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Delayed effects of a 20-minute crushed ice application on knee
joint position sense assessed by a functional task during a re-warming
period.
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Abstract
Introduction: The effect of cryotherapy on joint positioning presents conflicting debates as to
whether individuals are at an increased risk of injury when returning to play following
cryotherapy application at the lower limb.
Objectives: The aim of this study was to investigate whether a 20 minute application of crushed
ice at the knee affects knee joint position sense immediately post and up to 20 mins post ice
removal, assessed during a small knee bend. Method: 17 healthy male participants took part
in the study performing a functional task. Using three-dimensional motion analysis (Qualisys
Medical AB Gothenburg, Sweden), kinematics of the knee were measured during a weight
bearing functional task pre and immediately post, 5, 10, 15 and 20 minutes post cryotherapy
intervention. Skin surface temperature (Tsk) cooling was measured via infrared non-contact
thermal imaging (Flir Systems, Danderyd, Sweden) over the anterior and medial aspect of the
knee.
Results: Results demonstrated significant reductions in the ability to accurately replicate knee
joint positioning. A significant increase (P=>0.05) in rotational movement in the transverse
plane occurred, 20 minutes post ice removal.
Discussion: A 20-minute application of crushed ice to the anterior aspect of the nondominant
knee has an adverse effect on knee joint repositioning and dynamic stability, 20 minutes after
ice is removed. In consideration of returning a land-based athlete to dynamic functional
activities, post cryotherapeutic intervention at the knee, clinicians should consider these
findings due to the potential increase risk of injury.
Keywords: Cryotherapy; knee; kinematics; joint position sense.
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Introduction
A common practice within clinical and sporting populations for acute injury management,
cryotherapy is known to provide a multitude of physiological changes [1,2]. Reductions in
oedema, nerve conduction velocity (NCV) [3], and tissue metabolism are reported [4,5,6] in
addition to changes in joint position sense (JPS) and proprioception [7,8]. It is known that
athletes commonly return to field of play following cryotherapy applications of varying
exposure durations at half-time, pitch-side or during competitive play [1]. Ultimately a
therapeutic analgesic affect is intended following the application of cryotherapeutic modalities
and is well reported throughout literature to support early injury management [2,9]. Negative
effects of cold therapy report superficial skin burns [10] and reductions in muscle strength [1].
Tissue cooling modalities used include; frozen peas, cubed ice, crushed ice, wetted ice, cold
water immersion, cold packs [11,12] and whole-body cryotherapy [13]. Consensus proposes
that different therapeutic effects arise across cryotherapy modalities or exposures and
therefore effects may not be equitable [9]. Current literature suggests that crushed ice is a
favourable method of achieving the most efficient analgesic response [11,14,15,16]. Recent
findings however suggest that wetted ice compared to crushed ice appears to be the optimum
choice for cooling the skin surface [12]. Local analgesia has been confirmed at a skin surface
temperature (Tsk) of 13.6°C and reductions in NCV at 12.5°C [3,4], suggesting that a
therapeutic range exists between 10-15°C [11]. To observe whether therapeutic range is
achieved following cryotherapeutic application, non-invasive infrared thermal imaging
cameras serve as an accurate method of quantifying Tsk in sports medicine research [2,15,17].
In addition, a relationship has been shown between Tsk and intramuscular temperature (Tim)
cooling [18], where Tim continues to cool whilst Tsk rewarms and therefore showing a delayed
effect. This poses consideration of the effect on muscle spindle activity and changes in
neuromuscular feedback, which may also be delayed. With athletes in contact sports
commonly returning to the field of play following short cryotherapy applications for the
treatment of pain [1,7]. Previous work proposes a potential risk of injury in athletes commonly
returning to the field of play following short cryotherapy applications for the treatment of pain
[1,7], these include adverse adaptations occurring from potential physiological changes that
may affect the knee joint [7]. However there is a lack of consensus in the literature as to the
effect cryotherapy modalities on JPS, muscle strength and functional stability [1,19].
Awareness of joint position (joint position sense), movement and force, either consciously or
unconsciously summarises clinically the term ‘proprioception’ [20, 21], which have direct
implications to functional stability. A functional way of measuring proprioceptive acuity [22,
23], JPS is reported as the ability of a person to replicate a joint angle [24,25]. To observe
functional movement appropriate to replicating land-based sports, weight bearing tasks are
recommended [26, 27]. To mimic functional performance in athletic populations, JPS may be
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assessed through active angle reproduction (AAR) [22,24,28]. Such proprioceptive deficits
may expose athletes to reduced injury or re-injury risk, [29]. A reduction in accuracy of JPS in
the sagittal plane and knee control in the coronal plane has been shown during the descent
phase of a small knee bend (SKB) after the removal of crushed [7], which supports previous
findings on JPS [29, 30, 31]. Conflicting discussions as to the effects of cooling on JPS and
joint stability exist and literature remains scarce as to the investigation into the longevity of
such effects post cooling [30]. This study therefore aimed to explore the effect of crushed ice
application at the knee, pre cooling and post cooling at 5-minute intervals up to 20 minutes on
knee flexion AAR and knee joint stability. The purpose of this was to inform clinicians on
appropriate local cooling protocols to reduce the risk of injury during competitive play or prior
to returning to exercise.
2. Methods
2.1 Ethics
All participants provided written and verbal consent to take part in the study, and completed a
Physical Activity Readiness Questionnaire (PAR-Q) prior to participation in the study. The
study was conducted according to the Declaration of Helsinki [33] and approved by UCLan
STEMH Ethics Committee.

2.2 Participants
The study was a single group, pre-test-post-test design. Forty potential participants were
screened to participate in the study. Inclusion criteria included; aged between 18-40 years old,
played competitive land-based sports regularly, were currently free from lower limb injury or
with no history of lower limb injuries. Due to the differences in the effect of tissue cooling
across genders an all-male sample was used to maintain homogeneity [34]. Exclusion criteria
included; previous knee joint surgery, referred knee pain to or from the knee, contraindications
to cryotherapy or lower limb injury in the previous 6 months [11]. Seventeen participants met
the inclusion criteria aged 21.8±3.5 years, height 177.9±7.9 Cm, mass 81.1±16.5 Kg, and BMI
25.6±2.8 kg/m2.

2.3 Procedures
Data were collected in a movement analysis laboratory, in order to achieve a stable thermal
state, participants acclimatised to the testing environment for 15 minutes [10,11]. Kinematic
data were collected at 115Hz using a 10 camera Oqus camera system and processed in
Qualisys Track Manager (Qualisys Medical AB, Gothenburg, Sweden), data were then
exported as C3D files and imported to Visual3D software (CMotion Inc., USA). Tsk over the
anterior aspect of the non-dominant knee was measured via a non-invasive infrared thermal
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imaging camera (ThermoVision A40M, Flir Systems, Danderyd, Sweden). In line with current
medical standard protocols, emissivity of the thermal imaging camera was set at 0.97-0.98
[35,36]. Passive retro-reflective markers were applied to specific anatomical landmarks;
anterior superior iliac spine (ASIS), posterior superior iliac spine (PSIS), greater trochanter,
medial and lateral epicondyles of the femur, calcaneus, medial and lateral malleoli, head of
first and fifth metatarsals, central cuneiform. Cluster markers were applied to the anterolateral
aspect of the femur and tibia (Figure 1). Static kinematic images included; radial styloid,
acromion process and lateral epicondyle of the humerus, these markers were then removed
prior to the functional task.

Testing was carried out on the participant’s non-dominant limb in support of earlier literature
[36,37,38]. Previous literature suggests the non-dominant limb should be chosen in such tasks
as it is commonly injured during sport compared to the contralateral limb and is commonly the
weight-bearing limb during dynamic tasks on the field of play [36,37,38]. Participants were
familiarised to the functional task of a SKB, whereby a practice attempt to replicate a 45° knee
movement pattern was completed, prior to testing [39], supporting similar methodology that
suggested JPS observed at the knee should commence between angles of 40° and 80° knee
flexion [40]. To ensure eco-validity of the study, no blindfolds or white noise were used during
testing, as it was felt that this would reduce sensory cues and would not replicate normal
sporting activity [7].

To begin, the participant lay in a semi recumbent position on a plinth, and pre-intervention Tsk
data were collected using a TI camera. Two ROIs were determined by the application of
wooden markers applied to the apex and base of the patella. Five images were collected at
baseline, immediately post cryotherapy removal, and at 5-minute intervals, up to 20 minutes’
post cryotherapy removal. Following Tsk baseline data, the participant was asked to stand
centrally in the middle of the motion analysis cameras and perform five SKB for a baseline
measure. Previous work suggests between 4-5 repetitions of a AAR allows for the stabilisation
of data [22]. The target angle of 45° was held for 5s (Figure 2) supporting previous
methodologies [2,7] and limb position awareness [8]. Participants were then removed from the
motion analysis capture and taken back to the plinth via a wheelchair, and the anatomical
markers on the medial and lateral epicondyles of the femur were removed. Replicating
previous methodologies, a clear plastic bag containing 800g of crushed ice (CI) was applied
to the non-dominant knee over the anterior aspect for an exposure time of 20 minutes [7,11]
covered by a damp microfiber towel and held in place by cling film wrap. On immediate
removal of the CI, five TI images were taken of the anterior and medial aspects of the knee
and the two reflective markers were re-applied. Participants completed five SKB and then
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returned to the plinth for the remainder of 5 minutes. At 5-minute intervals this method was
repeated, with five Tsk images and five SKB completed, up to 20-minutes post. The 20-minute
re-warming period included the time of each proprioceptive assessment at each of the 5minute time points.
2.4 Statistical analysis
Minimum and maximum knee joint ROM in all three planes for the entire SKB functional task
were recorded. Prior to statistical analysis, the averaged value for each time point for each
subject was found. A Shapiro-Wilk test reported that data were normally distributed and
suitable for parametric testing. A repeated measures ANOVA with Least Significant Difference
pairwise comparisons were used to compare differences between timepoints. Statistical
significance level was set at p=0.05. Statistical analysis was conducted via SPSS (Version 22,
SPSS, Inc. Chicago, USA).
3. Results
3.1 Skin surface temperature
ROI over the anterior aspect of the knee were subdivided into ROIA (patella) and ROIB (medial
knee). The repeated measures ANOVA showed significant differences between ROIA and
ROIB and between all time-points (p<0.001, pη2>0.88), Table 1. A further pairwise revealed
significant differences between all time-points indicting rewarming is occurring in both ROIs
up to 20 minutes at which point is has not returned to the baseline temperature, Table 3.
Therapeutic range was met for ROIA (14.6±2.2°C) immediately post cryotherapy removal but
not for ROIB (20.3±3.7°C) at any time point.
3.2 Joint Kinematics
The repeated measures ANOVA showed no significant differences in maximum and range of
motion of the knee in the sagittal and coronal planes. However, a significant difference was
seen in the transverse plane ROM (p=0.016, pη2 =0.31), Table 2. Further post hoc analysis
showed significant incremental differences between 20 minutes’ post cryotherapy removal and
all other time-points (p=0.03 to p=0.004) with the greatest change between 20 minutes and
pre-cooling, which showed a 25% increase in transverse plane ROM. No other significant
differences were recorded between time points for transverse plane ROM, Table 3.
3.3 Interaction between Joint Kinematics and Skin and Intramuscular Temperature
The correlation between skin surface rewarming temperature over the two regions of interest
ROIA and ROIB and transverse plane knee angle ROM were further explored using a Pearson
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correlation coefficient and found to be strongly positively corrected (0.82 and 0.83)
respectively. In addition, the IM cooling was estimated from the equations from Hardaker et
al. [18] who showed that as the surface skin temperature rewarms the IM continues to cool.
Figure 3 shows that as the surface re-warms and the IM continues to cool the transverse plane
knee angle ROM, or knee instability increases.
4. Discussion
Over a 20-minute re-warming period following cryotherapy intervention at the knee, it was
unknown as to whether delayed effects occur in relation to joint stability, neuromuscular
adaptations and JPS. This may be clinically important as in many land-based sports, athletes
return to either functional activities or the field of play following cryotherapy exposures via
breaks in play, or rolling substitutions with a potential increase in susceptibility for injury
proposed from the present findings.
The current study reports significant changes in the rotational range in the transverse plane at
20 minutes’ post cryotherapy removal during a SKB (p<0.05). The current study reports
significant changes in the rotational range in the transverse plane at 20 minutes’ post
cryotherapy removal during a SKB (p<0.05). Although the magnitude of this difference could
be considered small (1.3 degrees), this represents a 25% increase. This is similar in
magnitude to the findings reported by Selfe et al [41] when considering improvements in
stability with a bracing intervention, albeit a reduction in transverse plane range of movement
in this case.
Significant differences between time-point during rewarming were reported over the patella
and medial aspect of the knee, with the patella reaching the therapeutic range for an analgesic
response immediately post crushed ice removal [1, 11]. Tsk did not return to baseline in either
ROI at 20-minutes post intervention removal, which are in agreement with the findings of
Kennet et al [11] who studied a 30-minute rewarming period with a variety of cooling
modalities. The medial aspect of the knee (ROIB) however did not reach therapeutic range
(20.3±3.6°C). Although it is suggested that the application area and modality of cryotherapy
applied may have influenced this result as CI was applied directly over the anterior aspect of
the knee rather than the medial or lateral regions. This may explain the non-significant results
immediately post CI removal throughout all ROM. If cooling was directly applied to medial and
lateral aspects of the knee immediate changes in ROM might have occurred, due to reduction
in afferent information provided by muscle spindles in soft tissue structures surrounding the
knee, which supports similar effects reported by Alexander et al [7]. The application of pitchside cryotherapy however in acute injury management is often applied for less than 10
minutes, and is not always packed around the entire knee joint, so further investigation is
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required to explore the range of common pitch-side practice. In addition, although CI is the
cryotherapy modality supported in the literature [11], wetted ice may have produced a deeper
and consistent cooling effect compared to CI [12].
At 20-minutes post cryotherapy intervention, participants were able to replicate the target
angle of 45°, however a significant increase in the knee range of motion in the transverse
plane at 20 minutes post cooling compared to all other time points. Conduction and convection
has been shown to influence the cooling mechanisms of superficial and deeper soft tissues
[14]. Previous work showed significant negative quadratic relationship between Tsk and Tim
[18], with intramuscular cooling continuing after the removal of an ice pack. We postulate that
this mechanism could have a physiological influence on neuromuscular response 20-minutes
post intervention. This is contrary to previously research, which has suggested that deeper
regions of the sensorimotor system within a joint are not affected by the application of
cryotherapy [42]. In addition, Wassinger et al [41] assumed that deeper mechanoreceptors
were able to compensate for receptors affected by cryotherapy at a superficial level.
The current study proposes that deeper sensorimotor mechanisms may be affected through
the delayed Tim response over a‘re-warming’ period, which could affect proprioceptive
feedback and motor control. A concept which is supported by Uchio et al [30], who reported a
decrease in NCV and altered proprioceptive feedback caused by cryotherapy intervention.
Therefore, as Tsk re-warms Hardaker et al [18] suggested that Tim continues to cool and
affecting the proprioceptive mechanisms and in turn control at the knee due to delayed
intramuscular and ligamentous cooling. However to date literature has not reported the effects
of re-warming on joint control and stability. This is particularly pertinent, as a decrease in
rotational stability at the knee, as seen in this study, is a known injury mechanism at the knee,
therefore it may be suggested there is a risk of injury at 20 minutes’ post cryotherapy removal
through altered mechanoreceptor feedback resulting in reduced proprioceptive control.
In consideration of the known Tsk and Tim relationship suggested in previous literature [18], the
current study proposes that a relationship exists between skin temperature, intra muscular
temperature and transverse plane knee stability over a re-warming period of 20 minutes.
Representative in figure 2, post cryotherapy removal, time-points for Tsk and transverse ROM
were combined with Tim data presented by Hardaker et al [18] and compared to baseline pre
cooled values. The delayed deeper tissue cooling could affect the function of muscle spindle
firing via responsive afferent and efferent signals [42]. Another explanation for the increase in
the transverse plane knee ROM at 20 minutes post cooling, may be due to the continued
cooling effect on the muscular tissues structures surrounding the joint inducing a stiffening
response around the joint producing a compensatory mechanism.
7

The implications of this study has a confounding impact on not only the management of pitchside cryotherapy application but also the application for use in facilitating joint movement
during rehabilitation. The consideration of a controlled re-warming period prior to any closedchain functional movement of the lower limb after icing the knee is important. This may reduce
the chance of injury risk, specifically considering movement patterns for non-contact ACL
injury, by returning to functional activities within this 20-minute window, post cryotherapy
application which has yet to be addressed within the literature. Future considerations into
observation of longer re-warming periods may be of interest to observe the return of baseline
ROM following local joint cooling.
Limitations
In this study we chose to conduct the assessment without blindfolding the participants as this
would represent how the small knee bend would be performed in clinical practice or normal
sporting activities, however allowing visual input may have influenced the assessment of
proprioception. Future research should consider removal of visual cues to ensure changes
observed were due to proprioceptive deficits as visual feedback may have mitigated potential
changes reported here. In addition, we chose to move the participants into position using a
wheelchair to minimise activity and hence standardise between participants, therefore these
results should be taken in context of minimal muscle activity which would influence rewarming.
Another limitation to this study is the lack of control group to ensure no learning effect has
taken place. The monitoring of longer rewarming periods should be considered to investigate
at what point joint control returns to baseline measures.
Conclusion
A 20-minute exposure of crushed ice to the anterior aspect of the non-dominant knee
presented adverse effect on dynamic stability, post 20 minutes following ice removal. This
may be due to delayed neuromuscular responses in deeper tissues affecting sensorimotor
mechanisms and mechanoreceptor feedback through reduced proprioceptive control. When
returning to dynamic functional activities, post cryotherapeutic intervention, clinicians should
consider these findings with the view of potential increase risk of injury.
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