluated using the Purdue
Pegboard across 4 tasks (dominant, non-dominant (ND), both-hand, and assembly). Within-subject
asymmetry differences were analyzed using paired t-tests, and between-group comparisons across
training stages using one-way ANOVA (α=0.05).

Results: One hundred and one participants (45 medical students, 39 residents, 17 faculty) were included.
For hand strength, asymmetry of palmar pinch differed by training stage (p = 0.04), with faculty showing
less dominant–ND difference. In faculty 3 out of 4 measures showed symmetry between dominant and
ND hands, compared to 1 out of 4 measures in medical students.

For dexterity again faculty had no significant asymmetry between dominant and ND hands (p = 0.344)
compared to medical students and residents who demonstrated asymmetry between hands (p = 0.02
and p = 0.001 respectively).

Hand strength did not differ among the three groups. Manual dexterity similarly did not differ across
stage of surgical training, except for the both-hand task, where medical students outperformed residents
and faculty (p = 0.02).

Conclusions: Faculty showed greater hand symmetry strength and manual dexterity. However, strength
and dexterity did not increase with progression through surgical training. These findings establish
quantitative baselines for strength and dexterity that can be used to guide future studies evaluating
targeted educational interventions to improve bimanual surgical skill rather than overall strength or
dexterity.

Introduction
Bimanual skill in the operating room is essential to the maturation of surgical trainees. Utilizing both
hands proficiently during an operation confers technical advantages, which may reduce operative time
and minimize complications.1 Across multiple surgical specialties, individual steps within an operation

may show laterality bias and can benefit from effective use of both hands.2–4
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While true ambidexterity is uncommon, bimanual skill can be fostered through targeted training
interventions.5 These are often in the form of direct, task-specific practice with the non-dominant (ND)
hand.6 Additionally, studies have shown that interventions targeting the ND hand, confers benefits in

both hands.7,8 Despite this, actionable guidance on formal bimanual skills development during surgical
training remains limited. One potential factor contributing to this is the lack of normative data on
surgeons’ grip strength and manual dexterity. Prior studies have largely examined these measures in
relation to gender, specialty, or handedness, often emphasizing assumed innate differences rather than
describing how levels of strength and dexterity may change throughout surgical training.9–12 However,
studies categorizing baseline strength and dexterity across training stages are limited.

Fitts and Posner's model of motor skill acquisition provides one framework for interpreting these
measures: with practice, task performance progresses from cognitively demanding movements toward
automatically coordinated execution.13 Muscle fatigue and weakness are often cited as barriers to

surgical skill, with trainees experiencing this to a greater degree than experienced surgeons.14–16

Similarly, technical dexterity barriers such as instrument handling, time, and motion further comprise
areas of improvement for trainees.17,18 These can be measured through various measures of grip
strength and manual dexterity tasks, such as hydraulic dynamometers and the Purdue Pegboard
task.19,20 Understanding baseline measures of surgical trainees allows for tracking over time and can aid
in exploring how targeted interventions enhances surgical performance.

Thus, we conducted a cross-sectional study comparing hand strength and dexterity in dominant and ND
hands across training stage in medical students, residents, and faculty comparing how dominant-ND
asymmetry differed across training stages.

Methods

Study Design and Data Collection
This cross-sectional study evaluated hand strength and dexterity among medical students, surgical
residents, and surgical faculty in the department of surgery from a single academic center. A
convenience sample included medical students undergoing their surgical clerkship and current general
surgery residents and faculty during skill simulation activities throughout the year. Before testing,
participants completed a self-administered survey reporting age, sex, glove size, writing hand, and
training role. The study protocol (Pro00062197) was determined to be exempt by the local Institutional
Review Board and informed consent was obtained from all individual participants at the start of data
collection.

Grip Strength Assessment
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Grip strength was assessed as a conceptually relevant measure to sustained instrument holding,
retraction, or stapling. This was evaluated using the Jamar Hydraulic Hand Dynamometer (Model 63785;
Sammons Preston, USA) following standard protocols (Fig. 1a).20–22 Participants were seated in a chair
with feet flat on the floor, elbows flexed to 90°, and wrists in a neutral position. Maximal isometric grip
force was recorded to the nearest kilogram. Each hand was tested three times, beginning with the
dominant hand. The mean force for each hand was calculated for analysis.

Pinch Strength Assessment
Pinch strength was assessed in three configurations (key pinch, palmar pinch, and tip pinch) as a
conceptually relevant measure to actions in the operating room including direct retraction of tissue,
using forceps, and holding retractors. This was evaluated using a Jamar Hydraulic Pinch Gauge (Model
52603; Sammons Preston, USA) (Fig. 1b-d). Participants were seated on a chair with feet flat on the floor,
shoulders adducted, elbows flexed at 90 degrees, and forearms and wrists in a neutral position. Each
pinch configuration was performed three times per hand, with all measurements recorded. The mean
force across trials was calculated for each hand.

Dexterity Assessment
Hand dexterity was assessed using the Purdue Pegboard Test (Model 32020A; Lafayette Instrument
Company, USA) as a standardized measure of fine motor coordination.19 The pegboard consists of two
parallel rows of 24 holes. Participants completed four standardized trials. The first trial instructed
participants to place as many metal cylindrical pegs as possible into a single row within 30 seconds
using their dominant hand. The second trial assessed the non-dominant hand using the same procedure.
The third trial required simultaneous bimanual peg placement for 30 seconds, with both hands working
in coordination. The fourth trial assessed bimanual assembly skills relevant to coordinated hand
function. In this trial, participants inserted a peg into a pegboard hole with the dominant hand, followed
by placing a washer with the non-dominant hand, a collar with the dominant hand, and a second washer
with the non-dominant hand. This alternating sequence was repeated for 60 seconds. The total number
of peg-collar-washer assembly components was recorded as the primary outcome for this trial.

Statistical Analysis
Descriptive statistics were reported for categorical (frequency, %) and continuous (mean, SD) variables.
Within-subject differences in hand asymmetry were evaluated using paired t-tests to account for
repeated measurements within participants. Between-group comparisons across training stages were
performed using one-way analysis of variance (ANOVA) to assess differences among groups, followed
by post-hoc Tukey tests to adjust for multiple comparisons. Because this exploratory study used a
convenience sample, no a priori sample-size or power calculation was performed. Data were inspected
for normality and equal variance assumptions prior to analysis. Statistical significance was defined as α 
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= 0.05, and effect sizes were reported where appropriate to contextualize the magnitude of observed
differences. Statistical analyses were performed using R (version 9.0, 2025 The R Foundation for
Statistical Computing, Vienna, Austria).

Results

Participant Demographics
A total of 101 participants were included: 45 medical students, 39 residents, and 17 faculty. Mean age
increased across training stages (medical students 26.2 years, residents 31.8 years, and faculty 46.1
years, p < 0.001). Sex distribution, right-hand dominance, and glove-size distribution did not differ
detectably among groups (p = 0.204, p = 0.497, and p = 0.322, respectively). Most participants were self-
reported right-hand dominant (85%), with 14% left-handed and 1% ambidextrous. Glove sizes were evenly
distributed, with 51% ≤6.5 and 49% >6.5 (mean glove size = 6.8 ± 0.6). Additional demographic
characteristics are shown in Table 1.
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Table 1
Participant Demographics and
Baseline Characteristics (n = 

101)
Characteristic n (%)

Sex  

Female 54 (53%)

Male 46 (46%)

Prefer not to say 1 (1%)

Age  

20–29 52 (51%)

30–39 39 (39%)

40–49 4 (4%)

50–59 4 (4%)

60–69 2 (2%)

Hand dominance  

Right 86 (85%)

Left 14 (14%)

Ambidextrous 1 (1%)

Glove Size  

5-5.5 5 (5%)

6-6.5 47 (47%)

7-7.5 42 (42%)

8-8.5 7 (7%)

Training Level  

Medical Student 45 (45%)

Resident 39 (39%)

Faculty 17 (17%)

Differences in Hand Strength
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Faculty had a significantly stronger palmar pinch than medical students and residents (p = 0.04). No
other measures showed a difference across training stage. In 3 out of 4 measures of strength there was
no difference in dominant and ND hands in faculty. This contrasted with residents and medical students
who demonstrated asymmetry between dominant hand and ND hand strength in 3 of 4 measures
(medical students hand grip p < 0.001, tip pinch p = 0.007, palmar pinch p = 0.005, residents (hand grip p 
< 0.001, key pinch p = 0.043, palmar pinch p = 0.003).

Differences in Dexterity
Faculty demonstrated no significant asymmetry between dominant and ND hands in performance on the
Purdue Pegboard scores. This contrasts with the medical students and residents whose dominant hands
showed higher Purdue Pegboard scores than ND hands (p = 0.022 and p = 0.001, respectively).

Strength and Dexterity Distribution
Mean and standard deviations (SD) for strength and dexterity stratified by training stage and hand are
displayed in Tables 2–3. Hand strength did not differ significantly across training stages for any test in
either hand (Table 2). For dexterity, dominant hand, ND hand, and assembly tasks did not significantly
differ across training stages. However, both-hand Purdue Pegboard performance differed significantly
across groups, with medical students outperforming residents and faculty (mean pegs 13.0 vs. 12.0 and
11.5 respectively, p = 0.023) (Table 3).
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Table 2
Hand Strength by Training Level and Hand Dominance

Group Dominant (mean ± 
SD, lbs)

ND

(mean ± SD,
lbs)

Difference (Dominant –
ND, 95% CI)

p-value

Hand Grip

Medical Student 81.9 ± 22.6 74.5 ± 23.1 7.36 (4.41–10.31) < 0.001

Resident 91.8 ± 26.7 84.3 ± 25.9 7.43 (4.41–10.46) < 0.001

Faculty 93.8 ± 26.0 89.6 ± 29.1 4.17 (-0.41–8.74) 0.072

Between-group p-
value (ANOVA)

0.109† 0.065‡ 0.441§ –

Tip Pinch

Medical Student 10.9 ± 3.7 9.9 ± 3.1 0.99 (0.28–1.70) 0.007

Resident 12.3 ± 4.3 11.4 ± 4.7 0.89 (-0.04–1.83) 0.060

Faculty 12.2 ± 4.0 12.4 ± 4.2 -0.21 (-0.96–0.55) 0.571

Between-group p-
value (ANOVA)

0.239† 0.060‡ 0.210§ –

Key Pinch

Medical Student 18.1 ± 5.3 17.3 ± 5.6 0.82 (-0.02–1.65) 0.054

Resident 20.0 ± 6.5 18.9 ± 6.2 1.04 (0.03–2.04) 0.044

Faculty 19.9 ± 5.8 18.3 ± 5.2 1.64 (0.79–2.48) < 0.001

Between-group p-
value (ANOVA)

0.312† 0.447‡ 0.578§ –

Palmar Pinch

Medical Student 16.5 ± 3.7 15.3 ± 3.9 1.19 (0.38–2.00) 0.005

Resident 17.2 ± 5.0 16.0 ± 4.8 1.19 (0.43–1.94) 0.003

Faculty 16.5 ± 4.1 17.0 ± 4.4 -0.50 (-1.61–0.61) 0.36

Values represent mean ± SD strength (lbs). Difference represents dominant − non-dominant strength
with 95% confidence intervals (CI). Within-group comparisons used paired t-tests; between-group
comparisons used ANOVA. ND, non-dominant; CI, confidence interval; ANOVA, analysis of variance

† ANOVA comparing dominant hand strength across training levels.

‡ ANOVA comparing non-dominant hand strength across training levels.

§ ANOVA comparing dominant–non-dominant asymmetry across training levels.
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Group Dominant (mean ± 
SD, lbs)

ND

(mean ± SD,
lbs)

Difference (Dominant –
ND, 95% CI)

p-value

Hand Grip

Between-group p-
value (ANOVA)

0.740† 0.385‡ 0.040§ –

Values represent mean ± SD strength (lbs). Difference represents dominant − non-dominant strength
with 95% confidence intervals (CI). Within-group comparisons used paired t-tests; between-group
comparisons used ANOVA. ND, non-dominant; CI, confidence interval; ANOVA, analysis of variance

† ANOVA comparing dominant hand strength across training levels.

‡ ANOVA comparing non-dominant hand strength across training levels.

§ ANOVA comparing dominant–non-dominant asymmetry across training levels.

Table 3
Purdue Pegboard Dexterity Performance by Training Level

Group Dominant

(mean ± 
SD)

Non-
dominant

(mean ± 
SD)

Difference
(Dominant –
ND, 95% CI)

p-
value¶

Both
Hands
(mean ± 
SD)

Assembly
(mean ± SD)

Medical
Student

16.9 ± 2.5 15.8 ± 2.2 1.16 (0.18–
2.14)

0.022 13.0 ± 2.2 35.3 ± 6.8

Resident 16.3 ± 2.8 15.0 ± 2.3 1.28 (0.55–
2.01)

0.001 12.0 ± 1.9 36.3 ± 8.5

Faculty 16.5 ± 2.4 15.7 ± 2.6 0.76 (-0.90–
2.43)

0.344 11.5 ± 1.9 31.5 ± 10.4

Between-
group p-
value
(ANOVA)

0.537† 0.300‡ 0.828§ – 0.023 0.129

Values represent mean number of pegs placed for single-hand and both-hand tasks and number of
components for the Assembly task. Difference represents dominant − non-dominant performance
with 95% confidence interval (CI). Within-group comparisons used paired t-tests; between-group
comparisons used one-way analysis of variance (ANOVA). CI, confidence interval; ANOVA, analysis
of variance

† Dominant hand performance across training levels

‡ Non-dominant hand performance across training levels

§ Dominant − non-dominant asymmetry across training levels

¶p-values correspond to within-group comparisons of dominant vs non-dominant hands using paired
t-tests
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Discussion

Summary of Findings
We conducted a cross-sectional study evaluating dominant and ND hand strength and dexterity
differences across surgical training stages. Faculty demonstrated greater symmetry between their
dominant and ND hands in both hand strength and manual dexterity. Medical students and residents
consistently had asymmetry between their hands with their dominant hand being stronger and more
dexterous than their ND hand. These suggest that surgical expertise may not be characterized by
increases in absolute hand strength or baseline dexterity but rather by more balanced bimanual skill and
increased functionality of the ND hand. This interpretation is consistent with studies demonstrating
superior bimanual dexterity with specific operative tasks and instrument handling, such as speed of
robotic suturing.23,24

Absolute strength values and global dexterity did not differ significantly across training stages,
suggesting that increasing surgical experience is not associated with greater overall hand strength or
global dexterity as measured by our selected instruments. In contrast, medical students outperformed
faculty and residents in the both-hand Purdue Pegboard task. These findings are consistent with prior
studies in the general population that show strength and dexterity decreases with age.25

The improvements in symmetry of hand strength and dexterity among experienced surgeons is likely
related to operative practice, where frequent use of the non-dominant hand for retraction, tissue
manipulation, and dissection may promote development of more balanced strength and dexterity, even if
absolute levels do not increase. For instance, the palmar pinch strength task has a plausible construct
relevant relationship to gripping and retracting with forceps. Fitts and Posner’s motor learning framework
explains this through task-specific practice that builds development of skill expertise.13 These results
support emphasis on bimanual practice as a key component of surgical skill acquisition with feedback
focused on deliberate non-dominant hand practice during simulation or operative experience during
training.5–8 Emphasis on bimanual training may also be particularly helpful for left-handed trainees, who
are underrepresented and often report barriers to learning, which may discourage these trainees from
pursuing a surgical specialty or lead to technical performance issues early in training.26–28

Limitations
This study has several limitations. First, convenience sampling and differing recruitment channels may
have introduced selection bias. Second, the sample size of resident and faculty participants limited
statistical power for subgroup analyses by specific trainee year or surgical subspecialty. For example,
robotic surgeons may have different patterns compared to surgeons who primarily operate
laparoscopically or open.29 Third, this study evaluated baseline motor characteristics rather than real-
world surgical performance, and the generalizability of how these measures directly translate to
operative proficiency remains to be explored.
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improved Purdue Pegboard performance has been associated with smaller hand size and female
sex.30,31 These anatomical factors may contribute to variability in baseline performance across
individuals and variability in performance on these tasks across individuals, with unknown relationships
to surgically relevant strength and dexterity.18,26,27

Future Directions
Future work should focus on educational interventions designed to improve non-dominant hand function
and bimanual skill in surgical trainees, as prior work has shown that training the ND hand improves
dominant hand skills and decreases fatigue of both hands.7 Simulation-based training modules,
structured non-dominant hand practice, and motion-tracking assessments may provide objective ways to
evaluate and enhance bilateral motor performance. Finally, studies incorporating larger faculty cohorts
and specialty-specific analyses may help clarify how operative practice patterns influence hand
symmetry and motor skill development over time.

Conclusion
Faculty showed more balanced strength and dexterity of their hands, likely reflecting adaptation to
operative tasks that require effective non-dominant hand utilization. Surgical expertise does not appear
to be characterized by greater absolute hand strength or baseline dexterity. These findings suggest that
surgical training should emphasize the development of bimanual coordination and deliberate practice
with the non-dominant hand. Establishing normative benchmarks for hand strength and dexterity
provides a foundation for future studies evaluating targeted educational interventions to improve
bimanual surgical skill.

Page 11/15



included in the study.

Conflict of Interest
The authors have no relevant financial or non-financial interests to disclose

Acknowledgments:
None.

Statements and Declarations: No funds, grants, or other support were received to assist with the
preparation of this manuscript.

Data Availability Statement
The data that support the findings of this study are available from the corresponding author upon
reasonable request.

References
1. Tchantchaleishvili V, Myers PO. Hand Laterality and Acquired Ambidexterity in Surgical Training. Ann

Surg Dec. 2016;264(6):e18–9. 10.1097/sla.0000000000001951.

2. Deora H, Tripathi M, Yagnick NS, Deora S, Mohindra S, Batish A. Changing Hands: Why Being
Ambidextrous Is a Trait That Needs to Be Acquired and Nurtured in Neurosurgery. World Neurosurg
Feb. 2019;122:487–90. 10.1016/j.wneu.2018.11.106.

3. Yaman O, Acaroğlu E. Role of surgeon handedness in transpedicular screw insertion. Acta Orthop
Traumatol Turc. 2014;48(5):479–82. 10.3944/aott.2014.13.0046.

4. Pennington N, Redmond A, Stewart T, Stone M. The impact of surgeon handedness in total hip
replacement. Ann R Coll Surg Engl Sep. 2014;96(6):437–41. 10.1308/003588414x13946184902488.

5. Powers TW, Bentrem DJ, Nagle AP, Toyama MT, Murphy SA, Murayama KM. Hand dominance and
performance in a laparoscopic skills curriculum. Surgical Endoscopy And Other Interventional
Techniques. 2005/05/01 2005;19(5):673–677. 10.1007/s00464-003-8290-y

6. Skinner A, Auner G, Meadors M, Sebrechts M. Ambidexterity in laparoscopic surgical skills training.
Stud Health Technol Inf. 2013;184:412–6.

7. Nieboer TE, Sari V, Kluivers KB, Weinans MJ, Vierhout ME, Stegeman DF. A randomized trial of
training the non-dominant upper extremity to enhance laparoscopic performance. Minim Invasive
Ther Allied Technol Jul. 2012;21(4):259–64. 10.3109/13645706.2011.614256.

Page 12/15



8. ElHawary H, Aldien AS, Salimi A, Abdulkarim S, Gilardino M. Ambidextrous Surgical Skills Training:
What is Left to Do it Right? J Surg Educ Sep. 2025;82(9):103595. 10.1016/j.jsurg.2025.103595.

9. Squire D, Giachino AA, Profitt AW, Heaney C. Objective comparison of manual dexterity in physicians
and surgeons. Can J Surg Nov. 1989;32(6):467–70.

10. Elneel FHF, Carter F, Tang B, Cuschieri A. Extent of innate dexterity and ambidexterity across
handedness and gender: Implications for training in laparoscopic surgery. Surg Endosc.
2008;01(1):31–7. 10.1007/s00464-007-9533-0. /01 2008.

11. Lombana NF, Naeger PA, Padilla PL, Falola RA, Cole EL. Ambidexterity in left-handed and right-
handed individuals and implications for surgical training. Baylor University Medical Center
Proceedings. 2022/02/16. 2022;35(2):176–179. 10.1080/08998280.2021.2008585

12. Constansia RDN, Hentzen JEKR, Buis CI, Klaase JM, de Meijer VE, Meerdink M. Is surgical
subspecialization associated with hand grip strength and manual dexterity? A cross-sectional study.
Annals Med Surg. 2022;73.

13. Fitts PM, Posner MI. Human performance. Human performance. Brooks/Cole;; 1967.

14. Thurston T, Dolan JP, Husain F, et al. Assessment of muscle activity and fatigue during laparoscopic
surgery. Surg Endosc Sep. 2022;36(9):6672–8. 10.1007/s00464-021-08937-6.

15. Gandhi S, Sehat AJ, Shapiro ME, Narula N. A Study of Grip Strength in Residents and the Relation to
Surgical Instrumentation Use, Gender, and Glove Size. Am Surg May. 2026;92(5):1599–605.
10.1177/00031348251399188.

16. Lakhiani C, Fisher SM, Janhofer DE, Song DH. Ergonomics in microsurgery. Journal of Surgical
Oncology. 2018/10/01 2018;118(5):840–844. https://doi.org/10.1002/jso.25197

17. Shebrain S, Mahmood G, Munene G, Miller L, Collins J, Sawyer R. The Role of Manual Dexterity and
Cognitive Functioning in Enhancing Resident Operative Autonomy. J Surg Educ Nov-Dec.
2019;76(6):e66–76. 10.1016/j.jsurg.2019.06.002.

18. Tang R, Kochis M, Chen D, et al. Challenges Experienced by Surgical Trainees With Small Hand Size:
A Multi-Institutional Mixed Methods Study. J Surg Educ Jan. 2026;83(1):103727.
10.1016/j.jsurg.2025.103727.

19. Causby R, Reed L, McDonnell M, Hillier S. Use of objective psychomotor tests in health
professionals. Percept Mot Skills. 2014;118(3):765–804. 10.2466/25.27.PMS.118k27w2.

20. Nilsen T, Hermann M, Eriksen CS, Dagfinrud H, Mowinckel P, Kjeken I. Grip force and pinch grip in an
adult population: Reference values and factors associated with grip force. Scand J Occup Ther.
2012;2012/05(01):288–96. 10.3109/11038128.2011.553687.

21. Hodges L, Adams J. Grip Strength and Dexterity: A Study of Variance between Right- and Left-
Handed Healthy Individuals. Br J Hand Therapy. 2007;12(1):15–21. 10.1177/175899830701200102.

22. Liu C-j, Marie D, Fredrick A, Bertram J, Utley K, Fess EE. Predicting hand function in older adults:
evaluations of grip strength, arm curl strength, and manual dexterity. Aging Clin Exp Res.
2017/08/01 2017;29(4):753–60. 10.1007/s40520-016-0628-0

Page 13/15



23. Hofstad EF, Våpenstad C, Chmarra MK, Langø T, Kuhry E, Mårvik R. A study of psychomotor skills in
minimally invasive surgery: what differentiates expert and nonexpert performance. Surg Endosc
Mar. 2013;27(3):854–63. 10.1007/s00464-012-2524-9.

24. Yang JY, Son YG, Kim TH, et al. Manual Ambidexterity Predicts Robotic Surgical Proficiency. J
Laparoendosc Adv Surg Tech A Dec. 2015;25(12):1009–18. 10.1089/lap.2015.0288.

25. Stijic M, Petrovic K, Schwingenschuh P, Koini M, Schmidt R. The Purdue Pegboard Test: Normative
Data From 1,355 Healthy People From Austria. Am J Occup Therapy. 2023;77(3):7703205030.
10.5014/ajot.2023.050023.

26. Denison ME, Awad K, Gillen JR, Nussbaum MS, Collier BR. Issues and Strategies in Training Left-
Handed Surgeons. Am Surg Dec. 2023;89(12):5107–11. 10.1177/00031348231175119.

27. Gilbert TJ, Anderson MS, Byrnes ME, et al. The Inequitable Experiences of Left-Handed Medical
Students in Surgical Education. Acad Med Aug. 2024;1(8):868–73.
10.1097/acm.0000000000005627.

28. Prasad NK, Kvasnovsky C, Wise ES, Kavic SM. The Right Way to Teach Left-Handed Residents:
Strategies for Training by Right Handers. J Surg Educ Mar-Apr. 2018;75(2):271–7.
10.1016/j.jsurg.2017.07.004.

29. Badalato GM, Shapiro E, Rothberg MB, et al. The da vinci robot system eliminates multispecialty
surgical trainees' hand dominance in open and robotic surgical settings. Jsls Jul-Sep. 2014;18(3).
10.4293/jsls.2014.00399.

30. Peters M, Servos P, Day R. Marked sex differences on a fine motor skill task disappear when finger
size is used as covariate. J Appl Psychol Feb. 1990;75(1):87–90. 10.1037/0021-9010.75.1.87.

31. Wichelhaus A, Harms C, Neumann J, et al. Parameters influencing hand grip strength measured with
the manugraphy system. BMC Musculoskelet Disord Feb. 2018;14(1):54. 10.1186/s12891-018-
1971-4.

Figures

Page 14/15



Figure 1

Hand strength assessment protocol.

a) Participant positioned seated with arm at side, elbow flexed to 90° using the Jamar hydraulic
dynamometer; b) tip pinch measurement, c) key pinch measurement, and d) palmar pinch
measurement
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