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Evaluating the use of ultrasonography with Doppler to assess peripubertal development and predict breeding soundness examination classifications in ram lambs
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Abstract

The objectives were to evaluate changes in testicular characteristics of peripubertal rams and determine their association with breeding soundness examination (BSE) classifications. We hypothesized that testicular echotexture and blood flow assessed via ultrasonography with Doppler would predict subsequent BSE classifications. Ram lambs (n = 40) were examined on intake for performance testing in May. In May and June, scrotal circumference (SC) and scrotal skin temperature measurements were obtained. Additionally, ultrasonography with Doppler was used to calculate total testicular volume (TTV), assess pixel intensity, and measure resistive (RI) and pulsatility (PI) indices of the right testicular artery. Rams underwent BSE ~ 10 weeks after the initial evaluation and either passed or failed based on SC and sperm quality. SC, TTV, and pixel intensity increased between May and June, whereas RI and PI decreased (p < 0.01). SC and scrotal skin temperature were greater (p = 0.03) for rams with an ‘excellent’ BSE classification than those that failed. SC was also positively correlated (r = 0.53; p < 0.01) with percent normal sperm at BSE. Testicular pixel intensity, RI, and PI did not differ (p ≥ 0.28) based on BSE classification. Decreased (p = 0.01) heart rates on intake in May were reported in rams with ‘excellent’ BSE classifications and associated with greater percent normal sperm (r = 0.42; p = 0.01) at BSE. In conclusion, ultrasonography with Doppler can be useful for assessing peripubertal development in ram lambs but provided limited capability in predicting BSE classification.
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Introduction

Although the number of sheep operations in US has declined during the past 40 years, size of US sheep industry has recently stabilized with potential for growth in the foreseeable future.1 To improve profitability within the sheep industry, producers will rely heavily on the development of new technologies that allow for effective dissemination of valuable genetics. Specifically, there is a need to select for animals that are less prone to developing diseases following exposure to certain pathogens and parasites, due to growing concerns with drug resistance. The Virginia Cooperative Extension reported on the increasingly widespread resistance of parasites to commercial dewormers on Virginia sheep farms.2 The barber pole worm, Haemonchus contortus, is the most detrimental of these parasites with the ability to cause severe anemia and death in affected small ruminant hosts. The use of terminal sire crossbreeding systems has the potential to not only improve growth performance in lambs, but also promote parasite resistance.3

Early selection of reproductively sound rams is the most efficient way to improve genetics within a flock. The Virginia Tech Southwest Ag Research and Extension Center Ram Test was initiated in 2012 to help quantify growth and parasite resistance in rams. Although programs such as these have proven to be useful for selecting genetically valuable sires, the submission of peripubertal ram lambs precludes our ability to predict their reproductive soundness until after the test is completed. As a result, producers may submit ram lambs that perform well in growth performance and parasite resistance testing, but still fail the breeding soundness examination. Unfortunately, this practice may discourage producers from submitting ram lambs for testing due to the expense and uncertainty as to whether they will actually be useable for breeding programs. There is, therefore, a need to develop technologies that may predict future reproductive soundness in ram lambs before they are subjected to performance testing.

Evaluation of breeding soundness in rams includes an assessment of overall health, reproductive organs, and semen evaluation, resulting in a satisfactory, questionable, or unsatisfactory classification.4 Ram lambs subjected to performance testing are typically peripubertal, making it difficult to assess semen quality since spermatogenesis is just beginning. The length of sperm transit in the ram is ~ 42 days (6 weeks), so semen evaluation after performance testing is usually suitable for predicting reproductive soundness prior to sale. However, evaluation of testicular architecture at spermatogenic onset may predict subsequent semen quality and aid in earlier ram selection. Histological evaluation of testicular biopsy samples is one method to evaluate spermatogenic function with no detectable detriment to testicular development in rams.5 However, its usefulness is severely limited by the amount of time and money required to process and analyze samples. Scrotal ultrasonography may be a noninvasive alternative to help predict future fertility in rams. Testicular echotexture on ultrasonography was significantly correlated with changes in testicular microstructure, including seminiferous tubule diameter and presence of mature germ cells in ram lambs.6 Similarly, testicular pixel intensity in bulls was a useful indicator for pubertal and mature status and was associated with sperm production, sperm morphology, and seminiferous tubule area.7 Additionally, blood indices via Doppler of internal iliac artery that supplies blood to accessory sex glands, predicted sperm motility and vigor in Dorper rams.8 The objective was to determine if testicular ultrasonography with Doppler evaluation of the testicular artery may provide veterinarians with an effective means for predicting breeding soundness examination classifications in ram lambs submitted for performance testing.

Materials and methods

Procedures used in this study were approved by the Institutional Animal Care and Use Program at Virginia Tech (Protocol # 19-075). Enrolled ram lambs (n = 40) were randomly selected from those housed at the Shenandoah Valley Agricultural Experiment Station in Raphine, VA for routine performance testing. Ram lambs ranging from 2 to 7 months were classified as either fall-born (average age: 5.9 ± 0.3 months) or winter-born (average age: 3.9 ± 0.2 months). Represented breeds included Suffolks (n = 19), Dorpers (n = 11), and Katahdins (n = 10). On arrival to the facility in late April, ram lambs received oral doses of fenbendazole (10 mg/kg; Panacur, Merck Animal Health, Rahway, NJ, USA), levamisole (8 mg/kg; Prohibit, Agri Laboratories, St. Joseph, MO, USA), and moxidectin (0.2 mg/kg, Cydectin, Elanco, Greenfield, IN, USA) anthelmintics and were vaccinated for respiratory pathogens (1 ml intranasal; Inforce 3, Zoetis, Parsippany, NJ, USA), Clostridium perfringens type C and D and tetani (2 ml; Barvac CD&T ovine, Boehringer Ingelheim Animal Health, Duluth, GA, USA), and contagious ovine ecthyma (Ovine ecthyma vaccine live virus, Colorado Serum Company, Denver, CO, USA). Rams were examined on intake by a veterinarian to detect any signs of illness or testicular and epididymal abnormalities.

Evaluation of ram lambs

Enrolled ram lambs were examined at 1 week after intake (May) and again ~ 7 weeks later (June). At first examination in May, heart and respiratory rates, body condition score (BCS) on a 1-5 scale,9 and FAMACHA score (1-5)10 were determined. In both May and June, scrotal circumference (SC) was measured with a flexible tape by securing it snugly against the greatest horizontal diameter.11 A small strip of hair/wool was shaved on each testis as needed to facilitate scrotal skin temperature measurements and testicular ultrasonography. Rectal temperature was measured using a digital thermometer, and scrotal skin temperature was measured at the proximal, middle, and distal end of the scrotum using a handheld infrared thermometer held ~ 2 inches from the scrotum (Figure 1A). The difference between the proximal and distal end of the scrotum was calculated and recorded as the scrotal skin thermal gradient, whereas the middle temperature was recorded as the scrotal skin temperature. The mean scrotal skin temperature and scrotal skin thermal gradient between 2 testes was recorded and used for analyses.

Figure 1.A. Scrotal skin temperature measurements were acquired using an infrared thermometer, held ~ 2 inches from the scrotum. The middle-most part of the testis was used for the scrotal skin temperature, whereas the difference between measurements acquired at the proximal and distal-most aspects of the testis were used to calculate scrotal skin thermal gradient. B. To determine testicular pixel intensity, 4 ~ 10 mm spots were measured around the mediastinum using ImageJ software and averaged for each testis. C. To measure testicular blood flow, a linear probe was positioned over the scrotal neck of the right testis using B-mode ultrasonography until the testicular vascular cone was visualized. Pulsed wave spectral Doppler was then used to measure the resistive index and pulsatility index of the right testicular artery.
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Ultrasonography was used to measure the length (L) and width (W) of testis to calculate the estimated testicular volume (TV = 0.5236 x L x W2) and ratio (ratio = W/L). Total testicular volume (TTV) for each ram was calculated by adding the TV for the left and right testis. The average testicular ratio between 2 testes in each ram was calculated for analyses. Images obtained via B-mode ultrasonography, where the mediastinum testes in a vertical plane was evident, were saved and used for pixel intensity measurements (Figure 1B). Computer analysis of each image was performed using image analysis software (Image J, US National Institutes of Health, MD, USA), as described.12 Briefly, measurements were taken on each image in 4, ~ 10 mm circles within 10 mm of the mediastinum testis, where the parenchyma appeared homogenous. Inside the circles, pixel intensity was measured according to a shade on a 1 to 255 gray-scale (1 = black; 255 = white). The average pixel intensity between 2 testes in each ram was calculated for analysis. Testicular blood flow was also assessed using ultrasonography equipped with color Doppler (EXAPad Mini, IMV Imaging). Pulsed wave spectral Doppler was performed on the right testis testicular artery to measure pulsatility index (PI) and resistive index (RI) (Figure 1C).

Ram lambs underwent a routine breeding soundness examination (BSE) ~ 10 weeks after the initial evaluation (3 weeks after the second evaluation) in July. In addition to a focused reproductive examination, semen was collected using a hand-held ram ejaculator (Lane Manufacturing) and evaluated by an experienced veterinarian for sperm motility and morphology. Total sperm motility was estimated by immediately evaluating a drop of semen at low power under light microscopy. Concentrated samples were diluted with prewarmed saline to facilitate motility assessments. Sperm morphology was assessed by staining a small drop of semen with eosin-nigrosin stain and counting 100 sperm under light microscopy with oil immersion at 1,000 x magnification. Each sperm was classified as morphologically normal or abnormal, with abnormalities further classified into primary or secondary defects, as described.13,14 Based on modified parameters,15 Rams were allocated into 4 BSE classifications: 1. ‘excellent’- rams with a minimum SC of 31 cm (fall-born) or 30 cm (winter-born) with normal sperm morphology ≥ 90% and sperm motility ≥ 50%; 2. ‘satisfactory’ - rams with a minimum SC of 31 cm (fall-born) or 30 cm (winter-born) with normal sperm morphology ≥ 70% and sperm motility ≥ 30%; 3. ‘questionable’ - rams with a SC of 28-31 cm (fall-born) or 28-30 cm (winter-born) with normal sperm morphology 30-70% and sperm motility ≥ 30%; and 4. ‘fail’ - rams with SC < 28 cm with normal sperm morphology < 30% and/or sperm motility < 30%.

Data analyses

Analyses were performed using R (https://www.r-project.org/). Testicular measurements (SC, TTV, ratio, pixel intensity, RI, PI, scrotal skin temperature, scrotal skin thermal gradient) were analyzed by ANOVA to assess differences based on fixed effects of BSE classification and month of evaluation using ram ID as a random variable and breed and age category (fall versus winter born) as independent covariates. For scrotal skin temperature and thermal gradient, rectal temperature was also included as an independent covariate. Physical examination parameters at first evaluation (May) were also analyzed by ANOVA to assess differences based on the fixed effect of BSE classification, using ram ID as a random variable and breed and age category as independent covariates. A Pearson’s product-moment correlation test was used to identify associations between testicular/physical examination measurements obtained in May or June and percent normal or motile sperm at the final BSE in July. A correlation test was also performed to determine associations between testicular size measurements (SC versus TTV) among months. Strong correlations were designated as those with an r > 0.40, with moderate correlations at r = 0.3-0.40, weak correlations at r = 0.25-0.30, and no correlation at r < 0.25. Significance was declared at p ≤ 0.05 with tendencies discussed between p = 0.06 and 0.09.

Results

Testicular size and shape

The SC measurements obtained in May, June, and July were all positively and significantly correlated with one another, as were TTV measurements (Table 1). Not surprisingly, the strongest correlations were between TTV and SC in May (p < 0.01) and between TTV and SC in June (p < 0.01). Percent normal sperm in July was moderately and positively correlated with SC in May (p = 0.01) and strongly correlated with TTV in May (p < 0.01; Table 2). There was no association between June or July SC or June TTV with percent normal sperm in July. There was also no association between testicular ratio in May or June and percent normal sperm. In addition, percent motile sperm did not have any associations with SC, TTV, or testicular ratio at any month. The effects of BSE classification and month on SC, TTV, and testicular ratio are summarized (Table 3). There were main effects of age category (p < 0.01), breed (p = 0.03), month (p < 0.01), and BSE classification (p = 0.03) on SC measurements, but no BSE classification by month interaction (p = 0.65). Rams that failed BSE in July had smaller (p = 0.03) SC measurements than those that were classified as ‘excellent’. SC measurements were smaller (p < 0.01) in May (25 ± 0.6 cm) than in June (30 ± 0.4 cm), and the older fall-born lambs had greater (p < 0.01) SC (30 ± 0.6 cm) than the younger winter-born lambs (26 ± 0.6 cm). Suffolk ram lambs tended to have smaller (p = 0.09) SC measurements (26 ± 0.7 cm) than Katahdins (29 ± 1.0 cm); but neither differed (p < 0.01) from the Dorpers (28 ± 0.9 cm). It is worth noting that the Dorper ram lambs were, on average, older (6 ± 0.3 months) than the Katahdins (4.4 ± 0.4 months; p < 0.01) and the Suffolks (3.9 ± 0.2 months; p < 0.01); however, the Katahdins and Suffolks did not differ (p = 0.54) in age from each other. Similarly, there were main effects of age category (p < 0.01), month (p < 0.01), and BSE classification (p = 0.02) on TTV measurements, but no effect of breed (p = 0.17) or BSE classification by month interaction (p = 0.28). Rams classified as ‘excellent’ tended to have greater TTV measurements than those classified as ‘questionable’ (p = 0.06) or that failed (p = 0.07). TTV measurements in May (110 ± 10 cm3) were smaller (p < 0.01) than in June (217 ± 11 cm3; p < 0.01), and the older fall-born lambs had greater (p < 0.01) TTV (204 ± 13 cm3) than the younger winter-born lambs (142 ± 12 cm3). There were main effects of month (p < 0.01) and age category (p = 0.05) on testicular ratio, but no effect of breed (p = 0.23), BSE classification (p = 0.88) or BSE classification by month (p = 0.68) interaction. Testicular ratio measurements in May (0.70 ± 0.02) were smaller (p < 0.01) than those in June (0.77 ± 0.01).




Table 1.Correlation coefficients between scrotal circumference measurements of peripubertal ram lambs obtained in May, June, and July and total testicular volume measurements obtained in May and June


	Testicular parameters
	SC May
	SC June
	SC July
	TTV May
	TTV June





	SC May
	
	0.74***
	0.41***
	0.90***
	0.55***



	SC June
	0.74***
	
	0.58***
	0.65***
	0.82***



	SC July
	0.41***
	0.58***
	
	0.27*
	0.64***



	TTV May
	0.90***
	0.65***
	0.27*
	
	0.44***



	TTV June
	0.55***
	0.82***
	0.64***
	0.44***
	



	***p < 0.01, **p = 0.01-0.05, *p > 0.05.








Table 2.Correlation coefficients between testicular parameters of peripubertal ram lambs measured in May or June and percent morphologically normal sperm or percent motile sperm collecting during a routine breeding soundness examination in July


	Testicular parameters
	Month
	Percent normal sperm
	Percent motile sperm





	Scrotal circumference
	May
	0.39**
	0.16



	June
	0.15
	0.07



	July
	−0.007
	0.12



	Total testicular volume
	May
	0.53***
	0.21



	June
	0.04
	−0.12



	Testicular ratio
	May
	−0.17
	−0.2



	June
	−0.1
	−0.008



	Testicular pixel intensity
	May
	0.07
	−0.1



	June
	−0.17
	−0.22



	Resistive index
	May
	0.11
	−0.006



	June
	−0.01
	−0.09



	Pulsatility index
	May
	−0.009
	−0.05



	June
	0.08
	−0.04



	Scrotal skin temperature
	May
	0.24
	0.17



	June
	0.17
	0.25



	Scrotal skin thermal gradient
	May
	0.06
	−0.05



	June
	0.21
	0.1



	Rectal temperature
	May
	0.02
	0.23



	June
	−0.02
	−0.12



	Body condition score
	May
	0.1
	0.12



	Heart rate
	May
	−0.42**
	−0.24



	Respiratory rate
	May
	0.08
	0.08



	FAMACHA
	May
	−0.20
	−0.23



	***p < 0.01, **p = 0.01-0.05.








Table 3.A summary of testicular measurements obtained in May or June based on breeding soundness examination (BSE) classification assigned to a ram lamb in July


	Month
	BSE classification
	SC (cm)
	TTV (cm3)
	Testicular ratio
	Pixel intensity
	RI
	PI
	SST (°C)
	Gradient (°C)





	May
	Excellent
	25.4 ± 0.9a
	130 ± 17a
	0.70 ± 0.03a
	57 ± 4.7a
	0.56 ± 0.05a
	0.99 ± 0.17a
	31.1 ± 0.4a
	2.7 ± 0.3



	
	Satisfactory
	25.6 ± 1.6ab
	120 ± 26ab
	0.71 ± 0.06a
	59 ± 6.5a
	0.56 ± 0.09a
	1.16 ± 0.37a
	30.2 ± 0.7ab
	2.1 ± 0.3



	
	Questionable
	24.6 ± 1.1ab
	109 ± 21b
	0.69 ± 0.05a
	61 ± 4.5a
	0.48 ± 0.07a
	0.76 ± 0.13a
	29.4 ± 0.5b
	2.7 ± 0.6



	
	Fail
	22.9 ± 1.4b
	73 ± 17b
	0.72 ± 0.04a
	59 ± 3.6a
	0.50 ± 0.06a
	0.99 ± 0.20a
	29.7 ± 0.4b
	2.2 ± 0.4



	June
	Excellent
	31.0 ± 0.6c
	235 ± 16c
	0.76 ± 0.02b
	73 ± 5.4b
	0.44 ± 0.06b
	0.77 ± 0.16b
	30.8 ± 0.4a
	1.9 ± 0.2



	
	Satisfactory
	29.6 ± 1.1cd
	220 ± 24cd
	0.74 ± 0.03b
	75 ± 6.9b
	0.36 ± 0.06b
	0.52 ± 0.11b
	30.5 ± 0.5ab
	2.4 ± 0.4



	
	Questionable
	28.9 ± 0.7cd
	175 ± 16d
	0.80 ± 0.03b
	83 ± 8.5b
	0.42 ± 0.08b
	0.56 ± 0.12b
	30.4 ± 0.4b
	1.8 ± 0.4



	
	Fail
	29.4 ± 1.0d
	214 ± 28d
	0.78 ± 0.01b
	85 ± 4.5b
	0.45 ± 0.08b
	0.66 ± 0.13b
	30.5 ± 0.4b
	2.0 ± 0.3



	a-dWithin a column, means without a common superscript differed (p < 0.05).





Testicular echotexture, blood flow, and temperature

Testicular pixel intensity in May and June had no association with percent normal or motile sperm at BSE in July (Table 2). Likewise, there was no main effect of BSE classification (p = 0.28) or BSE classification by month interaction (p = 0.42) on pixel intensity in ram lambs (Table 3), but there were main effects of month (p < 0.01), breed (p < 0.01), and age category (p < 0.01). Testicular pixel intensity was greater (p < 0.01) in June (78 ± 3.1) than in May (59 ± 2.4) and was greater (p = 0.02) in the younger winter-born ram lambs (70 ± 3.1) than older fall-born ram lambs (65 ± 2.7). Interestingly, pixel intensity was greater in Suffolk ram lambs (76 ± 3.2) than Dorpers (60 ± 3.9; p < 0.01) or Katahdins (59 ± 3.4; p < 0.01); however, the Katahdins and Dorpers did not differ (p = 0.93).

Neither RI nor PI in May or June had an association with percent normal or motile sperm at BSE in July (Table 2). There was a main effect of month on RI (p = 0.03) and PI (p = 0.02), but no effects of breed (p ≥ 0.30), age category (p ≥ 0.50), BSE classification (p ≥ 0.69), or BSE classification by month interaction (p ≥ 0.75) on either. In May, RI (0.53 ± 0.03) and PI (0.97 ± 0.1) were greater than in June (RI: 0.43 ± 0.03; PI: 0.66 ± 0.08).

Neither scrotal skin temperature nor scrotal skin thermal gradient in May or June had an association with percent normal or motile sperm at BSE in July (Table 2). There was a main effect of BSE classification (p < 0.01) and a tendency for a BSE by month interaction (p = 0.07) on scrotal skin temperature, as well as interactions with rectal temperature (p < 0.01; Table 3) and age category (p = 0.03), but not month (p = 0.16) or breed (p = 0.12). Ram lambs that were classified as ‘excellent’ had greater scrotal skin temperatures than those classified as ‘questionable’ (p < 0.01) or that failed (p = 0.03). There were no effects of BSE classification (p = 0.94), rectal temperature (p = 0.60), breed (p = 0.82), age category (p = 0.58), or BSE classification by month (p = 0.60) interactions on scrotal skin temperature gradient, but there was a tendency (p = 0.09) for interaction with month (Table 3).

Physical examination parameters

Interestingly, there was a moderate and negative correlation (p = 0.01) between the heart rate measured in May and the percent normal sperm at BSE in July (Table 2). There was no association between heart rate and percent motile sperm. Body condition score, rectal temperature, respiratory rate, and FAMACHA score also did not have any association with percent normal or motile sperm at BSE in July (Table 2). There was a main effect (p = 0.03) of BSE classification on heart rates of ram lambs on intake in May, but no interactions with breed (p = 0.26) or age category (p = 0.99). Heart rates of rams on intake in May were lower (p = 0.05) in rams classified as ‘excellent’ than those that failed BSE (Figure 2A). There were no differences in respiratory rate (p = 0.91), rectal temperature (p = 0.87), or BCS (p = 0.14) measured in May based on BSE classification in July (Figures 2A and 2B). There were also no effects of breed (p = 0.93) or age category (p = 0.65) on respiratory rates; a main effect of breed (p = 0.04), but not age category (p = 0.60) on rectal temperature; and a main effect of age category (p < 0.01), but not breed (p = 0.76) on BCS. There was a main effect of BSE classification (p = 0.02) and a tendency for age category (p = 0.07) to affect FAMACHA score, but no interaction of breed (p = 0.85). Ram lambs that failed BSE had higher (p = 0.02) FAMACHA scores than those classified as ‘questionable’ (Figure 2B).

Figure 2.A summary of physical examination parameters measured in May based on breeding soundness examination (BSE) classification assigned to a ram lamb in July. A. *Heart rate was lower (p = 0.03) in rams that were classified as ‘excellent’ in July than those failed. B. *FAMACHA score was greater (p = 0.02) in rams that failed July BSE than those that were classified as ‘questionable’. There were no differences in respiratory rate, rectal temperature, or body condition score based on BSE classifications.
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Discussion

The results presented herein demonstrated that ultrasonography with Doppler to assess testicular blood flow and echotexture can be used to assess peripubertal development in ram lambs, but is not predictive of sperm motility, morphology, or BSE classification. Not surprisingly, rams that failed BSE in July had smaller SC measurements in May and June compared to those classified as ‘excellent.’ It is worth noting that the Suffolk rams were the youngest breed group represented (average 3.9 months), but their SC did not differ in size from the Dorper rams (average: 6 months). Though the Suffolk rams did not differ significantly in age from the Katahdin rams (average: 4.4 months), they tended to have smaller SC. These findings highlighted important breed characteristics that need to be considered when measuring SC and determining an ideal minimum size in small ruminants. There were also moderate to strong correlations between both SC and TTV measurements obtained in May and the percent of normal sperm measured at the July BSE, but no association between the percent normal sperm and the June SC/TTV measurements. The association with testicular size in May could be indicative of rams entering puberty at an earlier age that would account for those with better sperm morphology. It is possible that a reevaluation of those that did not pass BSE in July may have yielded a passing score at a later date as the rams progressed further into puberty. Seasonality may also have a role in the minimal differences observed, as the performance test is performed during the summer, when daylength is longest. The breeding season subsequently commences in august as the daylength begins declining. Suffolk sheep are a strongly seasonal breed, so it would make sense that their testis size would not be as big in size until the daylength begins decreasing in August compared to Katahdin and Dorper sheep that are less influenced by photoperiod.

An interesting, yet unexpected, finding was that the rams that were classified as ‘excellent’ during their BSE in July had, on average, lower heart rates upon intake in May compared to those that failed BSE. Correspondingly, there was a moderate and negative correlation between the May heart rate measurement and percent of normal sperm observed at the July BSE. Ram temperament may be one explanation for this finding, as it seems feasible that calmer rams would be more likely to have a decreased heart rate upon intake. There are a limited number of studies, however, that have reported minimal to no association between male temperament and semen quality in bulls16,17 and rams.18 Another factor to consider would be individual animal susceptibility to heat stress, as the heart rate increases with elevated ambient temperatures.19 One might expect the opposite effect, however, with rams experiencing elevated heart rate being better able to thermoregulate testicular temperature due to increased efficiency of sensible heat exchange through conduction.20 Interestingly, scrotal skin temperature was also greater in rams that classified as ‘excellent’ versus those that classified as ‘questionable’ or failed, and there was a weak and negative correlation (r = −0.28, p = 0.01) between mean scrotal skin temperature and heart rate. These findings may represent a link between heart rate and scrotal skin temperature that results in decreased susceptibility to the negative effects of heat stress on spermatogenesis. Despite these findings, there were no notable changes in the rectal temperature or respiratory rate based on the BSE classification, nor was there an effect of ram age or breed. Further work is needed to better understand the connection between heart rate and scrotal skin temperature and its associated effect on sperm quality.

The scrotal skin thermal gradient measured herein (1.85-2.50°C) was greater than those reported for haired rams previously (0.5-0.9°C),21 but more in line with those measured in bulls (1.6°C)22 and cross-bred wooled rams (2.8°C).23 Interestingly, the mean scrotal skin temperature measured in the current study was lesser (29.5-30.7°C) than those reported in haired rams (32-34°C)21 and more similar to those reported in bulls (~ 29.9°C).22 Environmental factors may have contributed to these differences as our study was performed during the summer months in southeast US, whereas the previous ram study was performed in the summer months in Brazil,21 and the bull study was performed during summer months in Canada.22 Interestingly, a study in cross-bred wooled rams determined that the scrotal skin temperature measurements differed based on ambient temperatures of 10°C (26.1-28.9°C) versus 25°C (27.6-30.5°C), but the gradient remained the same (2.8°C).23 On the contrary, haired sheep experienced an increase in the temperature gradient in the summer months versus winter.20 Based on these findings, there appears to not only be differences in scrotal skin temperature gradients based on ram breed, but also potential interactions between breed and ambient temperature and humidity indices. Although we identified no effect of breed in our statistical model for the temperature gradient, we did have a combination of haired and wooled sheep in our study, and the breed interaction with environmental temperature fluctuations warrants further investigation. Regardless, the scrotal skin thermal gradient did not differ based on BSE classification or have any correlation with sperm quality in the current study. Further studies that investigate substructural sperm characteristics, such as plasma membrane integrity, DNA fragmentation index, or presence of reactive oxygen species may provide more insight into the relevance of any potential seasonal and breed differences.

Similar to the changes in testicular size, testicular ratio also increased from May to June, but did not differ based on BSE classification. The ratios measured in May were consistent with a long/ovoid shape (testicular ratio of 0.626-0.750) versus those measured in June that were more consistent with an ovoid/spherical shape (testicular ratio of 0.751-0.875).24–26 In contrast to our findings, authors of another study reported that the testes of Dorper rams raised in a subtropical climate became longer and less spherical (increased length, decreased depth) once they reached sexual maturity versus peripuberty.27 Since we did not assess the rams in the current study past the peripubertal stage, it is still possible that the testicular shape would continue to change throughout the year. Interestingly, bulls with longer shaped testes produced more sperm per day than those with more spherical shaped testes, despite the latter having an equal or larger SC.24 Further investigations into the relationship between puberty, testicular shape, and semen quality in rams may be of benefit for clinicians and researchers to better understand its potential usefulness for determining or predicting breeding potential.

Testicular pixel intensity of ram lambs increased between May and June. These findings are consistent with bulls, where testicular echogenicity increased during sexual development.7 Specifically, it was noted that echogenicity began to increase at 16-12 weeks before puberty and reached maximum values 4-0 weeks before puberty.7 Ram lambs in the current study were 2-7 months of age at entry into the test station, and, on average, will undergo puberty between 5 and 7 months of age.28 Consistently, pixel intensity measurements were greater in peripubertal Dorper rams compared to postpubertal rams.27 We identified that the younger, winter-born ram lambs had greater pixel intensity overall compared to the older, fall-born ram lambs that may suggest that the greater pixel intensity observed in June may correspond with near peak values at puberty, and future studies with data expanding into the postpubertal stages could likely find similar patterns as those reported previously. We also identified some differences between breeds in the current study, with the less seasonal breeds (Dorpers and Katahdins) having decreased pixel intensity measurements than the more seasonally influenced Suffolks. Differences in ages may have influenced these breed differences, with Suffolks being significantly younger than the Dorpers. Still, further studies are needed to better evaluate the associations between breeds, seasonality, and testicular pixel intensity to better understand their connection to spermatogenesis.

It has been reported that pixel intensity is significantly correlated with seminiferous tubule cell density, the presence of more pre and undifferentiated spermatogonia, and the mitotic and postmitotic phases of spermatogenesis in the peripubertal ram lamb.6,29 Therefore, we were surprised that testicular pixel intensity did not differ in May or June between rams who passed or failed BSE in July; nor was there any correlation with sperm motility or morphology. These findings are consistent with those reported in bulls, where there was no biological correlation between pixel intensity measurements and semen quality.12 Interestingly, pixel intensity measurements in bulls were useful for identifying animals suffering from testicular fibrosis.12 There is, therefore, still a need to investigate its use in diagnosing subclinical testis pathologies in rams.

A recent study that also utilized testicular ultrasonography to predict fertility in rams similarly identified no correlation between pixel intensity measurements (measured separately as the number of black versus white versus grey pixels) and sperm motility or morphology.30 Interestingly, using ultrasonography video clips and a software program called ECOTEXT®, researchers were able to measure the density of tubules, the percentage of the total area occupied by the lumen of the tubules in the parenchyma, and the mean diameter of the lumen of the seminiferous tubules at high resolution.30 The authors of the article reported a positive correlation between tubular density and both progressive motility and normal sperm morphology.30 In contrast to our study, researchers of that study also reported a small, positive correlation between PI and total sperm motility (r = 0.203), but no correlation with RI (r = 0.186). It is worth noting that semen was collected from each ram monthly over the course of a year in that study.30 In another study, it was determined that rams undergoing a ‘standard frequency’ for semen collection (2 consecutive ejaculates per day and 2 collection days per week) had decreased tubular area and diameter and increased pixel intensity (greater number of grey and white pixels, but lesser number of black pixels) and PI than those that were abstained from collection for a month.31 Therefore, the contradictory findings in our study can be related to the fact that the rams were not collected as frequently or as a result of us evaluating only peripubertal ram lambs versus sexually mature rams.

In peripubertal ram lambs, we identified that blood flow increased from May to June (as evidenced by decreased PI and RI). In a previous study, there were no differences in Doppler measurements of the testis artery reported between peripubertal and sexually mature Dorper rams.27 Therefore, it would be interesting to know if testis blood flow follows a similar pattern as pixel intensity where it increases in the peripubertal stages and reaches maximum values at puberty. It was also reported that the volume of ejaculate, but no other semen characteristics, was inversely related to the PI of the testicular arteries in Dorper rams.27 These findings are consistent with ours in that we identified no significant correlation between Doppler measurements in May or June and sperm motility or morphology in July. Neither semen volume nor concentration were assessed in the current study, as these can fluctuate greatly when collection is performed by electroejaculation. In mature, fat-tailed rams (2-4 years), marked increases in testicular blood flow were observed within the breeding season, with the least blood flow (highest PI and RI values) measured in June/July.32 Interestingly, both PI and RI were significantly correlated with sperm concentration and progressive motility (both assessed on the same day) in that study.33 Similar testicular blood flow patterns and correlation with sperm quality were reported in Polish Heath33 and Chois breed34 rams. In the current study, neither RI nor PI (measured in May or June) differed based on ram BSE classification in July, nor was there any correlation with sperm quality. We elected to measure these classifications several weeks before the BSE to evaluate the effects on spermatogenesis (~ 42 days in rams) rather than on the same day as in previous studies. Additionally, since testing was performed outside the natural breeding season (when blood flow would be decreased), it would be interesting to know if a correlation existed if these rams were evaluated into the subsequent breeding season. There is, therefore, a need to further assess the relationship between testicular blood flow and sperm quality amongst different age groups and breeds of sheep both within and outside of the natural breeding season.

In conclusion, the results of this study supported the use of ultrasonography with Doppler for evaluation of peripubertal ram lambs. Although the information provided herein is limited in its ability to predict BSE classifications of ram lambs, it does provide a baseline for future studies that should account for factors, such as breed, age, ambient temperature, and season. Additionally, the use of advanced technologies such as computer automated sperm analyzers and flow cytometry may be beneficial in demonstrating a deeper connection between testicular blood flow, echotexture, sperm movement patterns, and substructural sperm characteristics.
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